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THE SITUATION,

The past year has witnessed a large
development in many new and a few re-

markable enterprises, and it has presented
to the profession more than the^ usual
number of revolutionary schemes and
"great expectations." The rapid ad-
vancement of the Pacific Railroad, and
of lines of transportation all over the
world; the enlargement of communica-
tion by telegraph between innumerable
little towns as well as between continents;

the extension, by engineering works, of

commerce and civilization at large, and
more noticeably in America since our
energies have been concentrated upon
the arts of peace, and notwithstanding
the commercial dullness due to political

uncertainties, the remarkable increase
of manufacturing and preparations for

manufacturing in all departments;—these
enterprises have fully kept pace with the
requirements and the spirit of the age.

It is proposed in the present article

merely to refer to the condition and to

the direction of progress in a few of the
engineering works and problems most
prominent just now in America. In a
future number of the Magazine the spirit

of the new year editorials—those careful

and often excellent reviews of work done
and laid out, that give so much value to

the January numbers of the professional
serials—will be faithfully compiled.

Railways.—A radical improvement has
been commenced in locomotive practice.

Ten years ago it seemed probable that
engines and freight trains especially

would be lightened, to save the permanent
way. Meanwhile the economy of long
trains, despite the rapid destruction of

permanent way by the necessarily heavy
engines, was established, and then, as is

usually the case when the right system
has been ascertained, a way—a steel way
—was provided to carry it out. But the

radical improvement to which we refer,

although in the same direction, affects the

locomotive itself. To draw heavier trains,

and at the same time to decrease road
wear, would seem to demand two oppo-
site qualifications in the same machine.
We may indeed set heavier boilers and
machinery upon 10 or 12 driving wheels,
but such a length of rigid wheel base
wastes in lateral strains and frictions,

what it saves in the distribution of verti-

cal load. The "missing link" in the
system was the lateral articulation of the
locomotive, and this has now been sup-
plied in several forms, which will be here-
after referred to. Fairlie's plan, already
introduced in England and in America,
is placing upon 2 independent loco-

motives without boilers, a single boiler

capable of driving both with only the
attendance required by one. Freeborn's
system, which has only reached the stage
of working drawings and expert indorse-
ment, is the communication of engine-
power to any number of independent
trucks by means of bevelled gearing.

Gearing is not a favorite word in loco-

motive practice, but we think its standing
is likely to be improved.

Carrying 6 or 8 tons on 1 wheel in a
train requires as much strength of per-
manent way as if every wheel bore the
same load. "When driving wheels carry
but 2 or 3 tons each, like other wheels
(and the articulation of rolling stock
makes this feasible), the permanent way
may be reduced in strength and cost

2 or 3 fold, and will be so reduced
with advantage on lines of light traffic; or
the endurance of a given weight of per-
manent way may be indefinitely in-

creased. To this end, indeed, the super-
structure of heavily worked hues abroad
is being strengthened, while at the same
time the individual strains are being re-

duced. All this promises economy in the
working and maintenance of way and
power.

It should also appear that the maxi-
mum weights of cars are reached. There
are sleeping coaches on the Erie road
weighing 40 tons, with 9-ton trucks. The
greatest profits are made, of course, on
luxuries, and railway companies can
hardly overdo the matter; but we think
railway shareholders might have a little

larger interest in such profits, and that

the most GoldenAlhambras might be put
on more wheels, or cut up into smaller
Boudoirs. There is, however, a growing
tendency towards lighter parts; this

is accomplished by better shapes, but
chiefly by the substitution of steel for

iron. In England, the use of iron tyres,

crank pins, rods and axles, would be con-
sidered barbarous. And in this country
steel rails and tyres are introduced with
commendable rapidity, and the demand
for steel shapes is increasing:. When iron
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rails break by the 1,000 a month, as on
the Erie, and tests are rarely if ever

required by purchasers, the necessity for

subjecting steel to the most rigid and
often inappropriate trials seems rather

sudden; but we hope the severity of tests

will rather be increased than diminished

—we only ask that they may bear some re-

lation to actual service.

Other improvements are coming for-

ward. We can but mention them at the

present writing: The close coupling of

cars by elastic buffers to prevent oscilla-

tion; the interposition of elastic media
between parts subjected to jarring, as in

frogs and wheels; the use of interchange-

able parts in rolling stock; the lateral

relief of rolling stock by means of the

Bissell truck and its modifications, and
better workmanship, chiefly due to better

tools.

Railway accommodation in the matter
of car comforts, such as atmospheric air

to breathe, and water to hold and trans-

fer heat, is making notable progress; but
in the matter of station conveniences, there

is room for improvement—room in many
instances that had better be occupied
before it gets too costly. If the older

London stations— Paddington, Kings
Cross, etc.—were not models of fitness,

the defect has been corrected in the St.

Pancras station 690 feetby 240 feet under a

single roof. But in the western metrop-
olis we have no railway stations—only
places on the map at or about which
passengers embark or alight. This is,

perhaps, not to be regretted. Any costly

down-town stations in New York would
only postpone the grand work that is

certain to be built—a roof 1,000 feet

long and indefinitely wide, in Harlem,
where passengers land from underhouse
or overhouse railways leading to the
Battery, and whence they depart directly

for the east and north, and by way of a
high bridge across the Hudson for the

south and west. In Philadelphia a
similar grand plan is more nearly worked
out. All the lines entering that city will

soon terminate under a new St. Pancras
on the bank of the Schuylkill, opposite
the waterworks. In the western cities

the building of stations has been under-
taken on a liberal scale, and in many
cases carried out on a permanent and
suitable plan.

The disestablishment of railways, plac-

ing them under Government manage-
ment, is not likely to be undertaken here
at present; but the thorough discussion of

the subject in England will at least reform
abuses in the present system.
Meanwhile highway transportation,

which has been growing more expensive
and unsatisfactory for 1,000 years or
more, is likely to be improved. In the
vicinity of cities, light steam passenger-
cars are substituted for horse-cars. Mr.
Bridges Adams advocates the laying of

rails on all principal highways. Not-
withstanding the better adaptation of the
steam-carriage to indifferent roads by
means of rubber tyres, some sort of rail

or tram giving a smooth, hard bearing,

will be found indispensable, whatever
motive power may be used. The advan-
tages of the rail are minimum width and
cost of way, and convenience in steering;

its disadvantages are flange friction and
inconvenience in turning out. The plank
road is too perishable to be considered,

except as a temporary expedient. The
great American mud road is utterly bad,
unnecessary, and disgraceful. In short,

what we have to do is to pave the way for

cheap steam jwwer. Cheaper and quicker
common road transportation is one of

the most important and most neglected
problems of the day; railway managers
little realize what they are losing by
ignoring it. Thousands of isolated vil-

lages that go to seed under the " accom-
modation" of a Concord coach at 4
miles an hour, would grow into large

centres of traffic and revenue if connected
with the nearest railway by a tram-road,
upon which a 4-ton locomotive could run
at 8 miles an hour. But until very lately

the idea of an intermediate stage between
a 100-ton train on a regulation railroad,

and a lumber wagon in the mud, seems
not to have been largely considered.

Ikon and Steel.—It would be difficult

to exaggerate the collateral advantages of

the Bessemer process. Were that great
art to be lost to-day, the impetus it has
given to cognate arts—to invention and
discovery in the treatment and means of

treating iron at every stage, from the
mine to the ultimate market, would have
already rendered it the most important
invention of modern times. We cannot
undertake in this article even to mention
all the promising enterprises in this direc-

tion. The Bessemer process in Europe is
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producing not less than half a million

tons of steel per year. In America it is

now fully established. After making
some bad steel, and some that was un-
suitable for the purposes intended, in the
course of long experiments with untried
irons, the mills at Troy and Harrisburg
are now regularly turning out rails and
shapes that are as regularly accepted
after rigid tests and comparisons with the

foreign steels. The Freedom and the
Cleveland works have also commenced
successful manufacture. Suitable ores
for Bessemer steel are plentiful in all

parts of the United States. But the blast

furnace practice, with some exceptions, is

irregular and uncertain.

One of the collateral advantages of the

Bessemer process abroad, has been the

creation of such a demand for pure,

highly carburized, uniform pig iron, that

any expense was warranted in order to

meet it. And the sooner the furnace
managers in this country grapple with
this problem, with a determination to

solve it, the better it will be for all con-

cerned. Speaking of blast furnace prac-

tice, the hot blast, always considered

economical, but not always productive of

the best iron, is now deemed equally val-

uable for both quality and quantity.

The hot blast brings down more impuri-

ties, but suitablefluxes eliminate these im-

purities. The utilization of furnace gases

was at one time abandoned in certain dis-

tricts, but more skilful working has re-

moved the difficulties encountered. In-

deed, in the best American practice, the

detention of the gases at the tunnel head,

by means of mechanical feeding appara-

tus, has been found unnecessary; the gases

are utilized before they arrive at the tun-

nel head. It should certainly seem ab-

surd to throw into the air a great volume
of flame, and then complain that there is

no flame-giving gas to be spared. In-

creased height of furnaces—over 100 feet

in the Cleveland district—has largely in-

creased the yield, and bettered the quality

of pig-iron. The increased contact of the

iron with incandescent carbon from this

cause, is of peculiar advantage for the

production of Bessemer metal. It is true

that the increased temperature due to a

high stack and the hot blast reduces and
combines every metal of which the ore ex-

ists in the material charged—manganese,
aluminium, silicuni, etc.—but the greater

number of the metals so reduced are
valuable alloys, and the remainder may
be eliminated by proper fluxing. But the
capacity of the English coke to sustain
the weight of the charges in a 100 feet

furnace is an advantage that cannot be
certainly predicted for our anthracite.

It is to be hoped that the proper shaping
of the boshes, and other mechanical and
working features, will give us an equal ad-
vantage—or rather, it is to be hoped that
our blast furnace managers will test, at

some little cost, the capacities of home
materials with reference to modern for-

eign practice. We are not doubtful as to

the result, if we can only get a thorough
test.

Several new processes for decarburizing
crude iron are on trial. In America the
mixture of magnetic ores with fluid cast-

iron, and in England the pouring of crude
iron upon a carbon-bearing mineral

—

nitrate of soda—are at least practicable

substitutes for the finery process. Whether
they are more than this remains to be
proved, and the hopes of a wider range
of interests than those directly concerned
are hanging upon the results.

The development of flame furnaces, for

heating and puddling, is one of the lead-

ing improvements. The Siemens furnace
almost rivals the Bessemer process in

practical economy. The production and
burning of coal gas has been achieved
by various inventors, in various ways, but
the regenerative feature of the Siemens fur-

nace enables it to maintain an in tensity and
a regulated quality of flame, that should
preserve the material treated and the fur-

nace itself against excessive waste. Un-
der the Pomeroy patents, the use of man-
ganese as a purifier, and of steam both
as a heating and a purifying agent in the
furnace, excellent steel is being produced
from old iron rails and Franklinite ore or
residuum. The Chenot steel process, de-
pending upon the securing and utilization

of the wrought-iron sponge first formed
in the blast furnace, and other modes of

treatment at every stage of manufacture,
are having the benefit of thorough trial.

The Siemens-Marten process, the produc-
tion of steel of various grades from crude
wrought-iron and cast-iron, in the Sie-

mens furnace, is well established abroad,

and has been successfully commenced,
under favorable auspices, here.

Meanwhile the old crucible steel pro-
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cess, or rather the new crucible steel pro-

cess, instead of being- superseded by the

other processes, has had the benefit of

such improvements and economies, that

it is still the close competitor of them all.

It is fortunate for us that the best English

talent and experience has found a resi-

dence among us.

For the production of steel castings,

the Bessemer process is thus far inade-

quate—the metal cannot remain "dead
melted" long enough to part with its

bubble-giving gases. But the crucible

process is to-day producing steel castings

—gearing, frogs, cranks, and substitutes

for wrought-iron forgings, that are excel-

lent substitutes for forgings, in every par-

ticular. This manufacture is so new
among us that we hardly appreciate its

importance.
In the machinery for working iron and

steel, we have more metal and better

fitting. The steel rail train at Harris-

burg and the new iron trains at Beading
are as ponderous and accurate as marine
engine work. "We have but few heavy
steam hammers in this country, and no
hydraulic forging presses. The use of

wrought-iron box-frames for hammers,
cranes, etc., has hardly commenced here,

although it is common abroad.

Steam Navigation has experienced no
radical change of late. The size of ships

is creeping up to Great Eastern propor-

tions. The greater the size, the less the

working cost for a given speed; always

provided the vessel is loaded to her full

capacity. The Great Eastern is simply

premature. A most important change in

the structure of iron hulls is hardly rec-

ognized by the leading builders, strange

to tell, although long since brought for-

ward. This is the longitudinal system

—

running the ribs lengthwise instead of

vertically, so as to add their enormous
strength in the direction of the principal

strain. No amount of strength in the

present vertical frames of a ship will pre-

vent her breaking in two. In marine en-

gines and boilers there is little change,

although there has been much costly ex-

perimenting. Excessive superheating, sur-

face condensation, high-pressure, and the

use of liquid fuel, are slow and difficult

problems. Wood bearings have over-

come the chief obstacle in the working of

heavy screw machinery, and the screw
steamer is driving the paddle steamer

from the sea. With the screw the power
of the wind can be added to that of steam,
but paddles work at a disadvantage in

a vessel rolling and careening under a

spread of canvass,

Iron Structures, bridges, houses, etc.,

are multiplying among us. On the prin-

cipal railways, such as the Pennsylvania,
the wooden bridge is the exception. If

the old wooden trusses and trestles so

common on the older American roads, are

not soon pulled down, there will be some
frightful "accidents." We regret to ob-
serve that so many costly buildings are

going up in our cities with wooden floors.

We think it could be proved that iron

would pay in the long run, at twice its

present cost. A little economy of exter-

nal and as a rule inappropriate ornamen-
tation, would pay for fire-proof and du-
rable floors.

New Sources of Power.—Captain Erics-

son's startling proposition to utilize the

direct heat of the sun, has been published,

and, in fact, practised on an experimental
scale during the past year. The foreign

authorities do not receive the announce-
ment hopefully and with proper respect,

but they are accustomed to sudden con-
versions, as in the matter of the monitors.

The application of tides and wind to me-
chanical uses has hardly been advanced.
Here are three forms of power—infinite,

universal, and free—going to waste centu-

ry after century, while we are delving in

the depths and under the sea for costly

coal to convert into power. We cannot
believe that the limit of human ingenuity
is reached—rather that these subtle forces

are held in reserve for the uses of a wider
and grander civilization.

THE NEW YORK SOCIETY OF PRACTICAL

ENGINEERING.

This Society, organized a few months
since, holds regular fortnightly meetings
at room 24 Cooper Institute building, for

the discussion of engineering subjects of

a practical nature and of public interest.

Meetings were held on the evenings of

November 24 and December 8 respec-

tively, the President (James A. Whitney)
in the chair.

At the meeting of the 24th ult., the

regular paper on " Elevators and Hoist-

ing Machinery" was read by Mr. T. P.
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Pemberton. The -writer passed from a

brief consideration of the most primitive

methods of raising weights by means of a
rope thrown over the branch of a tree to

the construction of the rude capstans and
windlasses that, until within the past
hundred years, were used on the vessels

and in the mining operations of most
nations, and are still found on Chinese
junks. From this he passed to a classifi-

cation and description of the several

classes of elevators now employed in

mines, buildings, manufactories, etc. The
use of traversing cranes for large work-
shops was strongly advocated, and
sketches given of those employed in

England, and capable of lifting and
carrying a large locomotive from one
end of the shop to the other. The use
of ropes, either of hemp or wire, in

elevators for carrying persons was dis-

countenanced, and elevators worked by
screws were recommended for all such
cases. In the discussion which followed,

a method was explained by which it is

believed large, masses of rock were lifted

in ancient times, and which consists in

tilting the rock alternately upon each of

two fulcrums placed at a slight distance

apart under the centre of the mass, each
fulcrum being slightly raised as the rock
was tilted up therefrom. An elevating

apparatus which is used in Great Britain,

and to some extent in American mines,

was described as consisting of two verti-

cal series of platforms, having an alternate

reciprocating movement in opposite direc-

tions, so that by stepping to and from
the platforms of one series to those of

the other, the miners, by the upward
movement of the platforms, may be
carried from the bottom to the top of the

shaft.

At the meeting of the 8th inst., the

regular paper on " Modern Improve-
ments in Mining Apparatus" was read
by Mr. \Vm. B. Harrison, and sketched
the development of machinery in mining
operations from the primitive wash-pan
to the modern improvements in stamp-
mills, amalgamators, and the like. An
interesting discussion sprang up after the

reading of the paper, in which Dr. A. W.
Hall sketched his experience in the min-
ing districts of the Rocky Mountains, and
the economy which has resulted in the

amalgamating process, by placing the

mercury as a coating upon copper. A

Mr. Ferris, from California, gave a de-
tailed description of the method of

hydraulic mining in that State. Dr. J.

N. C. Smith, ex-Mayor of Boston, gave a
graphic description of what had fallen

under his observation in travels in Asia,

stating his belief that unknown mines
still exist hi that ancient country, and
giving also a sketch of a rude turbine
wheel which he had seen in one of the
valleys of Anti-Lebanon, and which had
been in use there for ages before Ameri-
can turbines were thought of. After
some further discussion on ancient and
modern appliances relating to the matter
in hand, the Society adjourned for two
weeks, with the announcement that at the
next meeting the regular subject for con-
sideration would be " The Prevention of

Marine Disasters."

ENGINEERING PROBLEMS.

The Council of the' Institution of Civil

Engineers invite communications on the
subjects comprised in the following list,

as well as upon others; such as, 1st.

Authentic Details of the Progress of any
work in Civil Engineering, as far as ab-
solutely executed (Smeaton's Account of

the Eddystone Lighthouse may be taken
as an example); 2d. Descriptions of En-
gines and Machines of various kinds ; or,

3d. Practical Essays on Subjects connected
with Engineering, as, for instance, Metal-
lurgy. For approved original communi-
cations the council will be prepared to
award the premiums arising out of special
funds devoted for the purpose.

1. On the present state of knowledge
as to the strength of materials.

2. On steam cranes, and on the appli-
cation of steam power in the execution of
public works.

3. On the theory and details of con-
struction of metal and timber arches.

4. On land-slips, with the best means
of preventing or arresting them, with ex-
amples.

5. On the principles to be observed in
laying out lines of railway through moun-
tainous countries, with examples of their

application in the Alps, the Pyrenees, the
Indian Chats, the Rocky Mountains of
America, and similar cases.

G. On railway ferries, or the transmis-
sion of railway trains entire across rivers,

estuaries, etc.
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7. On the systems of fixed signals at

present in nse oh railways.

8. Description of a modern English
locomotiye engine, designed with a view

to cheapness of construction, durability,

and facility of repair.

9. On the leading points of difference

between the engines and carriages in use

on railways in the United States and in

Great Britain, and the reasons for any
peculiarities in the American practice,

with details of the cost of maintenance.
10. On the most suitable materials for,

and the best mode of formation of, the

surfaces of the streets of large towns.

11. On the construction of catch-water
reservoirs in mountain districts for the

supply of towns, for irrigation, or for

manufacturing purposes.
12. Accounts of existing water-works,

including the source of supply, a descrip-

tion of the different modes of collecting

and filtering, the distribution throughout
the streets of towns, and the general
practical results.

13. On pumping machinery for raising

water, both for high and low lifts.

14. On the drainage of towns and the

ultimate disposal of town refuse.

15. On the employment of steam power
in agriculture.

16. On the ventilation and warming of

public buildings.

17. On the design and construction of

gas-works, with a view to the manufacture
of gas of high illuminating power; and on
the most economical system of distribu-

tion of gas, and the best modes of illumi-

nations in streets and buildings.

18. Critical observations on estuary
tides.

19. On the construction of tidal or other

dams, in a constant or variable depth of

water; and on the use of wrought iron in

their construction.

20. On the arrangement and construc-

tion of floating landing stages, for passen-
ger and other traffic, with existing exam-
ples.

21. On the different systems of swing,
lifting, and other opening bridges, with
existing examples.

22. On the measure of resistance to

bodies passing through water at high
velocities.

23. On the results of the best modern
practice in ocean steam navigation, hav-
ing regard particularly to economy of

working expenses, by superheating, sur-

face condensing, great expansion, high
pressure, etc.; and on the "life" and cost

of maintenance of merchant steamships.
24. On ships of war, with regard to

then' armor, ordnance, mode of propul-
sion, and machinery.

25. On the measures to be adopted for

protecting iron ships from corrosion.

26. On coal mining in deep workings,
including machinery for dispensing with
gunpowder in " getting " coal.

27. On the present systems of smelting
iron ores, of the conversion of cast-iron

into the malleable state, and of the manu-
facture of iron generally, comprising the
distribution and arrangement of iron-

works.

28. On machinery for rolling heavy
rails, shafts, and bars of large sectional

area, and for forging heavy masses of

metal.

29. On steel, and its present position

as regards production and application.

30. On the safe working strength of

iron and steel, including the results of

experiments on the elastic limit of long
bars of iron, and on the rate of decay by
rusting, etc., and under prolonged strains.

31. On machinery for washing lead
ores.

32. On the present state of submarine
telegraphy, and on the transmission of

electrical signals through submarine
cables.

HpHE Geeatest Ameeican Railway.—The
_L Pennsylvania Railroad has at last ef-

fected the actual consolidation with it of

its two main Western connecting routes.

The Pittsburgh, Port Wayne, and Chicago,
and the Pittsbixrgh, Cincinnati, and St.

Louis Roads thus become practically a part

of the Pennsylvania Central, and over 1,00®

miles of railway, stretching from the sea-

board to the great cities of the Mississippi

Valley, pass under the control of a single

corporation. The nature of this gigantic

combination, effected by the great Penn-
sylvania line while ours are busy feeing

lawyers and procuring injunctions, may
be better comprehended in the light of

the fact that it brings under one manage-
ment property valued at $280,000,000, and
reaches for freight and passengers from
Philadelphia to Chicago, Cincinnati, and
St. Louis.—K Y. Tribune.
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EXCAVATING IN QUICKSAND.

SHEET PILING \ PUDDLE WALLS ; OBSTRUCTING
WATER.

Condensed from a paper by Wm. J. McAlpine, C. E., bofore
the Am'-'i'ican Society of Civil Lnginoers.

Description of Works.—In the autumn
of 1866 an earthen dam was built across
a small valley near the head of tho Acush-
net river, to form the storing reservoir of

the New Bedford Waterworks. The dam
was 600 feet long, 25 feet high, 20 feet wide
©n top, with slopes on each side of 2 to 1.

The earth about the dam is the decomposed
primary rocks, similar to that of the general
coast range, being coarse and fine gravel
and sand, with a little vegetable loam on the
surface, and with no clay or almost none.
Below the surface muck was a stratum of

hard pan of irregular thickness from one
to three feet, and beneath this was a bed
of fine sand, which by subsidence and
pressure was so hard as often to require
to be picked before it could be removed
with the shovel.

The earthen dam was exceedingly well

built. There was a puddle wall of ample
width in the middle, which was extended
in all cases to the hard pan, and generally

4 to 6 feet below it, with a "toothed"
bottom. The muck under the upper slope

of the dam was removed to the hard pan,

and in some cases the muck was also re-

moved from beneath the lower slope. The
puddle wall wras made of the best mate-
rials that could be procured in the neigh-
borhood, which was fine gravel, mixed
with coarse and fine sand, and the loamy
sand from the surface, all of which were
incorporated together by the free use of

a large quantity of water and by cutting

with spades. The upper slope of the dam
was protected by a well-made slope wall

of very large-sized quarry stone. The
reservoir or lake when full, covered about
200 acres, and the water was 20 feet deep
at the dam. The gate house was built at

the western end of the dam at the foot of

the upper slope of the bank, and the
waste culvert and conduit were extended
from it entirely through the earthen dam.
The foundations of the gate house and
culvert were placed at the level of the

lowest water in the river, wThich was about
3 feet lower than the surface of the
swamp and were made by placing on the
hard compact sand, a floor of large un-
hewn blocks of granite, with the edges

and end joints hammered off to lines.

The stones were laid on a bed of hydraulic
cement mortal-

, and great care was taken
to fill the vertical joints tight. The waste
culvert was in the form of a segment of a
circle of 8 feet chord, and 3 feet versed
sine. The conduit was an oval of 3 and 4
feet diameters, made by 3 courses of brick.

Its grade was 5 feet higher than that of
the culvert, and it was supported on top
of the latter from the gate house to near
the middle of the bank, and then was
curved to the right and was supported
through the lower half of the embank-
ment on a puddle wall. All this work
was laid in excellent hydraulic mortar.
The lake was filled with water during

the early summer of 1867, and remained
full until February, 1868. The dam and
the waste culvert were frequently exam-
ined during this period of 6 months.
The dam itself was perfectly tight. A very
small stream of water escaped at the
lower end of the waste culvert, but this

ran clear, and evidently came from the
hill side. The workmen drank it, because
of its purity and low temperature. The
water in the lake at that time was highly
colored, and at a comparatively high tem-
perature. There were a few very small
holes in the bottom stone and in the arch,

where very cold clear water escaped
almost in drops. The author first visited

the work in June, 1867. The lake had
not then been filled, but the water in the
river had been shut back so as to be at

a level 5 or 6 feet higher than the bot-

tom of the gate well. A leak had occurred
through its foundation (the stone pave-
ment), which had brought up with the

water considerable fine sand. A new
floor was then being laid on the inside of

the well, which completely stopped the
leak at that place.

The Breach and its Causes.—About the
middle of February, 1868, there occurred
an exceedingly heavy fall of rain, and as

there had been two months of previous
heavy rains, and the ground was then
frozen, the engineer apprehended that
the water miofht rise too hi«h in the lake.

He therefore raised one of the gates at

the gate house, giving an opening of 6

square feet under 20 feet head. Three
days later he sent an intelligent man to

close this gate. This person asserts posi-

tively that he shut the gate, but he adds
that the water continued to flow out
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through the waste culvert in undiminished
quantity, and it is therefore certain either

that the rod attached to the gate was
broken from it, and thus the gate was
not closed, or that the leak in the gate

well of the previous June had made a

passage under the gate house, and had
forced upward some of the pavement
stones of the waste culvert.

Several intelligent persons were at the

dam within 1 day of the time that the

breach occurred, and did not observe any-
thingwrong. No one witnessed the breach,

which occurred 48 hours after the gate

was supposed to have been closed, and
swept out 100 feet in length of the em-
bankment, and discharged probably with-

in a few hours 300,000,000 of gallons of

water. Fortunately the dense cedar
forest which extended for half a mile be-

low the dam, so much obstructed the flow

of this large body of water as to prevent
much damage on the river below. The
rush of water at the dam undermined
the waste culvert and lowered the pave-
ment 2 or 3 feet, and also toppled over the
gate chamber. The author visited the work
the middle of May to determine upon the
plans for the repairs of the dam and
works. It was very important to discover,

if possible, the causes which had produced
the breach, but a sufficient number of

facts had not been ascertained to deter-

mine these causes definitely, and it there-

fore became necessary to review all of

those which might have produced the ac-

cident:

1. The stone pavement had been placed
on a bed of quicksand, which although
very hard and compact when dry and un-
disturbed, became a semi-fluid when satu-

rated and subjected to disturbance. It

was well bedded in hydraulic cement
mortar, and the joints filled as close as

possible, but it was practically impossible
to make these joints all perfectly tight,

and many of the openings between the
stones, in places, were of considerable

width. The discharge water passing
through the culvert had a velocity of 10
feet per second, which was sufficient to

force its way downward into any imper-
fect joint, and to rapidly wear away any
portion of imperfect mortar until it

reached the very fine sand on which the
pavement rested ; and this would be
quickly removed by such a current of

water, and cause 1 or more of the stones

to settle, and then the current would rap-
idly extend its efforts under other stones,

and. soon cause the culvert to settle and
break and leave the lake water free egress

through the embankment. That the
pavement had some such imperfect joints

was shown by the leak which had occurred
in June previously, and that the pave-
ment was undermined as above hypothet-
ically stated, by finding the stones at a
level 2 or 3 feet lower than that at which
they were originally laid.

2. The segmental form of the waste cul-

vert arch produced a horizontal thrust

upon the stones forming the foundation.

These stones did not extend entirely across

the foundation (transversely). That is,

from 3 to 4 stones were used to make up
the width of 12 feet. This thrust was pro-

duced by the weight of the stone arch and
of a body of earth, which, in moist condi-

tion, would bring a weight of 40 tons per
lineal foot on the arch, and to resist it

was only the inertia of half a ton, the
friction on the earth, and the resistance to

the compression of moist or wet earth of

less than 2 square feet area. These single

stones may, therefore, have been forced
into the earth horizontally, and thus joints

opened to the attack of the current of

water, or the arch stone may have slid

upon the pavement, and in either case al-

lowed the arch to fall and thus open a

passage for the lake water through the

embankment.
3. The conduit having an unequal sup-

port in passing through the embankment,
may have become cracked at or near the

place where it lost the support of the

culvert masonry, thus admitting water
into the embankment (which in this place

had been made of fine sand), thus carry-

ing it off.

4. The water from the lake under 20
feet head might have forced a small pas-

sage through the fine sand entirely below
the base of the dam and of the founda-
tion of the masonry, and gradually enlarg-

ing itself have finally produced the breach.

A consideration of all of the circum-
stances of the case led to the belief that

the breach was caused by the first of the

conditions above named, and that it was
probably aided by the second. Never-
theless, it was regarded as prudent to

provide in the new work as far as possi-

ble, against all of the causes which might
have produced the disaster. The plans
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which wore determined for the repairs

were as follows :

Plans for Repairs.—1. To remove the
quicksand aeross the breach, for the
whole width of the base of the dam, as
low as could be done without great ex-

pense, and rej>lace it with line gravel,

mixed with a little loam (which was the
best material which could be procured
without hauling a dozen miles).

2. To place the waste culvert at a level

3 feet higher than in the original

structure, so as to have its foundation
resting on the greatest possible depth
of gravel, and to build the culvert and
conduit as 1 piece of masonry entirely

through the bank.
3. To place the gate house about 40

feet above the upper toe of the dam,
and extend a bank of gravel to cover
the culvert and conduit from contact
with the water in the lake.

4. To place wTithin the main bank 2

rows of water-tight sheet-piling, which
should extend as deep as possible into the
quicksand below, and at least 20 feet hori-

zontally into the old bank to the east of

the breach, and at least as far into the

side hill at the west, and to make a gravel

puddle wall between these rows of piling,

sunk as deep and as far into the banks at

the ends as practicable.

5. To remove the slope wall from the

face of the old bank and from the hill side

for at least 60 feet horizontally, and face

the bank anew with gravel of 3 feet thick-

ness at top and 6 feet at bottom (at right

angles to the slope).

To foot this facing at least 4 feet deep
into the swamp, and in all cases to the

stratum of hard pan, to which it should
be carefully connected, and to uncover this

stratum of hard pan for a circuit of 100

feet radius above the toe of the dam, ex-

amine its depth and make it (by adding
gravel) a perfect lining over the whole
bottom, and at its upper extremity to

connect it with a cut-off of gravel sunk 4
feet deep into the underlying stratum of

quicksand.
These precautions may at first thought

seem to have been further extended than
the case warranted, but a personal ex-

amination would soon convince an expe-

rienced engineer that it was really one of

the worst cases that he is often required
to meet. The disturbance in the bed of

quicksand had changed it from a material

of hard consistence to a semi-fluid,

which flowed in from all directions and
left the whole of the earth about the work
porous or perhaps cavernous.

Sheet Piling.—Engineers often use
sheet-piling by driving single planks or
timbers, sometimes with tongues insert-

ed and sometimes with a double course
breaking or covering the joints. The au-
thor holds the opinion that in most cases

such sheet-piling is not only useless, but
is positively detrimental, and for a great
many years he has used none but placed
sheet-piling; that is, by excavating a
trench to the requisite (or greatest prac-
ticable) depth, and placing in the bottom
a timber, to which closely jointed plank
are spiked (being also sjnked to a similar

timber at the top), and covered by a
second course of jointed boards or plank.
In other words, making a barrier perfect-

ly water-tight against the head of water
which wT

ill be brought against it. YvThen
the plank are thus placed, the trench is

filled with fine gravel mixed with a little

loam. It is impossible to drive plank
singly and make a water-tight joint. The
tongues or coverings are generally use-
less.

To prove this, let the greatest care be
taken in driving some plank in a dry
place. Then remove the earth and you
will find the bottom joints of the piling

open in both directions; and if tongues
have been used, many of them will be
found to have been split off at the bottom,
and useless, and no covering plank can
be put on, much less driven, which will

make the joints water-tight. Such sheet-

piling will not resist one foot head of

water; and if water will pass through,
then will the fine sand and loam or clay,

and the whole piling becomes not only
useless but deceiving to the engineer who
has relied upon it; and who may from
that cause lose his structure.

Angles to Obstruct Water.—But this

is not all of the danger to be apprehended.
Water will follow along a smooth surface

for a great distance (horizontally and
vertically), until it finds these open joints,

through which it wdl freely pass, and
then upon the opposite side, where it will

continue to search for some escape under
or around the structure. Water abhors

;
angles, and by compelling it to make a

\

sufficient number, its head can be entirely

I

destroyed and prevent any damage. The
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interposition of these angles is often the

weapon of defence that the engineer can

avail of, against his worst enemy, and
most useful ally—water. In placed sheet-

piling you can provide at the bottom as

many of these right angles as you deem
necessary by means of the plank and tim-

bers, which will generally give you seven

angles, and these may be increased to any
desired number.
Clay vs. Gravel Puddle.—Many young

engineers fill their piling trenches with
clay puddle. The author greatly prefers

fine gravel, with a little loam mixed with
it. The first coffer dam at the United
States dry dock gave way, chiefly because
it was filled with clay. The one built by
the author withstood a great pressure
because it was filled with gravel. Even
paving stones were allowed to be put in

the coffer dam, where they were sur-

rounded by gravel. The particles of clay

are cohesive, and a vein of water never so

small, which finds a passage under or
through clay, is continually wearing a
larger opening. The particles of fine

gravel, on the other hand, have no cohe-
sion. Such a vein of water as has been
mentioned, first washes out from the
gravel the fine particles of sand, and the
larger particles fall into the space, and
these small stones first intercept the
coarser sand and next the particles of

loam, which are drifted in by the current
of water, and thus the whole mass pud-
dles itself better than the engineer could
do with his own hands. The vacuities

produced below, by this operation, are
indicated by the settlement at the top,

where more gravel, etc., can be added as

is found necessary.

An embankment of gravel is compara-
tively safe, and becomes tighter every day.

One of clay is much tighter at first, but is

always liable to breakage, from the causes
already mentioned. For the same reasons
the piling trench should be filled with
gravel, so that if any vein of water escapes
through or below the sheet-piling, the
weight of the gravel will crush down and
fill up the vein, before it can enlarge
itself enough to produce danger.

Difficulties to be Overcome. — The
problem now before us was one of con-
siderable difficulty. The sounding rods
showed that the material to a depth of

from 20 to 25 feet, was of the same
character as that at and above the

level of the river, viz. : a very fine

sand, in fact a very troublesome quick-
sand. It was necessary to excavate a
piling-trench in this semi-fluid to a depth
of at least 15 feet. On the one side

we had the river flowing through a wooden
sluice and canals, and a heavy embank-
ment of 25 feet height pressing down
upon the bed of quicksand adjacent
to the pit. On the other side was a steep

J

side hill of 50 feet height pressing down
upon a similar bed of quicksand. The
excessive rains had filled the swamp and
lands adjacent to the pit with water, to

their utmost point of saturation. This
quicksand was very pervious to water,

and hence a large quantity of water might
be anticipated to come into the pit during
the operation, and if the work was pro-
tracted, the high banks on each side

would be undermined and cave into the
pit.

A steam engine of nominally 10-horse

power and a pump, delivering 40 cubic

feet of water per minute 13 feet high,

were provided, but the power applied was
5| times the effect produced, which cover-

ed the friction of the machinery, increased

greatly by the sand, and the loss of the
water by loose buckets. The power of

the engine was exhausted by the time the
depth of 12 feet was reached.

Rules for Removing Quicksand.—There
are 3 rules to be observed in excavat-

ing quicksand, and they are here stated

concisely so as to impress the reader:

1. The water must be removed promptly
and thoroughly.

2. The excavation must be made with
the utmost despatch.

3. The material must not be disturbed
after it begins to quake.

Now, these rules are almost never ob-
served. It is almost impossible to make
either engineers, foremen, or workmen
follow them, and hence arise the chief

(hfficulties and expense ofremoving quick-

sand. If they are strictly followed, the
author guarantees that the difficulties and
expense will be reduced one-half at least.

Quicksand is defined to be a mixture of

fine sand, with such a proportion of clay

or loam as enables the mass to retain

water within itself; and when in this con-
dition, after it has been trampled upon
for a short time, it begins to quake, so
that it may also be called " quakesand."
When it reaches this condition, if it is left
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quiescent for a few hours, the heavier

particles of sand and clay settle down and
expel the water, and the mass becomes
again firm. If, on the other hand, it is

further disturbed by the feet of the work-
men, it becomes more and more fluid,

additional material flows in from the
sides, and no progress can be made in the

excavation.

When the engineer has such a work in

hand he should provide an ample pump-
ing power. And here it may be noted
that in most cases he will find that a
power even 5 times as great as he an-
ticipated will often in the end prove most
economical. The pumps should be capa-
ble of lifting sand as well as water, and
those are best which are not liable to be
clogged. This is of more consequence
than that they should work with a good
"duty."
The author has found that in most

cases sheet-piling protections around the

pit to prevent the influx of sand are use-

less and often detrimental. If there is

room to allow the excavation to take its

natural slope, and the 3 rules are ob-

served, the sheet-piling protection will

be found unnecessary. Quicksand in a

dry state may be excavated nearly verti-

cal. These views will be illustrated by
describing the operations at the place in

question.

The Operations of Repairs.—The pit

was commenced on top about 50 feet

wide and 100 feet long. There were 30
laborers employed, who were arranged as

follows : Six were kept constantly em-
ployed in removing and casting aside the

sand from about and under the pump, to

keep it far below the other parts of the

excavation ; 12 men were constantly

employed in opening small ditches radi-

ating out from the pump pit ; 6 men
were emploj^ed in excavating the ridges

left between the radiating ditches, and as

long as the latter were kept open these

ridges offered perfectly dry digging. The
remainder of the men were employed in

casting further back the earth which was
thrown out by the 6 men last mentioned.
It will be seen that the actual removal of

the earth was measured by that done by
only 6 men out of 303 but these men had
perfectly dry work.

All things being in readiness, the work
of excavating was commenced early in the
morning, and by mid-day the pit had been

sunk in the lowest place to a depth of

I
12 feet, and then it appeared that the

: extreme power of the steam engine to re-

! move the water had been reached, and it

|

soon became impossible to keep open the
radiating ditches, and consequently the
earth between them became suffused, and

! soon after the whole of the lower portion
was transformed from hard compact sand
to a mass of semi-fluid material, quaking
like jelly. The water began to "boil up"

I in many places in the bottom, and it was

|

evident that no further progress in the

I
excavation could at this time be made.

It was considered very important that
the sheet-piling should be placed at a
much greater depth than that to which
the excavation had now been carried. To
drive the plank to the desired depth, as
has already been mentioned, would have
resulted in open joints at the bottom. It

was therefore determined to lessen the
number of such joints by making up the
jolank in panels of 4 feet width, with
joints matched and battened with 1-inch

boards. One of these panels was placed
in the proper line of the sheet-piling, and
forced down by p?*essure nearly 5 feet

deep. The non-fluid condition of the
sand permitting this penetration, a sec-

ond panel was forced down in the same
manner, and with considerable trouble a
tolerably close joint was made with the
first panel, and further secured by a plank
which was driven over the joint.

In this manner successive panels were
driven in, until the whole width of the pit

was covered by 2 rows of sheet-piling

placed 15 feet apart. As the joints be-
tween the panels thus placed were of ne-
cessity nearly as open as in any other
sheet-piling, it was determined to remove
the water, and then the earth from between

the rows of piling to the depth to which
they had been forced, and then to batten
and caidk up the joints on the inside.

Source of "Water Determined by Tem-
perature.—While the question of a new
engine was being discussed, it became de-

sirable to ascertain how much of the water
which flowed into the pit, came from the

leaky sluice and the canals, and how much
from the natural water courses through
the sand. The material being of so porous
a character, it was impossible to deter-

mine this question merely from the direc-

tions in which these small streams came,
but the author happening to have his
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pocket thermometer with him, he obtained

the temperature of the water flowing into

the pit from rarious quarters. The re-

sult was surprising. The temperature of

the water in the sluice was 74°, and that

of one set of the streams ranged from 71°

to 73°, and of another set was from 56°

to 61°, several of them flowing but a few
feet from each other, with these widely
differing temperatures.
Those of the higher degrees were evi-

dently the leakages from the sluice-way

and canal, and those of the lower temper-
ature as evidently frora deep-seated
springs.

A rough, but sufficiently accurate gauge
of each of the 20 small streams was made,
from which it was ascertained that two-
thirds of the water which came into the
pit was leakage, the greater part of which
could be prevented by a new sluice, and a
better connection at the ends. With a
diminution of more than one-half the
quantity of inflowing water, the engine on
hand would be of ample power to free the
work from water, and enable us to get
down to the requisite depth, and caulk
the joints of the sheet-piling, and put in

the puddle. This simple expedient, there-

fore, saved an expenditure of nearly

$2,000.

The New "Works.—The masonry of the
new gate house, culvert, and conduit, is

all laid in hydraulic cement mortar, and
rests upon a foundation of timber, and 2

courses of plank. Concrete masonry is

filled between the timbers, to take their

place if they should ever decay, which, as

they will always be submerged, will not
soon occur.

There was another source of danger
which had to be guarded against, viz.,

that the water would follow along the
sides, top, or bottom of the masonry,
through the whole width of the leak, and
escaping at the lower side, again produce
a leak. To prevent this, belt walls of ma-
sonry were built at each row of sheet-

piling, and one still further toward the
gate-house. These belt walls extend 3
feet beyond the outside lines of the ma-
sonry of the culvert and conduit on the
bottom, on the side, and over the top, and
are built up with the other masonry, thus
forming a perfect cut-off to the water at

each belt. The outer faces of these belts

are "toothed," to produce angular ob-
structions to the water.

THE STRAINS IN GIRDERS.

METHOD OP DETERMINING- THEM GEOMETRI-
CALLY.

From the " Building News.

"

In 1856, Prof. Cullman, filling the chair
of Civil Engineers at the Zurich Poly-
technic School, published, under the name
of "Graphical Statics," a geometrical
mode of determining the stresses in struc-

tures,which deserves the greatest attention
from practical engineers and architects.

It is a process in which geometrical con-
struction is substituted for complicated
calculations; or, in other words, by which
a great saving in time can be effected, to-

gether with a self-evident avoidance of

liability to error. It will be seen that
this process enables the architect or en-
gineer to instantly note the effects of any
alteration he may chance to make in his

designs. As is seen one example we
have chosen is that of the well-known
case of a common Warren girder.

The basis of the method is simply that

of the almost popularly known principle

of the parallelogram of forces. It is well

known that a force can be geometrically

represented by a straight line running
parallel to the given force, and denoting
the amount of the force by its length. Of
course a line per se cannot exactly denote
a force, but if the course of the force or its

direction from (say) right to left be also

held to be indicated by the line, then all

the required qualifications are given. Let
us suppose, for instance, that we have a
number of forces acting in a plane upon
the same point. We then have, as indi-

cated in the following diagram, to find

the resultant of any number of given
forces 1, 2, 3, 4, 5, acting upon 1 point,

as indicated in Pig. 1:—Draw a polygon
O ab c d e with its sides 1, 2, 3, 4, 5, paral-

lel to the directions and equal to the

magnitudes of the forces. These must be
so arranged that if we indicate the courses

of these forces in all the sides by arrows,

all these arrows must point in the same
course round the irregular polygon. The
line R, closing this polygon by joining the

origin O with the end e, represents the

required resultant in direction and mag-
nitude. Fig. 1.

This resultant is to be taken in a course

opposite to the curve of the given forces.

Any one of the diagonals in the polygon
represents the resultant of all the forces
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Fig. 1.

*

placed between the 2 points formed by
that diagonal. This polygon may be
termed the " polygon of forces," and it can
be proved by successively combining the

forces according to the principle of the

parallelogram of forces.

If the polygon of any given number of

forces, acting upon the same point, is

closed, these forces will balance each
other; and vice versd. This is substan-
tially the same proposition as that stated

by ' Dr. Rankine, par. No. 53 of his
" Applied Mechanics."
To determine 2 forces of given direction

so that they may balance any number of

known forces, all acting upon the same
point, construct the polygon of the given
forces and close it by 2 lines parallel to

the directions of the given forces. These
lines taken in the same direction round
the polygon as the others represent the
required forces. The second principle is

a consequence of the first, and the third
is easily proved by the second. With the
assistance of these principles it is easy to

ascertain the stresses on a Warren girder.

To explain the process it will be sufficient

to determine the stresses in a small
girder constructed with only 4 divisions

in the top beam, as shown in Fig. 3.

There will be no difficulty in afterwards
extending this to larger girders.

We will designate its parts by number-
ing the connecting points, and by calling

each bar lying between them by the num-
bers at its 2 ends. We assume that the
girder is loaded with 10 tons at each con-
necting point of the top ; that is to say, at

the points 2, 4, 6 ; while the resistances A
and B of the supports act upon the
extreme ends and 8. As the load has
been assumed to be uniformly distributed,

each of these 2 resistances is equal to

one-half the entire load of 30, or equal
to 15 tons.

It is a necessary property of any struc-

ture that all the forces acting upon the
same connecting point should be in

equihbrium ; and we employ this property
to ascertain the stresses in the different

bars. If all the forces acting upon such
a point are known with the exception of
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2, these 2 can be ascertained by means of

the last principle stated. "VVe begin at

the point O, where the resistance A, equal

to 15 tons, acts upwards, and we will pro-

ceed to determine the stresses in the bars

1 and 2, the directions of which are

given. "We draw the vertical line OA,
Fig. 4, parallel to the force A in Fig.

3; and make it, by any scale, equal to 15

tons. The line A a is then drawn from A
parallel to the horizontal bar o 2 ; and line

O a parallel to the sloping bar o 1. These
intersect one another at a. Therefore,

the lines A a and O a respectively give

the required amounts in tons of the

stresses on the bars O 2 and O 1. They
are of 15 tons and 21.2 tons. The curves
of these forces only remain to be deter-

mined in order to know whether the bars
have to sustain tension or compression.
For this purpose, as we know the course
of the force O A, which is indicated by an
arrow, we have only to follow round the
polygon of forces, which is in this case

represented by the triangle A O a A, and
to draw arrows in the directions in which
we follow the sides O a and A a. By
drawing other arrows in Fig. 3 paral-

lel to the corresponding arrows in Fig.

4, we see that the stress in the bar 2 in

Fig. 3 acts against the point 0; and
that the bar 2 has consequently to under-
go compression. Further, the force in

1 strives to pull the point towards 1,

testifying to a tensile stress. For the
sake of clearness we shall henceforth in-

dicate tension by a single and compres-
sion by a double line, both in the eleva-

tion of the "Warren girder and in the
polygon of forces. By this means the
course of the forces can be seen both in

the elevation and by comparing both
figures also in the polygon of forces. We
must observe that in the elevation the
stress acts on an extremity of the bar in

a sense opposite to that in the other.

We now come to the point 1. We have
here, besides the last determined force in

1, the unknown stresses in 1 2 and 1 3.

The stress in O 1 is given in Fig. 4 by the

line a, and its sense is now contrary to

that indicated by the arrow. Proceeding
as before, we draw O b parallel to 1 3 and
a b parallel to 1 2, and cause them to in-

tersect at b. The lines O b and a b give
the stresses in 1 3 and 1 2 of 30 tons and
21.2 tons respectively. We determine the
courses or senses of these stresses from

the known sense of 1, following round
the triangle a O b a in the direction given
by the order of these 4 letters, and we
find that the bar 1 3 is in tension and the
bar 1 2 in compression.
In the points O and 1 only 1 known

and 2 unknown forces were in action;

but in the point 2, 3 known forces (the

stresses in O 2 and 1 2 and the load of 10
tons) and the unknown stresses in the
bars 2 3 and 2 4. To ascertain these, set

off from A to C in the line A O the length
representing 10 tons and C c and b c

parallel to 2 4 and 2 3. These 2 hues
then give the magnitudes of the required
forces, because the sides of the polygon
C A a b c G are parallel and equal to the
forces acting on the point 2. They are

also taken in the right sense, which is the
reverse to the order of the letters C A
ab c G. We find that 2 3 has to sustain a
tension of 7.1 tons and 2 4a compression
of 35 tons.

The same proceeding is to be used at

the point 3 4. The 2 known forces (13
and 2 3) are already placed together in

the right curve in the diagram Fig. 4;

they are represented by the lines c b O.
The lines c d and O d, drawn parallel to

the directions of the unknown stresses

through C and O, meet each other in d
and give the stresses in the bars 3 4 and
3 5, amounting to 7.1 tons and 40 tons re-

spectively. The first is a compression,
the second a tension bar. This gives us
the strains up to the middle of the girder,

and as the girder and the load are sym-
metrical we do not require to continue
the diagram.

This Fig. 4 may be called the dia-

gram of forces. The polygons for each
connecting point in the first half of the

girder are laid down in it, and, observing

how they are combined, we find that the

polygons for the preceding points give

the forces always arranged as required

for the construction of the polygon of

forces for the following point. The whole
diagram hence contains each force only

once, while every line would have to be
drawn twice if we construct a separate

polygon of forces for each connecting

point. What makes this diagram of

forces so very useful is that there is a
minimum number of lines to be drawn,
and that the construction can be rap-

idly carried out without any liability to

error.
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CIENTiriC Schools in the United
States.—The Rensselaer Polytechnic

Institute, Troy, N. Y.—Civil, mechani-
cal, and topographical engineering and
chemistry.

The Polytechnic College of Pennsyl-
vania, Philadelphia.—Civil and mechani-
cal engineering, chemistry, mining, agri-

culture, and architecture.

The Sheffield Scientific School, Yale
College, New Haven.—Chemistry, natural

science, engineering, agriculture, me-
chanic arts.

The Lawrence Scientific School, Har-
vard University, Cambridge, Mass.

—

Chemistry, zoology, geology, botany, com-
parative anatomy and physiology, miner-
alogy and engineering.

The Chandler Scientific School, Dart-
mouth College, Hanover, N. H.—Engi-
neering, commerce, and general courses.

The University of Michigan, Ann Arbor,
Michigan.— Civil engineering, general

chemistiy, mining, natural history, and
general science.

The University of New York city,

" Professional Department."—Engineer-
ing, architecture, analytical and practical

chemistry.

The Washington University, St. Louis.

—General science, and technical course.

The Cooper Union, New York city.

—

Free night-schools of science, of art, of

design for women, and a polytechnic day-
school.

Brown University, Providence.—De-
partment of chemistry and engineering.

Massachusetts Institute of Technology,
Boston.— Mechanical, civil and topo-

graphical engineering, practical chemis-
try, geology, mining, building, and archi-

tecture, and higher general sciences.

The School of Mines, of Columbia Col-

lege, New York city.

Besides the above are the Scientific

School of the New York Free Academy,
New York city; the Collegiate and En-
gineering Institution, New York city;

the Lehigh University, technical course

;

the University of Pennsylvania, technical

course; the Worcester County Free In-

dustrial Institute, Worcester, Mass.; the

Cornell University, Ithaca, N. Y ; the

University of the South, Suwanee, Tenn.;

the Delaware Literary Institute and En-
gineering School, Franklin, N. Y., and
the School of Mines in connection with
Harvard College, Cambridge, Mass.

MENDING- Hydraulic Cylinders.—An
engineer in Berlin gives the following

as a method of effectually stopping up
a porous casting for a hydraulic press.

The cylinder is to be heated over a char-

coal fire to about 170° Fahr. It is then
to be filled up with resin and suspended
by a crane over the fire until the liquefied

resin is seen sweating through on the

outside. The excess of resin is then
poured out and the cylinder allowed to

cool, when the pores will be found com-
pletely stopped, and no water can possi-

bly pass.

LL Cars and Molasses Ships.—As the

use of barrels for transporting petro-

leum is giving place to tank cars, so the
hogshead is to be superseded by the tank
ship. The Atlantic Works at East Bos-
ton are to build an iron brig 350 tons,

which will have compartments for trans-

porting molasses in bulk. The saving of

space and non-paying load will be very
great, and this principle is likely to be
carried farther.

F OCOMOTFVE Engineers' Convention.
JJ —The October meeting at Chicago
was marked, says the " Chicago Railway
Review," by good feeling, good sense, and
temperateness. The subject of temper-
ance, so vital to this particular calling,

appears to have occupied the direct at-

tention of the members, and is specially

and hopefully referred to in the president's

report.

TTNITED STATES Railway Conductors
U Lite Insurance Company.—The con-

ductors of several important roads recent-

ly started an association thus named, at a

meeting in Cincinnati. All conductors of

good character may become members.
The Secretary and Treasurer is to receive

$100 per month, and all claims are to be re-

ferred to an executive committee of three.

PHOTOGRAPHING- interiors by the
JL aid of the magnesium light is pro-
nounced a complete success. The Prus-
sian photographic commission sent to

Aden to obtain pictures of the late eclipse,

returned by Egypt, and are obtaining fine

copies of the great monuments of art

there—among others the interiors of sub-

terranean tombs.
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PERMANENT WAY.

Bah, Joists.—The introduction of steel

rails lias been accompanied in this country

by an almost equally important and novel

improvement—a rail joint. The chair,

a mere seating for rail ends, is, let us hope,

a feature of the old system that is all pass-

ing away. When a road has traffic enough
to warrant the use of steel rails, it will

pay to make them continuous by means
of the fish joint, or its equivalent. The
fish joint, after some twenty years of in-

vention and experiment in rail-jointing,

has held its own against all competitors.

When plates and rails are both of steel,

and shaped so that the wear can be
taken up, the joint holds fast for years.

The difficulty of keeping the nuts tight

is now perfectly overcome by interposing

a piece of leather, or a washer of rubber.

Another important requirement of the
fish joint is a well-shaped rail. It is a

singular and fortunate circumstance that

a rail well adapted to fishing is also well

adapted to resisting deflection and wear.

The old low pear-headed American rail

—wasteful of material and rigid in detail,

instead of stiff as a whole—might con-
tinue in use if it cordd be fish-jointed

;

fortunately it cannot be. The only ob-
jection raised against the fish joint for

steel rails is that it requires holes to be
made in the steel. Punching holes strains

the steel and renders it liable to break
—repeated experiments prove this. But
the holes need not be piinched. The loss

of material in the fish-bolt hole—in the
neutral axis—is of no practical account.

If the holes are drilled, the material is

not strained. The Pennsylvania Steel

Yv
T
orks, and the Troy Steel Works, are

introducing machinery to drill steel rails.

Holes or nicks in the flange of a rail

—

especially a steel rail—are a hurtful loss

of material, where the greatest and worst
strain comes, and where loss of continuity
can least be spared.

The new Peeves joint—a tight clamp
upon the flanges of the rail—is getting
into considerable use with steel. The
long Reeves chair extending over two
sleepers, is also much used with steel

—

as on the Hudson Piver road. This is

more than a chair, but not tight enough
on the flanges to make the track con-
tinuous. The authorities are divided as
to the proper position for the fish-joint.

Vol. L—No. 1.-2

On the Camden and Amboy, for instance,

it is placed upon a sleeper, because, it is

said, the joint is not as stiff as the rail,

and needs this additional stvpport. On
the English roads, and the greater num-
ber of our own, the joint is placed be-
tween two sleepers to avoid the rigidity

—

the anvil action occuring when it is placed
on a sleeper. If the joint did not deflect,

the sleeper would do no more harm un-
der it than under any part of the contin-
uous rail. But as the simple fish-joint is

not as stiff as the rail, and does yield,

placing a chair and sleeper under it

aggravates the effect of the blow of the
wheel. The addition of the new Reeves
joint—the tight clamp on the flanges—to
the fish-plates, the whole being suspended
between 2 sleepers, would make the rail

practically continuous, and would avoid
the evil of rigidity.

Earthwork and Bearing Surfaces.—
" Engineering " says : Until we have
much better earthworks, which, like the
foundations of a house, can lie still and
support in perfect rest almost any load
brought upon them, we can never have
mathematically perfect railways, and until

we have these we must tolerate that needless

and extravagant increase of resistances

which attends any increase of speed above
the lowest rate of motion, an increase

from 10 pounds or so per ton at very slow
speeds on a level, to 30 pounds or 40 pounds
at 60 miles an hour. It is idle to say that

we can have no better earthworks than
we now have, or that the permanent way
can rest no more quietly than it now
does even on the best earthworks.
With the best earthwork and ballasting

there must be abundant bearing surface

of the rails on the sleepers, and of the
sleepers on the ballast. Every permanent
way engineer knows that the bearing sur-

face is now insufficient to prevent the

rails from notching upon the chairs, the

chairs from bedding themselves in the

sleepers, sometimes half way through, and
the sleepers from churning the ballast.

Mr. Eowler has found it necessary for the

tremendous traffic of the Metropolitan
(under ground) railway to abandon the

double-headed rail, with its costly access-

ories of chairs, keys, and tree-nails, and to

adopt a Vignoles (American) rail with a
base nearly G| inches wide, which is fast-

ened to the sleepers by screw bolts.

Thicker sleepers will permit the use of



18 TAN NOSTEAND'S ENGINEERING MAGAZINE.

longer sleepers, without losing the avail-

able bearing now lost in consequence of

the springing of sleepers only 5 inches

thick. Sleepers 9 feet long, 10 inches
wide, and 3 feet apart centres, give 13,200
square feet of bearing upon the ballast in

a mile of single way. Sleepers 10 feet

long, 12 inches wide, and 2 feet 3 inches
apart centres, would give 23,460 square
feet, or nearly twice as much.

Steel Rails.—But without steel rails

there could have been no great improve-
ment in the construction of permanent
way. Steel has proved itself to be incom-
parably safer than iron; from 5 to 25

times as durable ; to make a better and
smoother way, offering less resistance to

traction, and to permit of the use of still

heavier engines—the very heaviest loco-

motives which the permanent way will

bear without undue injury or wear being
always the most economical.

The steel rails on trial on most of the

leading American lines are showing re-

markable endurance, but wear can be de-

tected, and managers are comparing it

with the wear of new iron, and calcu-

lating that although steel is very satis-

factory, it can hardly come up to the

alleged endurance of 20 to 1. They
should not forget that the defect of iron

is not in its abrasion, but in its lamina-
tion at the welds. "When lamination

—

peeling once begins, the iron rail, how-
ever well it may have resisted surface

wear, soon goes to pieces. But steel is

subject to surface wear alone, it has no
welds, and is as sound after half an inch

has been ground off its tread as it was
originally.

As to what is to become of old and
worn steel rails, many people are unduly
anxious. The '

' Chicago Railway Review
"

says :
" They are useless after being used

for rails." We are not aware that this

product is in market, but we are aware
that it will bring a much higher price

than old iron rails, to be rolled down into

small merchant bars and rods. The
quality of these products will be better

than that of equally good steel, cast in

small ingots on purpose for small bars, as

they will have had all the work necessary

to reduce them from 10 or 12-inch in-

gots.

The Double-Headed Rail.—Says the
" Mechanics' Magazine "

: The objections

alleged against the double-headed rail

are that, first, it necessitates the expense
of chairs; and that, secondly, the turning
of them, in which their chief merit lies,

cannot be accomplished universally. If

every rail could always be turned, so as

really to do the duty of 2, then the in-

creased amount of work got out of the
rail would more than compensate for the
exj>ense of the chairs, and, cceteris paribus,

it would prove more economical than the
flanged description. To effect this result,

two precautionary measures must be un-
dertaken, the one to prevent the uneven-
esses and asperities which are produced
upon that portion of the rail in contact
with the chair; the other, to enable the
upper head, after being worn, to bed
evenly and steadily in the chairs. With
the ordinary chair these conditions are
not accomplished. The wooden keys
which are employed to wedge the rail

against the chair allow a small separation
to exist under the varying circumstances
occasioned by the influence of the weather.
Consequently, the passage of a train pro-
duces a successive repetition of little

shocks or concussions, which give rise,

after a certain length of time, to a notch-
ing in the lower head of the rail which
rests upon the chair. The "Mechanics'
Magazine " then describes a new plan of

interposing an elastic medium between
the rail and the chair to prevent this un-
der wear—a cushion of hard wood placed
in a pocket in the chair. The use of steel

of course decreases the rapidity of this

wear in the chairs.

Other advantages of the double-headed
rails are as follows: They are more
readily removed and replaced than flat-

footed rails, for as they are not directly

fastened to the sleepers, all that is neces-
sary is to knock away the keys and fast-

enings and lift them out of their chairs.

Similarly, new sleepers are readily sub-
stituted for the worn-out ones, as sleep-

ers and chairs can be removed together,

while another, with its chairs fixed on,

can be slipped in at once. The manufac-
ture of the double-headed rail does not
present so many difficulties as the flanged

example, and it can probably be obtained
cheaper in the market, especially when
made of steel. The double-headed rail is

better adapted for sharp curves, owing to

the greater facility it possesses for being
bent to the required radius. The flange

of the American rail, by its comparative
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large breadth, bends with difficulty, and
incurs a greater chance of being weakened
and damaged by the operation. This is

particularly the case with steel rails.

Iron Sleepers.—Our ways will never be
really permanent so long as wood is em-
ployed in their construction. The expense
of iron sleepers will, however, long prevent
their introduction, except on lines of the

heaviest traffic, and in countries where
wood cannot be obtained much cheaper.

The " Railway News" thus describes the

various systems: All the varieties of iron

permanent way may be reduced to one of

the 3 following classes : Firstly, roads car-

ried upon isolated supports, or " pot"

sleepers ; secondly, those supported by
transverse bearers ; and thirdly, those

carried upon continuous or longitudinal

supports. In Egypt, India, Brazil, and
other distant countries, pot sleepers have
answered well. A Belgian principle con-
sists of a strong horizontal transverse

sleeper of the double tee form, carrying

2 wooden blocks to serve as supports for

the ordinary rail, of whatever shape it may
be.

Three principal lines in France have
afforded a fair trial to iron roads, and se-

lected the Fraisans system, which gives a

total weight per yard run, including rails

and all fastenings, of a little over 2 cwt. I

The principle of Lecrimer, which in
|

many respects greatly resembles that just

!

quoted, has been laid down for 8 years on I

some of the Portuguese lines, and it is

still doing good service. In Prussia the
Hartwitch longitudinal road is employed
to some extent. It consists of a pair of

:

heavy contractor's rails, tied by iron

'

transversals, which carry them and rest

upon the ground, the flange of the rail

having a breadth equal to half that of the
j

height. The same principle has been
J

adopted upon portions of the Lyons Rail-
!

way, only the height of the rail is made !

equal to that of its base, which in this in-

stance rests upon the ballast similarly to

a Barlow or saddle rail. The system of

Barlow is, in fact, identical with that of

Bergeron, and so is the iron longitudinal
plan that is soon to be practically tried

in Austria.

At present it is certain that those iron
\

permanent ways which are based upon the
transverse principle have enjoyed more
favor and likewise more success than
\hose modelled after the longitudinal

method. The desideratum to be insured
in all rigid roads similar to iron ones is

the imparting of some slight degree of

elasticity, not as absolutely necessary for

the safety of the road, but to diminish
the enormous wear and tear that would
be otherwise brought both upon the rails

and the whole of the rolling stock.

Broken Rails.—A professional writer in

the "New York Times," says : There is

a comparatively inexpensive and wholly
unobjectionable device for security against

disaster by broken rails. We mention it

here, not with the slightest expectation
that it will be adopted on one mile of our
forty thousand, but that the managers
and legislators, who are maimed this win-
ter by broken rails, may contemplate
what it might have accomplished in their

case, as they he in splints all the weary
nights.

A stick or plank of oak, as deep as the

rail (say 4 inches), and 10 to 12 inches
wide, fitted to the outside of the rail,

bolted to the rail every 3 feet, and screwed
down to every cross sleeper, would, in 9
cases out of 10, if not in all cases, hold a
broken rail in place, and so prevent its

throwing off the wheels. It would also

prevent that other disaster, second only
in frequency, but not in frightfulness, to

broken rails, the spreading of the track.

The timbers should break joints at a place

where the rail has both vertical and lateral

support on a sleeper. A wooden rail,

heavy enough to support a wheel, and
tough enough to endure any probable
shock without breaking, is thus sand-
wiched with an iron or steel rail that will

endure the wear and sustain the load, but
which is liable to snap under a blow, just

in proportion to its resistance to flexure

and abrasion. Even steel, so remarkable
in its wearing qualities, and so superior
in strength and toughness, cannot be ab-
solutely guaranteed against breaking.
And the harder it is, the better it resists

wear and deflection, the more liable is it

to break. This is the law of iron and its

alloys. Hence the combination of a tough
wooden rail with a hard metal rail is in

the greatest degree economical as well as

safe.

It would be still safer to add also an
inside plank of oak, so that the rail would
be absolutely sandwiched between the
two, and so prevented from displacement,
although broken in pieces. This inner
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plank would, of course, be thinner, to

allow room for the flanges of the wheels.

The longitudinal system, a rail spiked
down to a continuous timber, instead of

bridging cross-sleepers, although objec-

tionable on economical grounds, is vastly-

safer against disaster from broken rails.

A modification of this system, somewhat
used in England, and destined, we think,

to a more extended adoption, is called the

sandwich system, and consists of a deep,

thin rail, bolted between two heavy longi-

tudinal sticks, which form the sleepers.

A rail thus secured could be broken into

bits a foot long without throwing off the

train.

The continuous rail, made in two pieces,

lying side by side, riveted together and
breaking joints, was abandoned because
the softness and structural unsoundness
of iron unfitted it for the service. Why
is not steel tried for continuous rails '?

One bar should be made extremely soft

and tough to resist the blows and strains,

the other hard to stand the abrasion.

But while the various plans that require

reconstruction have that obstacle opposed
to their introduction, the plan we first

mentioned of one or more oak planks
bolted to the sides of the rails, has, we
think, no objectionable or impracticable

features. The cost would be from $2,000
to $2,500 per mile. Its saving of damage
is likely to be as much, not to speak of

its constant and positive addition to the

strength and durability of the permanent
way, and to economical traction.

Conclusion.—" Engineering " closes the

article hereinbefore quoted as follows:

Railway engineers and railway compa-
nies must and will learn that upon the

perfection of the way depends the high-

est working economy. After expending
millions in Parliamentary struggles, mil-

lions for compensation, millions upon
earthworks, colossal bridges and viaducts,

tunnels by the mile, stations of the grand-
est dimensions and of superb architecture,

and millions for costly locomotive and
carriage stock, the question of a few thou-

sand pounds more or less per mile for

first-class permanent way is not one upon
which true economy in working and in

maintenance can be sacrificed. There are

railways enough which have cost their

£100,000 or more per mile, and plenty

that have cost £50,000, whereas the dif-

ference between the cost of a really good

as compared with an ordinary permanent
way, the platform upon which all the
functions of a railway are really dis-

charged, need not exceed £3,000 per
mile.

p EOLOGICAL Negatives.—Mr. James
vT Thompson, of Glasgow, Scotland, has
contrived a new method of producing
photographic negatives of geological speci-

mens. He saws from the stones thin slices

containing fossil remains or other speci-

mens; these when polished are so thin

and transparent that they may be used as
negatives for photographic printing upon
the usual sensitive paper. Beautiful

prints are thus obtained, having all the
fidelity of nature itself. Large numbers
of these fossil negatives have been pre-

pared by Mr. Thompson, and he has un-
dertaken to supply the British Museum
with duplicates.

E. N. SCOTT RUSSELL, son of the

famous London ship-builder, is now
engineer in charge of Messrs. Baird's

works at St. Petersburg. The works pro-

duce marine and stationary engines and
general machinery; also some 10,000 tons

of rolled iron per annum. They employ
2,000 hands.

ZEUNEE'S VALVE DIAGBAM.

Translated from Zeitschrift des Vereines Deutscher
IngeDieurs.

The great value of Zeuner's diagram
for explaining the movements and con-

struction of steam valves, induced the

author to bring it within the limits of his

lectures on mechanics, at the Polytechnic

School at Saarb-in-Vien. But the want
of the knowledge of the higher mathe-
matics amongst those addressed, did not
allow him to give the same investigation

as is published by Professor Zeuner in

his excellent book on valve gears ; a more
simple and elementary explanation was
required, and this was obtained for the

ordinary valve as well as for Meyer's ex-

pansion gear in a very simple manner.
The author brought it before a meeting
of the Society of Engineers at Saarb-in-

Vien, and a favorable reception as well as

the express wishes of the members en-

couraged him to bring it before the gen-

eral public.

The chief point of Zeuner's method
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consists, as is well known, in the deter-

mination of a simple figure, composed of

straight lines and circles, by which the

corresponding position of the valve, for

any position of the crank or of the piston,

may be easily ascertained.

In the following, the construction of

the diagram is only confirmed in an ele-

mentary manner ; as regards its prac-

tical application, the above-named book
may be itself used.

A. The diagram of the simple valve gear.

Most valves are moved by eccentrics or
cranks, and in order to simplify the ex-

pressions used, the latter may be sup-
posed. This is correct, as an eccentric
produces the same movement as a crank
correspondingly fixed, and of which the
radius is equal to the eccentricity of the
eccentric. In Fig. 1, let

A=the centre of the driving axle.

AB=the valve crank (eccentric) in its

central position.

BC=the eccentric rod.

CD=the valve rod as far as the valve
centre DE.

If now the crank moves from the posi-

tion A B into another one A F, the cor-

responding position, H J, of the centre of

the valve is obtained by describing from
the point, F, with the length of the eccen-
tric rod, B C, as a radius, an arc, and
from the point, G, where this arc crosses,

A C, marking the length of the valve rod
to the centre of the valve, equal G H.
B C is in practice always very long in

proportion to A B, and A C may be there-

fore, without committing a great error,

taken as equal to B C, and F G equal
K G ; then A K is also equal to D H, if

F K is perpendicular to A C, or the move-
ment, D H, of the valve from its central

position is equal to the base of the right-

angled triangle, A K F, of which the hy-
potenuse is always equal to the crank
radius, A B, and of which the acute angle,

A F K, is equal to the angular movement
cc of the crank.

But all right-angled triangles with the

same hypotenuse may be placed in a cir-

cle, of which this hypotenuse forms the
diameter ; constructing therefore a circle

with the crank radius, A B, as a diameter
(Fig. 2), drawing next the tangent, AL,
and laying on it the angle, L A K== cc,

from Fig. 1 ; the equality of the triangles

A K B (Fig. 2) and AKF (Fig. 1) can
very easily be proved.

The movement of the valve from its

central position corresponding to any an-

gular movement cc of the crank, is thus

very simply obtained, as the chord of the

arc, A K (Fig. 2) by laying off the angle
oc from the tangents A L. Fig. 2 gives

at first only the movement of the valve

centre towards the right hand side, for

the values of cc between and 180°
;

but by a symmetrical construction of the

circle, A K B, upon the other side of the

tangents, the corresponding movements
of the valve towards the left hand side

are obtained in a similar manner.
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Now it will be easy, by means of the

circles obtained in Fig. 2, and which may
be called briefly valve circles, to construct

a diagram, which will show for any posi-

tion of the piston crank the correspond-
ing position of the valve. In Fig. 3, let

A X be the piston crank on the dead
point, and A B the valve crank in the cor-

responding position, andX Y Z the crank
pin circle. If the angle Y A X is made a

right angle, and the angle X A V equal to

BAY, then the valve crank will be in the

position A Y, i.e., in its central position,

when the piston crank A X stands in the

position A V. Drawing now the valve

circles, as constructed in Fig. 2, so that

in Fig. 3 they touch the line A V in A
;

the corresponding movement of valve

from its central position for any other

position, A W, of the piston crank, will

be equal to that part, A K, of the radius

of the piston crank, which is also a chord
of a valve circle ; and it will be seen at

once, that the valve crank, when the

steam crank is in the position A TV, has
travelled from its central position through
the same angle, V A TV", through which
the steam crank has travelled during its

movement from A V to A TV.

B. Expansion gear with 2 valves.

The valve gear, represented in Fig. 4,

is one with an expansion and distribution

valve. Let m be the centre of the exhaust
port, n the centre of the distribution valve,

and o that of the expansion valve. From
what has been already said, it will be
easy to determine for any position of the

piston crank—the corresponding positions

of the centre n, with regard to the

centre m, and that of the centre

o, with regard to the centre m ; it

is, however, of importance to ascer-

tain in a similar manner the reciprocal

positions of the centres n and o. Thus,

in Fig. 5, let A B be the eccentric or crank
for the distribution valve in any position,

and A D that of the expansion valve in

the corresponding position, whilst A C
may represent the axes of the valve rods.

If B F and D G are penpendicular to A
C, then A F represents with sufficient ex-

actness— according to what has been
stated previously—the movement of the

distribution valve from its central posi-

tion, and A G that of the expansion valve,

and it will be thus easily seen that F G
represents the distance between the cen-

tres of the 2 valves. Drawing now also

B E perpendicular to D G, then F G=
B E, and the distance between the 2

valve centres is again given by the valve

B E as the base of a rectangular triangle

B E D, of which the hypotenuse is con-
stantly equal to D B, or to the distance

between the crank pins of the 2 valve

cranks. If A II is drawn perpendicular

to B D, the angle B D E of the rectan-

gular triangle BED vail be equal to the
angle H A F, for the sides of the 2 angles
are perpendicular to each other. Sup-
posing now the line A H to be fastened
to the 2 valve cranks, and the latter to be
rotating, the shape of the rectangular
triangle, BED, will be determined by
the known hypotenuse, B, and the cor-

responding value of the angle, H A F.

The shape of the figure is, as for example
in Fig. 6, drawn for an angle H A F=0

;

the projection from B D upon A C is then
nil, or the centres of the valves coincide.

It is now easy, in an analogous manner,
to represent, as a chord of a circle whose
diameter is B D, the movement of the

valve circle for any value of the angle H
A F. For if, in Fig. 7, A is the centre of

the piston crank, and A X its position at

the dead point, if next A B and A D are

the corresponding positions of the cranks
or eccentrics for the distribution and ex-

pansion valves, and if A H is perpendicu-
lar to B D, then suppose the axle to be
turned back through the angle H A X,
and A II will fall upon A X, or the valve

centres will coincide, and the correspond-
ing position, A V, of the steam crank will

be found, when angle X A V is made equal
to angle H A X.
Drawing now the two circles, of which

the diameters are equal to B D, so that

they touch A V in A ; for any other posi-

tion, A TV of the crank, that part A K of

it, which is situated as a chord in one of

the circles, will represent the correspond-
ing distance apart of the valve centres.

The accuracy of this will be seen, if we
consider that, while the crank passes
through the angle V A W, the line A H
removes at the same angle from A X.

OHODDY Gold is made of 100 parts
)J pure copper, 17 of pure tin, 6 of mag-
nesia, 9 of tartar of commerce, 1.6

of unslacked lime, and 3.6 of sax-ammu-
niac.
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COAL MINING.

VENTILATION MINING WITHOUT GUNPOWDER
SAFEST METHOD OF WORKING.

Condensed from the inaugural address of Mr. Elliot, President

of the North of England Institute of Miniag Engineers.

With regard to the duration of the coal

supply in Great Britain, Mr. Elliot said:

I nave no hesitation in expressing my
opinion that it depends in a great degree
upon the scientific improvements we are

able to make in our mode of ventilating

the workings. It is probable that the

ordinary means of ventilation—whether by
furnace or fan—may be aided by a change
in the force or agency employed for the

purpose of haulage and other under-
ground work. As an instance of my
meaning, I may mention that the appa-
ratus which I have introduced in South
Wales, and which by means of compressed
air used as a motive power instead of

steam, draws trams and pumps water with
complete success, is found to generate ice

in an atmosphere which is naturally hot
and oppressive. The mechanical useful-

ness of these new air-engines seems capa-

ble of indefinite extension; while, as their

cooling properties form a collateral advan-
tage arising out of their use, it is at least

possible that they may prove valuable

auxiliaries to the more regular means of

ventilation in extending the security and
promoting the healthfulness of our mines.

The difficulties of ventilation once sur-

mounted, the extent of coal at our dis-

posal is incalculably increased. The fields

to be worked below the sea on our east

and vv
rest coasts are in themselves enor-

mous, and will be for all practical pur-
poses as entirely within the reach of the

mining engineer as the ordinary workings
out of which coal is hewed. Geology in-

dicates that in many districts the coal

strata extends seaward 10 or 12 miles be-

yond the shore ; and it is my firm belief

that by sinking ventilating shafts in the

German Ocean, the coal below it may be
worked as safely and certainly as it is be-
neath where I am now standing. Nor do
I recognize any difficulty in the transport
of such coal. According to my estimates,

it would neither be more costly nor more
laborious than it has been in days gone by
to convey coal the same distance after it

was brought to the surface inland.

Mr. Elliot's next proposition aims at

revolutionizing the system under which

coal is worked. He says : It is simply
that we should abolish the use of gun-
powder in our mines, and by so doing re-

duce the number of deaths from colliery

explosions to a minimum. For more than
a quarter of a century I have steadily

looked forward to this end ; have upon
all favorable occasions agitated the sub-
ject among my engineering friends ; have
tried divers experiments ; and have
watched and tested with earnest interest

inventions which had the disuse of gun-
powder for their aim. Nearly 20 years
ago, while giving evidence in the House
of Lords, I suggested that the Govern-
ment should offer a premium to any one
who succeeded in making such discovery.

It should never be forgotten that the
existing necessity for the use of gunpow-
der is the fruitful source of colliery acci-

dents ; once abolish it, and the need for

naked lights is gone. Safety-lamps might
be devised which the pitmen could not
open. At present the phrase " safety-

lamp " is a misnomer. No lamps yet in-

vented are entirely safe. A series of ex-

periments, tried several years ago, showed
us that at a certain velocity the flame
passed all the lamp3 in existence ; and
until it is possible to send our men into

the pits with enclosed lights and cases

which are immovable, we shall not have
grappled with the difficulties arising out
of the fire-damp and gas.

The substitution of mechanical means
for blasting by gunpowder is, however,
fraught with difficulty. Our early experi-

ments were not successful ; we endeavored
to burst down the coal with quick-lime and
other substances, but failed in every in-

stance, owing to the slowness of the op-
ei'ation. I have tried, moreover, to force

down the coal by hydraulic machinery,
but failed also, through the water perco-
lating into the coal and exhausting
itself by that means. I have, however,
the satisfaction of knowing that our labors

have not been altogether lost, for their

results having been sedulously made
known among my younger engineering
friends, they in their turn have brought
their energies to bear upon the point, and
with considerable success. I have recently

seen 3 kinds of appliances for this pur-

pose, some of which are being worked at

this moment in my collieries in South
Wales, and, according to the latest re-

ports, working well. My conviction is,
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therefore, that mechanical means will very
soon make the use of gunpowder unneces-
sary ; that lights which it is possible to

explode will, in consequence, be banished
from our pits ; that our coal will be pro-
duced in a far better condition, as well as
at comparatively little risk to human life.

As a general rule, pits of a less depth
than from 60 fathoms to 80 fathoms are
almost free from gas ; at from 80 fathoms to

180 fathoms deep, gas is most dangerously
prevalent ; after the last limit has been
passed, the workings down even to 300
fathoms, again become comparatively
pure. A feasible reason for this singular
gradation is that, in the zone first named,
the gas has a natural vent at the mouth
of the pit, and by means of the various
strata through which it can filter to the
surface. At the middle zone, or point of

greatest danger, the gas has not the
same means of clearing itself, while that
generated there is augmented by the gas
ascending from the greater depths, and
the aggregate amount stagnates, to the
increased peril of those working in it.

Another reason is, that the gas generated
in coal at the lower depths is increased in

heat, owing to the additional weight of the
superincumbent strata. The heightened
temperature causes it to expand and as-

cend, and so find its way to the middle
distance, which becomes surcharged. I
have found that in this zone (80 to 180
fathoms) a sudden fall of the barometer
produces a greater increase of gas than in

either of the others—another proof how
much more it is charged.
In the zone nearest the surface the

working of seams one above the other has
not the same effect as in the other two.
But by working seam over or under seam
at the middle distance, and at the greatest
depths of all, a wonderful improvement
takes place in the condition of the coal.

The lateral workings provide the gas the

same opportunity of escaping as at the
least dangerous dep£-h. It finds its way
through the strata from the opening out
of the seams above and below, just as it

does to the surface in the first zone. The
result is that coal, which when it is first

reached is soft and crumbly, becomes
hard and firm, and workings which were
originally surcharged with gas are made
purer and more safe as the seams above
and below them are displaced. At Monk-
wearmouth, Usworth, and other deep pits,

the general improvement from this cause
has been very marked. We here see that
the principle on which many of our col-

liery leases are granted is erroneous.
These contain stipulations that all upper
seams shall be worked first. But the
clauses, designed as they are to preserve
the coal and avoid loss, defeat the object
in view. To work seam under seam and
over seam concurrently, is advantageous
both to lessor and lessee ; it insures a
purer atmosphere underground and a
better condition of coal, and therefore
merits the advocacy of all interested in
our coal-fields and the extent of their
supply.

COMPOSITION OF STEEL.

Grimor in Annales des Mines and Berg und Hiitten Zeitung.

Translated by John B. Pearse.

"What is steel? This is a question
which has of late been frequently dis-

cussed, while a satisfactory solution is

rendered diffiult by conflicting definitions

of the word steel, the distinctions of

which are too often rather theoretical

than practical.

Experience proves that pig and wrought-
iron may be produced from any ore with
great facility, and that the products vary
in quality according to the impurities of

the ores, and the methods of reduction,

as the latter do not remove all impuri-
ties in equal proportion. These products
may be soft or hard, cold or red-short,

brittle or tough, but are called pig-iron
or wrought-iron as the case may be. To
all products which do not come under
one or other of these heads the term steel

may be justly applied. Pig or cast-iron

is the raw product of the reduction of the
ore, and may be hardened when chilled

quickly. Wrought-iron includes all iron

pure and impure, and made either di-

rectly from ore or by operating on pig-

iron; wrought-iron is malleable cold and
hot, but cannot be hardened. Steel occu-
pies the middle position, and while it re-

mains entirely malleable may be hardened.
It is, then, difficult to say where the line

shall be drawn, as the series of products
is an unbroken one from the most graph-
itic impure pig-iron to the purest and
softest wrought-iron. Cast-iron merges
into steel, and becomes slightly malleable,

and steel becomes soft and similar to iron
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in many of the products classed tinder

the heads of puddle or simmer steel, etc.

These differences may be remarked as

well in the chemical constitution of the

respective materials. It is, however, dif-

ficult to determine the exact amount of

each element present, as the quantity is

so small proportionally to that of the

iron. Experience shows, however, that

the same foreign elements show them-
selves in the pig-iron, the steel, and the

wrought-iron. We find that the same
products, varying only in purity, may be
prepared from any ore, and therefore con-
sider it proper to take it for granted that

these various forms of iron are due to the

relative amounts of carbon and other ele-

ments present in them. It has long been
known that all metals are materially af-

fected by small amounts of foreign ele-

ments, and no exception to the rule is

possible in the case of iron.

Copper is greatly affected by traces of

oxygen, sulphur, or lead ; and a few
thousandths of a per cent, of iron reduce
the ductility of both zinc and tin. Fremy
has shown that a trace of bismuth or lead

makes gold as brittle as antimony. It is

further known that chrome, nickel, turg-

sten, etc., harden iron similarly to carbon.

The substances which are associated

with iron are, however, more numerous
than is generally believed. The follow-

ing may be mentioned: Carbon, silicium,

phosphorus, sulphur, arsenic, potassium,
sodium, calcium, magnesium, aluminium,
manganese, nickel, chrome, titanium, van-
adium, copper, nitrogen, and sometimes
cobalt, molybdanum, etc. It may be as-

serted with justice that pig-iron contains

some portion of every element present in

the ores from which it has been derived.

The presence of nitrogen has been
shown to be without any influence on the

formation of steel as Fremy supposed,
and the quantity of the same in steel has
been shown to be so small that its very
presence has been reasonably doubted.
Aluminium is present hi all irons smelted
from clay iron ores or any of the varieties

of black band ; these irons contain also

calcium and magnesium. Some analyses
render it probable that the silicium pres-

ent in gray irons rich in manganese is

probably chiefly combined with the lat-

ter ; the probability of such a combina-
tion is made stronger by the results ob-
tained by Brunner and Wohler, who found

that manganese may be readily alloyed
with -fi- per cent, of silicium.

Gray iron often contains more than 10
per cent, of foreign constituents, the
number of which is very great. This is

especially the case when the iron is very
graphitic and has been reduced at a great
heat. Fresenius' analyses show that
white iron (spiegeleisen) may contain
nearly 18 per cent, of other elements,
manganese and carbon with silicium be-
ing always in preponderance. These ele-

ments are reduced along with the iron
even when the latter is produced at the
lowest possible temperature, as is the case

with a number of the Styrian white irons.

Elements present in the fluxes are re-

duced into the iron, as for instance cal-

cium in considerable quantity when much
lime is used with clayey ores. Therefore
it may be stated as a general truth, that

pig-iron contains some part of all sub-

stances present in the furnace at the time
of its reduction.

With reference to the elimination of

these substances, experience proves that

only those elements may be entirely elim-

inated which possess at the same time
a great affinity for oxygen and a weak
affinity for iron. These are manganese,
calcium, magnesium, etc. Deville has
shown that aluminium is less readily

ozidizable, and that it is present in some
varieties of steel. The majority of the

varieties of steel contain in addition, sul-

phur, phosphorus, silicium, and copper
;

some French steels contain also cobalt

and nickel. Parry shows that the pud-
dled steel made at Ebbwvale contains

carbon, silicium, sulphur, phosphorus, and
manganese, and Karsten proved long ago
that the four former are contained in

every variety of wrought-iron. The com-
position of steel and wrought-iron is then

quite as complicated as that of pig-iron,

the proportions only of the respective

elements being different.

The element which takes precedence of

all others in its influence on the proper-

ties of steel is carbon. The results of the

investigation of many kinds of Swedish
and Styrian Bessemer steel show the

great influence of carbon on the respect-

ive hardness and elasticity. In Sweden,
9 sorts of Bessemer steel are distinguished

(Boman), and numbered 1, 1|, 2, 2-|, 3,

3|, 4, 4|, 5, beginning with the hardest.

Analyses made at Silianfors give the cor-
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responding percentages of carbon as in

round numbers :

No. 1 H 2 2h
2 1.75 1.50 1.25

3 3.V 4 4i 5

1 0.75 050 0.23 0.05

per cent, carbon, which percentages cor-

responded to fixed characters and varie-

ties of the steel. The absolute worth of

the steel depends also on the number and
amount of injurious elements present. It

is probable that steel made from English
and French pig-irons should contain less

carbon than Swedish or Styrian steel, in

order to possess the same welding or hard-
ening qualities.

Tunner gives the following assortment
of Styrian steel: Nos. 1, 2, 3, 4, 5, 6, 7,

with respectively 1.50, 1.25, 1.00, 0.75,

0.50, 0.25, 0.05 per cent, carbon. Tunner
had estimated by practical tests the car-

bon content of the respective numbers of

the assortment exhibited by the Heft
Works at Paris, and stated them as fol-

lows : For Nos. 2, 3, 4, 5, 6, 7, Tunner
stated respectively, 1.35, 1.15, 0.85, 0.72,

0.53, 0.11 per cent, of carbon, while ana-
lyses made at Heft showed that Nos. 3, 4,

5, 6, 7, contained respectively, 1.10—1,

0.85—0.75. 0.42, 0.25 per cent, of carbon.
A series of Neuberg bars exhibited at

Paris, contained for Nos. 1, 2, 3, 4, 5, 6,

7, respectively, 1.58—1.38, 1.38—1.12—
1.12—0.88, 0.88—0.62, 0.62—0.38, 0.38—
0.15, 0.15—0.05 per cent, of carbon. These
figures show that 0.25 per cent, of carbon
suffice to change the steel of one grade into

that of another. They fully corroborate the

old theory, according to which the grade of

steel is proportioned to the percentages
of carbon, other circumstances being the
same. The latter reservation is necessary
as other substances besides carbon affect

the hardness of steel, and the facility with
which it may be welded. Nevertheless it

is perfectly correct to state that the qual-

ities of steel depend principally upon the

percentage of carbon.
The classification of steel has been

studied with care, especially that of Bes-
semer steel, in order to be able to supply
all qualities suited to every industrial re-

quirement. In the course of these ex-

periments many interesting observations
have been made, among which that of

Vickers, that the toughness of steel de-

creases as soon as the percentage of car-

bon exceeds 1.25 per cent., is especially

interesting.

These data considered collectively show

that the iron and steel and pig-iron of
commerce are similar compounds of iron
and carbon, which always contain other
elements ; further, that the qualities of
the individual varieties depend chieily

upon their purity and the proportion of
combined carbon, and finally that an un-
broken series of products connects the
softest iron, with the least carbon, with
the different kinds of steel, and these in
turn with pig-iron. In white iron and
hardened steel all the carbon is combined,
while some carbon is present in an iso-

lated state, as graphite in gray iron and
unhardened steel. The exceptions to
these observations seem to be very few.

Caron has lately shown that hammer-
ing produces an effect on the kind of car-
bon present similar to that produced by
hardening the steel, and therefore sup-
poses that hardening facilitates the com-
bination of the carbon with the iron. I
should prefer to believe that the ham-
mering as well as the hardening prevent-
ed the separation of two bodies already
combined. It is evident from existing

data, that both in the blast furnace and
in the cementing process iron takes up
carbon- in proportion as the temperature
has been high and long continued ; if, on
the contrary, the temperature is reduced
slowly some graphite separates. The
molecules of soft bodies require a certain

time for motion. If the body is suddenly
cooled the carbon cannot isolate itself.

In my opinion, hammering causes the
same result, because it prevents the iron
and the carbon from crystallizing, as it

were, separately in cooling, but forces all

parts with great power into and through
each other. A proof of the want of har-
mony in the effects of hardening andham-
mering lies in the fact that hammering
increases, while hardening decreases the
specific gravity of steel.

pOELISS Engines.—One of 150 horse-

\J power, recently started for the Meri-
den Britannia Company, saved in a week's
trial 41.8 per cent, of coal over an engine of

the old-fashioned kind, with a consider-

able increase of load. Such results are

so common in the history of the Corliss

engine, and coal is so costly in New Eng-
land, that it is a little singular to find so

many "old-fashioned" engines still build-

ing and running there.
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PROGRESS OF THE METALLURGY OF IRON

DURING THE LAST CENTURY.

Translated Lom Berg u Hiitte:imannische Zeitung, by John
B. l'earse.

Extract from a prize essay by R. F. Stilsberg of Kongsberg,
Norway. Part relative to the blast farnace.

Smelting with Coke.—The devastation

of whole forests occasioned by improvi-
dent use of wood without replanting,

necessitated this step. The production
of iron in England diminished on account
of the scarcity of fuel by about 90 per
cent, between 1612 and 1740. Dudley
substituted coke for charcoal between the

years 1620 and 1650, but was not success-

ful on account of the opposition of other
ironmasters; it was, therefore, left for

Abr. Darby to bring coke into use be-
tween 1735 and 1740, whereby the iron
trade received a powerful impetus. The
use of coke did not spread so quickly on
the continent of Europe, partly because
wood was plentiful, and partly on account
of the quality of the products. The intro-

duction of coke had become general, how-
ever, before 1820, since which time the
production of charcoal iron has almost
entirely disappeared in Belgium, while in

Prussia it does not amount to one-tenth
of the iron produced; in Austria the
greater part of the iron is made in char-
coal furnaces, many of which also still

exist in the United States, while they are
the only variety in use in Scandinavia
and Russia, and it is only recently that
coke has been tried in Sweden.
Although the production became vastly

larger, the quality of the iron suffered,

principally from sulphur and silicium;

but it has been found that with ordinary
care a first-rate iron may be produced.
A partial use of coke or anthracite along
with charcoal yields a cheaper iron, the
quality of which does not seem to be
materially impaired.

Use of Hot Blast.—Forty years ago it

was generally believed that the cold blast

was the best on account of the greater
quantity of air forced into the furnace in

a given time. Neilson introduced the
hot blast at the Calder Iron Works in

1830, and in 1835 there were no more
cold blast furnaces at work in Scotland.
On the continent its use became general,
but for a while it fell into disrepute be-
cause the quality of the iron was made
poorer, so that it had been almost aban-
doned again, especially in Belgium, be-

fore 1843. It was found, however, that
the cause of the difficulty was not the
elevation of the temperature of the blast,

but the retention of the old methods of

working and proportions of flux, etc.

On this discovery its use became general,

and the temperature of the blast has been
steadily rising till in some places it now
reaches 1,000° or more. The high tem-
perature has been found to render the
working of the furnace more regular, ard
to save a great deal of fuel. The reduc-
tion of quality by the larger percentage
of silicium incident to the greater heat,

may be almost obviated by a proper varia-

tion of the fluxes and ores. Experience
has shown that high temperature in con-
nection with proper fluxes reduces the

amount of sulphur in iron, while the re-

duction of all phosphoric compounds in

the ores, etc., is practically as complete
with the cold as with the hot blast.

Use of Furnace Gases.—The French
developed their use from 1809 to 1836,

but the most material progress was made
by Taber du Four at Wasseralfingen in

Wiirtemberg, who applied or attempted
to apply them to almost every use to

which they have since been put, among
others to that of puddling. For the lat-

ter and similar purposes the temperature
produced by their combustion is insuffi-

cient. They are almost exclusively used
for the production of steam and heating
the blast. There have been many doubts
as to the economy of their use, but these

have been gradually dispelled by experi-

ence. There are many methods of clos-

ing the furnace top, the best of which
allow the gases to collect over the top of

the materials, and draw them out in the

centre instead of on the sides, such are

those of Coignt in France and Langen in

Germany. It is probable that the diffi-

culty experienced at several works on
closing the furnace top to draw off the

gases, and the consequent increased make
of white iron, might have been due to

other causes than the closing of the top.

Wherever the gases are used they should
be drawn out of the furnace by a chim-
ney draught, which, however, should be
no more powerful than is necessary to

overcome the resistance offered by the

apparatus to the free passage of gas.

Substitution of Wood and Coal for
Charcoal and Coke.—Wood has been sub-

stituted for charcoal with entire success;
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the cost of carriage is, however, greater

than that for charcoal where both must
be hauled. For common purposes the

use of raw coal is advisible; when, how-
ever, good quality is desired, especially

freedom from sulphur, it seems best to

coke the coal. The advantages of the

use of both wood and raw coal are chiefly

that the yield in charcoal and coke re-

spectively is increased, and that the vol-

ume of the resulting gases is greater

while the heating powers of the same
are more considerable. The use of raw
materials cooled the furnaces at first con-

siderably, and for some way down from
the throat; this difficulty was overcome
by the use of the hot blast, and so en-

larging the upper parts of the furnace

that they might correspond in capacity to

the increased dimensions of a given weight
of wood, and that where coal was used they
might permit the free passage of the as-

cending gas. In England raw coal is the

fuel most generally used ; on the conti-

nent, however, it is seldom used,

and never without admixture of coke.

Wood has been in several instances used
entirely without charcoal, but as a

rule air or kiln-dried wood is mixed with
charcoal in various proportions. In some
localities in Austria peat is substituted

for charcoal, even to the extent of two-
thirds of the whole amount, while in

America anthracite is sometimes used
with charcoal.

The economy resulting from the use of

raw fuel is considerable, but the quality

of the iron made with raw coal is often

seriously injured. Iron made from wood
is quite as good as that made from char-

coal. There are some coals, however,
which can be used raw in the furnace,

though they do not yield good coke.

Increased Size and Changed Dimensions
of the Furnace.—The small size of the

furnaces in use early in the century was
doubtless due to the use of charcoal and
an inadequate pressure of blast. On the

use of coke, etc., the furnaces were en-

larged, but principally by increasing their

height ; the old form, with narrow, per-

pendicular crucible, flat boshes and small
throat, was long retained as the best con-

struction. In 1820 the crucible was
widened considerably in England and
Sweden, and its sharp angle with the
boshes cut away (1820-1830), while the
throat was greatly widened, even up to

three-fourths the diameter of the shaft at

the top of the boshes. The propriety of

the comparatively wide throat is now gen-
' erally acknowledged. The general form
of the shaft is either that of one cone in-

|

verted upon another, with more or less

cylindrical space between them, or that
of an ellipsoid. The application of cylin-

drical shafts has remained almost local,

and the great widening of the throat pro-
posed by Truran has met with no ap-
proval : the elliptical form proposed by
Alger has not as yet given any very ex-

traordinary results. Rachette combined
the ideas of Truran and Alger in his inge-

nious furnace. This furnace is reported
to work well in the Ural Mountains, but
the only one built in Europe (for smelting
iron) has not as yet been more economi-
cal of fuel or allowed a greater production
than the old form. The experiments with
these various forms are probably not yet
ended.

Improved Roasting of the Ores.—
Roasting in heaps has been generally su-

perseded by that in variously constructed
kilns. In Sweden and Styria the furnace
gases are advantageously used to roast the
ores. Comparative trials made at various
works on the advantages of burnt over
raw limestone have led to the use of burnt
limestone. These improvements have in-

creased the yield and economy of fuel,

while they have greatly added to the cer-

tainty with which it is possible to work a
furnace.

Perfection of Machinery and Apparatus.
—Increased size has necessitated more
powerful blast engines, some of whjch are
of enormous size, and furnish wind at

very high pressures. The increased
width of throat made it necessary to per-
fect mechanical appliances for charging.

These consist in general of a section of a
cone inverted over the throat, with the
small end down ; the opening may be
closed either from below by means of a
bell, which is lowered (Parry), or from
above by means of a cylinder, which is

raised (Langen) to allow the materials to

fall into the furnace. These charging ar-

rangements also serve to collect and draw
off the gas, that of Parry indirectly, as it

merely closes the throat, while that of

Langen is so arranged that the gases are
drawn directly from its centre.

Utilization of Cinder from Puddltng and
Heating Furnaces.—(Tap and flue cin-
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der. ) Large quantities of iron were yearly

lost in these cinders, before they were re-

smelted. They should be roasted to facili-

tate reduction, and should be smelted

with a large percentage of lime. The
iron made of them is usually very cold

short, and is used to mix with better irons

in the puddling furnace, and seldom for

casting, to which purpose, however, it

would be well fitted, on account of its per-

centage of phosphorus, as it would run
thinly and yield sharp castings.

FEEIGHT LOCOMOTIVES

Compiled from '
' Engineering " and " The Railway News.

"

The present problem for great railways

is how to accommodate an enormous
freight traffic economically, and also in

combination with frequent passenger
trains at high speed. To lay other lines

for the convenience and safety of passen-

ger traffic, as has been proposed, would
be to still farther lose the use of perma-
nent way, already too little worked to pay
proportionate interest on its cost. And
where is the money coming from to build

the other lines ?

The theory and the modern practice

are in the direction of longer trains, and
consequently heavier engines. On the
Northern of France Railway, for instance,

there are tank engines of 50 tons which
haul trains of 45 laden coal trucks on
gradients of 1 in 200. Long, heavy trains

are worked at less cost per ton carried

than light trains, and railway managers
generally are making the trains as heavy
as their engines can handle, and con-
stantly increasing the weight of their

engines. In short, if 1 locomotive can
be made to do the work of 2, it is

needless to say that an immense economy
would be effected in the working of our
railway system. If the total working ex-

penses with 20 freight trains of 35 cars

each were 75 cents per mile in each direc-

tion daily, it would probably be found that

for 14 trains of 50 cars each they would not
exceed $1, the total cost for all trains

being $2.40 per mile in the former case,

and $2.24 in the latter.

But will the permanent way stand this

increased weight of engines ? Steel rails

have to a great extent rendered this prac-
tice feasible, but steel rails will wear out
in time, and the strains of heavier engines,

as now constructed, upon themselves, and
the sleepers and ballast, are very great,

and have, perhaps, reached their prac-
ticable limit. The purely locomotive en-
gineer is not so apt to see these facts as is

the civil engineer, and especially the per-

manent way engineer. The former looks

upon the permanent way as a camel's

back, fitted to bear any and all burdens,
burdens which no final straw can break.

To insure economical maintenance of

way, the weight upon engine wheels must be

diminished, or at least not increased, if

engines are made heavier. The permanent
way must be twice as strong to bear 6
tons on a wheel as would be necessary for

3 tons—earthwork, ballasting, sleepers,

chairs, and rails—everything, must be
twice as strong. And so it must be if but
2 or 4 wheels of all that are in a train

press with a force of 6 tons each, and the

100 or 200 others are loaded only to half

that weight. The line must be made for

the maximum, not for the average nor
the minimum load per wheel. The wear
or abrasion of the head of the rail is not,

it is true, dependent merely (although it

is to some extent) upon the maximum
load per wheel, and probably 2 wheels
loaded to 3 tons each will cause nearly as

much superficial wear as 1 loaded to 6

tons, although they will knock the way to

pieces to a far less extent. Another fault

of the existing types of engines is that the

weight per wheel but seldom approaches
anything like equality on all the wheels.

Of 6-coupled engines, the leading wheels
may be loaded to 7 tons each, while the

trailing wheels may bear only 5, although
6 on each of both would be preferable.

The only way to diminish the weight
per wheel of a heavy engine is, necessarily,

to increase the number of wheels. It is,

then, naturally asked, Why not attach 2

engines to the train ? Two engines, how-
ever, require 2 drivers and 2 firemen, and
a good deal of care to start and work
in concert. But, then, there is the plan
of working 2 engines footplate to foot-

plate, with but 1 driver, and possibly but
1 fireman. The objections to this plan
have been frequently pointed out, and
there is but 1 line, the Turin and Genoa,
where it has ever been resorted to. The
driver's attention, sufficiently occupied
with 1 engine, is divided between 2 of

every lever, handle, rod, or whatever else

he ordinarily has to touch—2 regulators,
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reversing- levers, brakes, steam gauges,

glass gauges, dampers, arid steam blow-
ers in chimney, 2 sets of pumps, safety

valves, cylinder cocks, blow-off cocks, and
sand boxes—at least 24 distinct claims
upon bis attention, where, with any ordi-

nary engine, he would have but 12.

The 59-ton engines on the Northern of

France, before referred to, have 12 wheels
and 4 cylinders, 2 to each group of G-

coupled wheels. But these distinct groups
are not bogies, all the axles being parallel,

although the first and last axles of each
group have considerable end play. The
wheel base, therefore, is nearly 20 ft.

long, and the engines thus strain the way
laterally, and are often breaking their

axle boxes. In any case such engines,

having, too, all, or nearly all, the compli-
cation of the double bogie engine, must
work with considerable friction.

The defects of the modern freight en-
gine are metaphorically depicted by " En-
gineering" as follows: The locomotive
of 1868 is a monster wilich all good en-
gineers should unite to destroy. He is

the stalking horse of railway bankruptcy,
the gaunt steed of railway ruin. We can
remember the locomotive shortly after he
was foaled, and when, as a colt, he beat
the devil's tattoo with his little wheels

—

heels we mean—weighing not more than
five tons on the hind pair; and he was a

4-footed locomotive then, and not a 6 or
8-footed nondescript as now. Bless his

little boiler ! He could, as he was then,

ride on the footplate of the hard-mouthed
stallions that tear over the rails now, and
they would never feel it, although the
race-course 'yclept "permanent way,"
might. But he has grown altogether too

big, and he must either have more legs

put under him or else be knocked on the
head. There is a main pair of legs to

every engine, through which it must exert

all its strength on a pull. For a strong
pull all the legs must pull together, and
all must keep exact step with each other.

This can only be secured by means of cer-

tain harness known as coupling rods;

but when more than 6 legs at most are

coupled, there is fretting and chafing.

"What with the difference in shoeing, and
in the weight on each pair of legs, there
is a constant tendency to get out of step,

which only the couphng rods can restrain.

When the beast has 8, 10, or 12 legs, as

some of them have, coupling rods may be

carried altogether too far. The weight is

well distributed, no doubt—say to 4, or,

at most, 5 tons on a hoof—but the coup-
ling rods do almost more harm than
good, and in turning. Tattenham Corner,

or, in other words, a sharp curve, the off

heels are playing mischief with everything

on that side. The fact is, very long-bel-

lied horses, of the breed we are dealing

with, will never ride well.

Dropping the metaphor, 8, 10, or 12-

coupled engines, having, therefore, neces-

sarily long wheel bases, tear the way to

pieces and themselves too. And the system
of engine building wThich requires a per-

manent way twice as strong as it is neces-

sary for the paying load, including wag-
ons, to be drawn, is, on its face, wholly
wrong, and nothing but habit and an
pJmost pagan veneration for the outward
form of the locomotive as George Ste-

phenson left it, can account for the long
continuance of a practice so palpably
vicious. With properly constructed en-

gines the permanent way need not be
made nearly so strong as now, or, if the

present strength were retained, the wear
and tear, upon the plainest principles of

action and reaction, would be very sensi-

bly diminished.

The double bogie engine of Mr. Fairlie

appears to meet the modern requirements
better than any scheme that has been put
forward. The double bogie engine, origi-

nally made, in a somewhat different form,
many years ago, at Seraing, in Belgium,
had many defects in detail which con-
demned it. In Mr. Fairlie's engine there

has been found no serious fault, except
the general charge of complication. This
engine has 12 wheels of 4 feet in diameter,
arranged in two groups, each group inde-

pendent of the other, and driven by a pair

of cylinders 18 inches in diameter with
24-inch stroke. Each bogie has a wheel-
base of 8 feet 6 inches, and this length is

practically the rigid wheel-base of the en-
gine. The total wheel-base is 32 feet 6
inches, and this gives great steadiness to

the engine, whilst, as will be seen, it does
not interfere with its flexibility. The
boiler is carried upon a cradle or carrier

frame, which is in turn supported on the

two bogie frames. The fuel and water
are carried on the engine itself, the ne-
cecessity for a tender is dispensed with,

and the whole weight carried is made
available for adhesion or grip on the rails.
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The bogies are free to swivel on their

pins, and each engine can radiate inde-

pendently of the other; so whilst passing

round even an S curve, each bogie can
accommodate itself to the direction of the

curvature without in any way interfering

with the action of the other. The boiler

has 2 barrels, each 13 feet long by 4 feet

in diameter, these barrels springing from
a central fire-box casing 10 feet 6 inches

long. The barrels contain 352 tubes, 2

inches in diameter inside, and the boiler

has altogether a total heating surface of

2.550 square feet. The grate surface is

32 square feet. Both the regulator and
the reversing gear are arranged to be
worked from either side. The tractive

power of the engines, with a cylinder

pressure of 100 pounds to the square
inch, is equal to 33,400 pounds, or equiv-

alent to drawing a gross load of 390 tons

up a gradient of 1 in 25, at a speed of 10
miles an hour. The great points in favor

of the double bogie engine are these: it

admits of at least twice (and that an
equal) subdivision of weight per wheel
attainable with an ordinary engine. If

such an extreme subdivision of weight be
not desired, then it permits of the con-
struction of a heavier and more powerful
engine, with a given weight per wheel.

So long as it has less than twice the num-
ber of wheels of an ordinary engine, it

admits of shorter individual wheel-bases,

and, indeed, this will generally hold good
even where 12 or 16 wheels are employed.
One of these engines has been at work

for some time past on the Neath and Bre-
con Railway, and Captain Tyler, who re-

ported upon its working, described its

motion over new and sharply-curved por-

tions of the line as being so free from vio-

lent motion and oscillation, as to suggest
to him the idea of "sailing." The South
Western of Ireland is about to make trial

of these engines, and another trial is to

be given to one on the Central Pacific

Railway. The engine, which has been
built by William Mason, at Taunton, will

shortly be put where its merits will be
well tested, and its results brought home
to us. At the western extremity of the
Central Pacific the line ascends from
Sacramento, at the sea level, to the sum-
mit tunnel in the Sierra Nevada, or Ne-
vada Mountains, the ascent in a distance
of 105 miles being no less than 7,042 feet,

and the average inclination, therefore, 1

in 67 for the whole distance, while for 6
miles there are gradients of 1 in 45|, or
116 feet per mile.

By another arrangement of Mr. Fair-
lie's, that of hauling the trucks or cars
from a centre draw-bar, each end work-
ing on a swivel, the largest of goods trains

may be made to follow the curves and
windings of a railway, without that risk

of being pulled off the line which too fre-

quently occurs in the case of long trains.

This arrangement will be referred to in

another article.

Meanwhile "Engineering" calls for

other designs of 50-ton engines, and
thinks there will be no difficulty in mak-
ing a 6-coupled, 20-inch cylinder engine,

with 2 feet stroke, 5 feet wheels, boiler 4
feet 9 inches diameter, 300 tubes 2 inches
by 12 feet, 30 feet area of fire-grate, and
1,800 feet of heating surface; tractive

force 16,000 pounds. Such an engine
would have but 8 tons on a wheel, if the
weights Avere properly distributed.

WILLIAM H. TALCOTT.—It is with
regret that we record the death of

this gentleman, which occurred on the
8th of December, at his residence in Jer-

sey City. For many years Mr. Talcott
has been known as among the most emi-
nent of the Civil Engineers of this coun-
try. On all matters connected with hy-
draulics, his long and successful expe-
rience has given to his opinions especial

weight and influence. It is not within
the limits of this brief notice to enumerate
the many public works with which he has
been connected. From the very beginning
of his professional life he has commanded
the esteem of all whoknewhim ; and his ex-

cellent judgment, his keen analytical pow-
ers, and unwavering probity, had placed
him in the highest ranks in the profession.

His name will always be remembered by
those who knew him as that of an accom-
plished engineer,, and a most estimable,

upright Christian gentleman.

ALGERNON ROBERTS.—Theun-
•il. timely death of Mr. Algernon Rob-
erts, of Messrs. A. & P. Roberts. Pencoyd
Iron Works, Philadelphia, will be widely
and sincerely mourned. He was one of

our active, energetic, working engineers

and managers, as well as a useful citizen

and a genial friend.
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MACHINE Tools.—One of the best feat-

ures of modern mechanical engineer-
ing is the increased weight and better

fitting of machine tools ; not simply be-

cause the work they turn out is better

done, but because it is done more cheaply.

For instance, a light planer can neither
take a heavy cut nor a true one. When
work leaves a tool, it should be finished

—subsequent hand-scraping and draw-
filing are neither beneficial nor econo-
mical. A planer can hardly be too
heavy.

Another feature of modern practice is

the use of special tools that can do one
thing rapidly and truly, instead of con-
vertible tools that can do anything. Ver-
satility is not to be condemned, but in the
extensive and regular reproduction of a

given product, the sphere of the Jack-at-
all-trades is limited.

Still another and a novel feature of

modern tool-building is the devotion of

the leading builders to various specialties

—the 2 Philadelphia shops, for instance,

that are known wherever good machine
tools are appreciated. Although they are
not relaxing their efforts in the produc-
tion of miscellaneous tools, Bement &
Dougherty make a specialty of Upright
and Horizontal Boring Machines, Shap-
ing Machines, Punching and Shearing
Machines, Cotter Drills, and Steam
Hammers. Their Boring Machine for

the Boston Navy Yard, lately illustra-

ted in various magazines, swings no
less than 24 feet by the shifting of

the uprights, and 12 feet ordinarily.

Another machine from these patterns is

constructing for the Washington Navy
Yard. We notice at these works a Shap-
ing Machine 20 feet long, with double
travelling heads, for dressing out locomo-
tive frames ; also a Pulley Turning Ma-
chine, to turn 2 at once, with round or
straight faces. Among the Steam Ham-
mers, the 250, 400, 600, and 1,000 pound
sizes, for smith shops, appear to be thor-

oughly built and well adapted to miscel-

laneous work. The frame, slide, cylin-

der, and valve-seat or chest (rotary slide

valve), are cast in 1 piece ; the anvil is

independent. A considerable improve-
ment in planers consists in casting side pro-
jections on the bed—widening it out—for
straight vertical uprights, instead of bend-
ing in the uprights at the bottom ; this

obviously stiffens the machine. Mr. Be-

ment has overhauled the 40-inch lathe,

making a very powerful, accurate, and
highly adjustable machine. The five head
is much lengthened, to give wider cones
and heavier belts. A screw feed, for screw-
cutting, is placed inside the bed, and is

used for that jmrpose alone. It is reversed

by clutches in the lathe head, instead of

reversing overhead. Another rack feed is

placed outside as usual. The lathe has
an improved adjustable rest, supported
on a heavy screw, to adjust the height of

the tool ; also a facing-feed on the rest.

Among the specialties of William Sellers

& Co. are Steam Hammers, in which their

success has been remarkable, and is else-

where referred to.

A NOVEL Squeezer.—In several of the
iron mills where the Sellers hammer

is employed, puddle balls are squeezed by
being placed on the anvil and subjected
to the powerful pressure of steam admit-
ted above the piston. The squeezing saves

much metal which would fly off under the
blow of the hammer, or which would be
crumbled off in the rotary squeezer.

When the ball is compacted by pressure,

it is patted and then hammered. This is

the practice in making puddled steel.

The manufacture of the Morrison ham-
mer, improved by Sellers, is a specialty of

Wilham Sellers & Co.'s business. The
demand for Steam Hammers of all sizes,

and especially of the smaller sizes for

railroad and smith shops, is very largely

increasing in this country, and this is a
hopeful fact for better work and economi-
cal production.

THE Siemens' Marten Process has been
successfully started at the Trenton

Iron Works, under the superintendence
of Mr. Frederick J. Slade. Commissioned
by several American steel and iron manu-
facturers to make a report on the state of

the art in Europe, Mr. Slade devoted
much time to these investigations, and es-

pecially to the study of the various new
steel processes ; he also made a valuable
contribution to the able report of Mr. A.

S. Hewitt, United States Commissioner at

the Paris Exposition. Under these aus-

pices, we may look for the rapid develop-
ment of this new and important manu-
facture.
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SHIPS OF WAR.

THE MONITOR AND THE CASEMATE SYSTEMS

COMPARED.

Abstract from various articles in " Engineering."

The advantages of the turret ship are

these

:

1. Having no masts, and having its guns
and much of its armor further inboard, it

rolls less than the broadside ship.

2. Its gun ports, being further inboard,

would not roll under water, where those

of a broadside ship, at the same angle of

inclination, would do so.

3. For the same reason, the guns rise

and fall through a less arc, and vertical

aim can thus be better taken when firing

in a sea way.
4. All its guns can be brought to bear

on either beam, as well as a portion of

them (where there are two or more tur-

rets) on each beam.
5. The training of the guns is perform-

ed independently of the gunners, and their

attention in loading, running out, aiming,

and firing, is thus less interfered with
than where the training is performed by
hand and within the battery.

6. The guns can be trained nearly

through the whole circle, upon an enemy
manoeuvring, and without turning the

ship.

7. The turret ship can fight "end on,"

with the gun or guns of one turret, and
nearly " end on" with the guns of all its

turrets.

The advantages of the broadside system
are:

1. They can carry masts and sails where
the others, with their low freeboards, can-

not safely do so. A ship with a high free-

board will roll through an angle at which
a ship with a low freeboard would capsize,

from the weight of water on one side of

the deck. Thus the broadside ship may
economize coal by setting sail where the

turret ship has no sails.

2. Broadside ships in which men are

exercised, messed, and berthed above the

water line, are more habitable, healthful,

and better lighted and ventilated than
turret ships can be while cruising. Arti-

ficial ventilation may go far, but open-air
exercise at sea is impossible.

3. The ship with a high freeboard car-

ries its guns higher oiit of water.
It is only 8 years since 4^-inch plates

would resist the best ordnance; now shot
Vol. L—No. 1.-3

and shells are thrown by 59 to 100 pounds
of powder through 5 and 6-inch plates,

and the Whitworth flat-fronted projectiles

penetrate even below water. And still

heavier armor will soon be demanded to

keep pace with artillery.

These are the respective advantages
admitted, and the conditions required,

but another important question is in dis-

pute:

The partisans of turrets also claim that

turret ships of a given displacement can
carry thicker armor than broadsides; that,

exposing a smaller surface to the enemy's
fire, they are less likely to be hit, and that

they can carry and work heavier guns.

But when these alleged advantages are ex-

amined, they will be found to be to a great
extent illusory.

It is easy to see that ships with 2 or

more turrets—the Royal Sovereign has 5

and Admiral Halsted proposes 7—can
carry very little more armor, with the

ports the same height from the water,

than broadside ships carrying the same
number of guns. Although showing but
little freeboard, the height of the armored
side of the turret ship is much more
than shows. The armor must

(
go well

down below water to provide for rise as

the coal is burned out—a rise of 2 feet

in a ship 300 by 50 feet for 500 tons of

coal.

Supposing the side armor of the turret

ship to be transferred bodily to the broad-
side ship. Then let us see how much more
of the broadside ship the turret armor
would cover. Whatever the thickness

and height of the turret, each one of them
(25 to 28 feet diam.

)
presents 80 lineal feet

for the protection of 2 guns, 160 feet (2
turrets) for 4 guns, and 240 feet (3 tur-

rets) for 6 guns. A broadside ship 50
feet wide, with ports 20 feet apart, would
enclose 4 guns at the ends and sides with
180 lineal feet of armor, and 6 guns with
220 feet. As the number of turrets is in-

creased, so is the advantage of the case-

mated ship.

This comparison supposes the same
height of sides; but even then the case-

mated ship is a high ship, and presents all

the advantages of height above water, as

far as the casemate extends.

The point, therefore, is not that one
system presents more surface for protec-

tion than the other, but how far it is best

to increase the height of armor in order
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to secure the advantage of a nigh side.

The Koenig "Wilhelm, clad with 2,800 tons,

is regarded a good design. To add 7 feet

to her height of armor, a foot thick all

round, woidd increase the weight only
some 900 tons. But it is the central bat-

tery only that requires protection for this

additional height, and a battery of 100 by
50 feet, mounting 8 of the largest guns, in-

creased 7 feet in height and a foot thick all

round, would add but 450 tons weight of

armor. The riddling of the unprotected
high sides fore and aft the battery would
be no serious matter.

Less surface presented to the enemy's
fire is an advantage claimed for the turret

system. But turrets always present half

their diameter—a well-defined mark. Ad-
miral Dahlgren reports that 8 monitors
were hit 1,030 times while firing 3,587
shot. A broadside ship may be laid at a
considerable angle of obliquity to the

enemy's fire. The port holes exposed, and
the use of port-stoppers, are the same for

both systems.

Another claim for turrets is that only
in them can the heaviest guns be worked.
The same thing was said once of the 12-2-

ton gun, now worked in broadside. The
Dunderberg works 18-ton grins in broad-
side. All that a turntable or a revolving
turret can do is to train the gun ; loading,

elevation, running out and firing, have to be
done by the same means in both cases.

And in case of the revolving turret, some
125 tons of armor has to be revolved as

well as the gun.
As to rolling : The monitors have their

side armor built out over broad shelves

projecting from the hull, and these act

like bilge keels, or really, and more effec-

tually, as side keels. These are equally

applicable to broadside ships, and would
lessen their roiling, while they would also

lessen their speed, and we are not to for-

get that such a thing as a fast monitor
never floated. Side projections, like the

"guards" or extended sponsons of the
American coasting steamers, or like even
the paddle-boxes and sponsons of paddle
steamers, greatly lessen rolling.

Again, although a war ship should be
primarily perfect fighting machine, it may
never have a chance to fight, but it must
be the home of hundreds of officers and
men for years.

The great advantage of the turret ship
—facility of manoeuvre—may be to a con-

siderable extent obtained in the broadside
ship by the use of twin screws.

But why not adopt Admiral Halsted's

plan of mounting, say a couple of turrets

on a broadside ship ? The side plating of

a 20 feet turret 7 feet high, and made of 15

inches solid iron,weighs 150 tons. With two
of the heaviest guns now in use, with roof,

central spindle revolving gear, and turret

engines, the weight would be, say 300 tons.

Two such turrets would thus weigh 600
tons, or about one-eighth of the displace-

ment of a moderate-sized iron-clad—less

than one-sixteenth that of the Northum-
berland. Yet consider for a moment what
a ship Ericsson designed and built—the
Dictator, to carry but 2 guns in a single 24
feet turret, feet high, and 15 inches thick.

That vessel is 314 feet long, 50 feet beam,
draws 21 feet water, has a tonnage of 3,000,

and, with no masts, a displacement of

probably 5,000 tons. The engines, with
100-inch cylinders and 4 feet stroke, are

to work up to 4,500 indicated horse pow-
er, and the boilers have far more grate

area and heating surface than any vessel

in the English navy. Now, when so much
in the way of hull and engine power is

provided in order to mount a single turret

weighing in all, perhaps, 300 tons, why not
carry the size of hull just far enough to

secure the great advantages of the broad-
side system; and then, if thought best,

retain the turret or turrets, placing them
just above ? Masts might or might not
be retained; but such a ship would carry

more gun power for its weight and cost,

and be more powerful for destruction
than any turret ship ever designed for the
same speed and the same thickness of

armor.
In conclusion, while admitting with re-

spect to the strictly turret ships, all the ad-
vantages they really possess, it is impos-
sible to deny that they should never, in

the forms in which Ericsson and Coles
have made them, enter into the navy in

any other capacity than as ships for coast

and harbor defence. If they are to have
high freeboards, and to be masted and
rigged, their turrets will be correspond-
ingly high, and will thus increase the un-
steadiness in a seaway. But thus improv-
ed, they would take a much better posi-

tion in a comparison with broadside ships
than they now do, and there would be
good but not urgent reasons for their in-

corporation into the navy.
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MARINE ENGINE IMPROVEMENT.

Complied from " Engineering."

The marine engine in its present most
advanced form is a splendid triumph of

practical science and mechanical skill
;

but most middle-aged engineers can re-

member when, nearly 30 years ago, thej'

thought the same of the clumsy contriv-

ances, now long since obsolete, which then
churned through the water, driving ugly
hulls at 8 knots an hour. The sim-
plest, lightest, and most economical marine
engine of A. D. 1863, is still a complicat-

ed, heavy, costly affair, which, none can
deny, needs a vast deal of improvement,
if we can only find the means of improv-
ing it.

The theoretical advantages of high pres-

sure steam, even up to 500 pounds or

1,030 pounds per square inch, and those
of extended superheating, and of the ut-

most permissible degree of expansion,

have been explained and insisted upon in

innumerable pages of mechanical litera-

ture; and, still more ably and urgently,

by the many apostles of an improved
marine engine practice, who have passed
or are now passing away. To what we
may attain in the future, none can now
pretend to say; but while it is undeniable
that the principle of very high pressure
superheated steam, with high piston speed
and a high degree of expansion, is right,

the cleverest engineers have only ap-
proached its advantages at a great dis-

tance in practice. No engineer need be
told the reasons why, for they are known
to all. At sea it would seem that, even
with surface condensation, we are never
to have pressures much above 50 pounds,
although it is encouraging to hear so
clever and so successful a marine engineer
as Mr. John Elder, of Glasgow, who has
succeeded with 50 pounds, expressing
himself confident of attaining, with the
same comparative success, a pressure very
much greater yet. It is encouraging to

find other engineers doing very well at a
six-fold rate of expansion of 30 pounds
superheated steam, in steam jacketted
cvlinders, and encom*aging to know that
Messrs. Penn's, Messrs. Maudslay's, and
Messrs. Napier's very largest engines,

are frequently run on trial, and for some
hours together, at a piston speed of from
500 feet to 600 feet per minute.

The whole question of high pressure,

say 50 pounds or 100 pounds at sea, turns
upon that of surface condensation; and it

is undeniable, that so far certain difficul-

ties attending the use of surface condens-
ers have rendered it necessary to keep
to pressures at which sea water might,
upon occasion, be employed in the same
boilers, the vacuum being then maintained
by means of an injection condenser, al-

though the air-pumps, which are suffi-

ciently large for a surface condenser, are
altogether too small to pump out injection

water. It is enough to say that whenever
the long known difficulties—such as the
furring of the condenser tubes, the accu-
mulation of oil, acidulated or otherwise,
in the boilers, or the corrosion of the
boilers themselves—are once and finally

overcome, there is nothing to prevent the
regular use of 100 pound or 150 pound
steam pressure at sea, any more than in

locomotives upon land.

With injection condensers only a given
amount of water is required for conden-
sation, and to give more only needlessly
lowers the temperature of the feed water,

besides throwing additional work upon
the air-pump, without obtaining any real

improvement of the vacuum. But with
a surface condenser the case is very dif-

ferent. With a moderate quantity of

cooling water outside the tubes, a relative-

ly large amount of tubular surface is

necessary, inasmuch as the temperature
of water rises so rapidly that it soon be-
comes nearly ineffective for the purposes
of condensation, especially if the water
be pumped from the Gulf Stream, the
Red Sea, or any other warm source of

supply. Some engineers maintain that it

requires about as much cooling surface to

get the heat out of the steam as it re-

quired of heating surface to get it in.

The usual proportion of the former to the

latter is about as 2 to 3 or 3 to 4. In any
case the quantities to be dealt with are

large. A pair of engines working to,

say 2,000 indicated horse power, would,
in moderately fair practice, require every
hour the quantity of steam that would be
evaported from 900 cubic feet of water,

or 15 cubic feet per minute. To condense
this by injection, with the water at about
60°, would require 350 cubic feet, or 10

tons of water per minute. This would
flow in from the sea; but its momentum
being extinguished in the rose of the in-

jection pipe, it would require to be lifted
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out again to the sea level, perhaps 10

feet or 15 feet, or even more; the work,

exclusive of all losses, from friction, etc.,

thus amounting to from 7 to 11 or 12

horse power. Were the same quantity of

vrater pumped through a surface condens-

er, there would be no loss of power
(disregarding that from friction, bends,

etc. ) beyond that due to the head which
would maintain the required rate of now.
If the 350 cubic feet per minute, or say

G cubic feet per second, were to be passed
through a net waterway of even 1 square

foot, it would move at the rate of but G

lineal feet per second, corresponding
practically to a head of rather more than
one foot. But much more than the or-

dinary amount of injection water is re-

quired with surface condensers. Yet on
ship board, with the surface condenser
10 feet or 15 feet below the water line,

10 or 15 times the ordinary amount
of injection water may be sent through
without any real loss of power as com-
pared with lifting out the injection water
by the air-pump. In dealing with, say

3,500 cubic feet of water per minute
(100 tons, or nearly 22,000 gallons of sea

water), only centrifugal pumps would be
reckoned admissible. No such large

quantity is required in the case we have
supposed, nor could any surface condens-
er adapted to engines of 2,000 indicated

horse power well pass such a quantity

unless the water ways between the tubes
were needlessly large. Yet it is as well to

remember the advantage which a large

volume of condensing water affords, viz.,

that it renders a less extent of condens-
ing surface necessary. The more water
the less surface, the less total bulk of con-

denser, and the less cost.

Could marine engines be run twice as

fast, they would require to be but half as

heavy. Then why not run them faster ?

Because they would wear out two rapidly;

the rubbing surfaces might heat, in spite

of all lubrication—seize, and all would go
to wreck together. This is exactly what
would have been said, 20 years or so ago,

of an attempt to run short stroke (4 feet)

screw engines at 60 revolutions per min-
ute, yet Penn's engines of that stroke,

in the Bellerophon, have been run at 75
revolutions, and so far from breaking
clown are as good as new. Mr. Stirling's

fine express locomotives, which we illus-

trated last week, running at 45 miles an

I hour, measure off 720 feet of piston per
minute by the hoiir, and give no trouble.

And were railways safe at still higher
speeds, say GO miles continuously, these

engines would as easily (as they often

now do for a few minutes) measure off

from 9G0 feet to 1,000 feet per minute, by
the hour together. Why should not
marine engines do the same ? Is it that

there is not room for a 5-feet stroke, with
a 10-feet connecting rod, and that 100
revolutions per minute are not required
for the screw ? If these are not the rea-

sons what are they? It is certain that
when we give up cast-iron pistons, of

heaven knows how many tons' weight,
when we employ hollow steel piston rods,

when we abandon the ugly round con-
necting rods and adopt steel, channelled
at the sides, thus I (or, if made to work
through water, upon wood bearings as
hereinafter suggested, they may be made
of double edged sword section), when we
adopt steel cross heads and bore out the
axis of the crank pins and throws, we
shall be enabled to run much quicker
without jar or danger of heating. Light-
ness, good workmanship, and large bear-
ing surfaces are all that is required to

permit of the highest speeds.

Why should the stern bearing have the
whole benefit of wood linings, the inven-
tion of which raised the screw engine
and screw propeller from the depths of

doubtful expediency to the summit of suc-
cess? Silver linings—even they may be
said to have been to the dark cloud
which for so many years hung over the
cause of screw propidsion. All the screw
shaft bearings, including the thrust bear-
ing, might be packed like the stern tube,
with lignumvitse, and they, with the shaft,
might be enclosed in a plate iron trunk
filled with water for 2 or 3 inches all

around the shaft, and thus the bearings
might go for months, if not for years,
without being once looked at, and with-
out the possibility of heating. And even
the main bearings and eccentric hoops
might be wood lined and worked in
water.

As to the practice of various countries,
" Engineering" concludes that the Paris ex-
position contained no better designed or
better built marine engines than those by
English builders, and instances an engine
by Penn, weighing only 75 tons, but capa-
ble of 2,100 indicated horse power; also
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that some of the French designed engines
of the Compagnie Generale Transatlan-
tique, ninning to New York, had to be re-

moved from the ships. It speaks well
of the American beam engine for com-
mercial purposes, on inland and outside
waters. This type is of course unsuited
to war service. It hopes that we Ameri-
cans may long enjoy the monopoly of

Mr. Isherwood's types of naval engines.

There is very little hope of improve-
ment, this authority further concludes,
from the use of the water jet propeller,

or from the employment of liquid fuel at

its present price.

SIEMENS' NEW PUDDLING PROCESS AND
PLANT.

FACTS AND THE0EIES.

Condensed from Mr. Siemens' paper before the British Asso-
ciation, the discussion, and the comments of the press.

Mr. Siemens set out with the state-

ment that the present process of pud-
dling was very defective, involving great

loss of metal, waste of fuel, and of human
labor, and an imperfect separation of the

two hurtful ingredients, sulphur and
phosphorus.
The molten pig iron in a puddling fur-

nace is intimately mixed with the cinder

formed in the furnace; the silicon is first

separated from the iron; the carbon only
leaves it d\u*ing the later period of ebul-

lition, and the sulphur and phosphorus
separate last, while the metal is coming
to nature. This much may be considered
proved by analysis.

The old Theory of puddling adopted
almost without investigation is plausible

enough at first sight, and is thus stated:

The pig iron when melted in the air fur-

nace, being brought in contact with the

air in its entire mass by mechanical stir-

ring, undergoes an oxidizing process ana-
logous to that which takes place in the

Bessemer converter, the oxygen of the

air taking away the silicon, carbon, and
other impurities one after the other in

proper succession. The iron ore used for

felting (American, "fixing") combines
with the silica formed by the oxidation of

the silicon in the pig iron, and forms the

puddling furnace cinder, which is charged
moreover with different combinations of

the phosphorus and sulphur originally

contained in the pig iron.

Mr. Siemens' theory is that the pig iron,

when molten in the puddling furnace and
kept in contact with the fettling (which
latter may be considered to consist of
nothing but iron and oxygen) requires no
oxygen from the air for being converted
into wrought-iron. All that is required
for its decarburization and desilicatiza-

tion is an intimate contact of all the par-
ticles of iron with the liquid cinder formed
from the fettling at a high temperature.
The oxide of iron will then be decomposed
by the silicon and by the carbon existing
in the pig iron, and a large proportion of
iron will in this manner be reduced from
the ore.

Mr. Siemens goes a step further, and
proves by the evidences of all the phe-
nomena connected with the puddling pro-
cess in an ordinary furnace, that even in

presence of an oxidizing flame, the oxygen
for decarburization is taken principally

from the ore, and not from the atmos-
phere of the furnace.

Mr. Siemens' chemical reasoning is as
follows : Silicon.—In forming (by the
rabble) an intimate mechanical mixture
between the fluid cast metal and the cin-

der, the silicon in the iron is brought into

intimate contact with metallic oxide ; being
found afterwards in the form of silicic

acid (combined with oxide of iron), it

follows that it must have reduced its

equivalent of iron from the cinder to the
metallic state.

Carbon.—The disappearance of the car-

bon is accompanied by violent ebullition,

and the appearance of carbonic oxide.

The appearance of the process proves
that the combination of the carbon and
oxygen does not take place on the sur-

face, but throughout the body of the iron.

Mr. Siemens has also observed that no
oxidation of fluid cast-steel melted on the
open flame bed of a furnace, takes place
as long as it contains a particle of carbon.
Hence .he concludes (by rather a long
jump, we think) that the oxidizing action

of the flame in a puddling furnace com-
mences only after the malleable iron is

formed, and hence the oxygen of the
atmosphere of the furnace did not remove
the carbon and silicon.

As to loss in the process, Mr. Siemens
gives a calculation, the result of which is

that assuming the pig to contain 3 per
cent, of carbon and 3 per cent, of silicon,

10.5 por cent, of metallic iron should be
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added to the bath from removing the car-

bon, and 8.4 per cent, from removing the

silicon,= 12.0 per cent, or 474 pounds of

wrought-iron from a charge of 420 pounds
of pig, whereas the actual yield is 370
pounds or 12 per cent. loss. He mates
another calculation to show that 74 pounds
of cinder are necessary to produce this

54 pounds of reduced iron, and says that

this amount of cinder is considerably ex-

ceeded in practice. He quotes Dr. Percy
as to the removal ef phosphorus and sul-

phur (which are insufficient to affect the
foregoing quantitative results, however
they may affect quality) viz., that the crys-

tals of metallic iron as they form through-
out the boiling mass, exclude foreign sub-
stances just as water does in freezing

—

salt water forming ice that yields sweet
water upon remelting.

Objections to the Theory.—As to the
removal of carbon, by the cinder alone,

rather than by the aid of the oxidizing

flame, Mr. Siemens only presents a theory;
if he has facts, he has unfortunately neg-
lected to mention them; he does not say
whether he used an oxidizing or a neutral
flame in his practice. It is universally

admitted that during the earlier period of

the process, the presence of free oxygen
is an advantage; it stimulates and facili-

tates the process, and entails no danger
of oxidizing or burning the iron itself.

The excellent results of the Richardson
process of puddling—the tubular rabble

to supply air, certainly show a decided
action resulting from the atmosphere of

the furnace.

As to the theory of removing silicon

without the aid of an oxidizing flame, it is

objected (in "Engineering") as follows:

The analyses of a puddling furnace
charge in its various stages of progress
show that the siliciuxn is removed at the

earliest stage, and that it disappears
slowly and gradually during the process
of melting and stirring, and before the

commencement of the "boil." At that

period the fettling is not melted, nor can
it melt until it is converted into a silicate

by the combination of the oxide of iron
with the silica formed from the silicium

in the bath. Silicium can take oxygen
even from a neutral flame by decompos-
ing the carbonic acid of the flame, but
we have no evidence of its capability of

reducing oxide of iron when in contact
with it at a high temperature. On the

contrary, it is known that a bath of pig iron

when kept in contact at a high tempera-
ture with a slag of silicates, will reduce
silicium from th;it slag at the expense of

the carbon contained in the liquid pig
iron. This property, too, is the cause of

the difficulty which exists in the puddling
process, and also in the Bessemer process

to remove all silicon from the pig iron

when the latter contains a very high
percentage of that substance.

In reply to this Mr. Siemens states

("Engineering," October 2) the results

of experiments showing that no silicon is

taken up by the fluid cast metal in con-
tact with silica or silicates. He charged
10 cwt. of Acadian pig metal and 1 cwt.

broken glass upon the bed of a regenera-
tive gas furnace (usually employed for

melting steel upon the open hearth). The
bed of this furnace was formed of pure
silicious sand. The iron contained silicon

1.5 per cent., carbon 4 per cent. Ana-
lyses were made at the end of each hour,

the silicon gradually decreasing. The re-

duction of the silicon might be accounted
for by the presence of minute quantities

of oxides of iron produced in melting the

pig metal, which oxides were now in-

creased by the addition of hematite ore m
small doses. At the end of the fifth hour
the samples taken from the fluid bath as-

sumed a decidedly mild temper ; when
the addition of ore was stopped, and ex-

actly 6 hours after being charged, the

metal was tapped and run into ingots ; it

now contained silicon .046 per cent., car-

bon .25 per cent. Thus both the silicon

and carbon had been almost entirely re-

moved from the pig metal by mere con-
tact with metallic oxide under a protect-

ing glass covering. The quantity of red
ore added to the bath amounted to 2 cwt.,

and the weight of metal tapped to 10 cwt.

5 pounds, being slightly in excess of the
weight of pig metal charged.

We consider it probable that the advan-
tage of Mr. Siemens' practice over the
old practice is that it is performed in his

gas furnaces in which the flame is abso-
lutely under control, and that at the close

of the process it can be made an abso-
lutely neutral flame, instead of a partly or
accidentally oxidizing flame to burn up
the iron.

Mr. Siemens' new Practice is remark-
able, however undeveloped or inade-

quately explained his theories may be.
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During 18 months' working of a pud-
dling furnace at the Bolton Steel and
Iron Works, he has succeeded in making
the yield of puddled iron in many cases

fully equal to the weight of pig iron

charged into the furnace. With regard
to the economy of material, experience

had proved that an ordinary furnace re-

ceiving charges of 484 pounds, yielding

an average of 426 pounds, represents a

loss of 12 per cent.; whereas his furnace

received charges averaging 428 pounds,
and yielded 413 pounds, representing a

loss of 3.5 per cent. It was important to

observe, moreover, that his furnace turned
out 18 heats in 3 shifts, in 24 hours,

instead of only 12 heats in 24 hours,

which was the limit of production in the

ordinary furnace. The quality of the iron

produced from his furnace was also de-

cidedly superior to that from the ordi-

nary furnace. Beyond these consider-

ations the consumption of fuel was also

greatly in favor of his furnace, estimated

at 25 per cent.

The consumption of the fettling was
greater in the gas furnaces, and the

superior yield was naturally attributed

by forge managers to that cause. But
the subsequent introduction of water
bridges reduced the amount of fettling to

an ordinary proportion, and experiments
then proved that the use of his furnace

gave an average yield of fully 12 per cent.

above the ordinary furnace, while the

iron was of better quality.

The Siemens' Furnace consists of a

puddling chamber of very nearly the or-

dinary form, which, however, is heated by
means of a regenerative gas furnace, the

principle of which is well established.

The advantages of this furnace for pud-
dling are, that the heat can be raised to

an almost unlimited degree; that the

flame can be made at will oxidizing, neu-
tral, or reducing, without interfering with
the temperature; that in-draughts of air

and cutting names are avoided, and that

the gas fuel is free from pyrites and
other impurities which are carried into

the puddling chamber from an ordinary
grate. In this respect the new furnace
presents the same advantages as puddling
with charcoal.

The Siemens' furnace enables us to per-
form the operation of puddling with the
following advantages : We commence the
charge with a hot clear flame, which is

kept up until the charge is quite liquid and
raised to a very high temperature ; at that

moment we shut off the supply of gas al-

together, drawing into the furnace noth-
ing but pure atmospheric air, intensely

heated by its passage through the regener-
ators. This is an " oxidizing flame par
excellence," and its action upon the bath,

when assisted by stirring the liquid mass
with the rabble, must be rapid and effec-

tive. The next change must be effected

when the liquid mass begins to rise in the
furnace. The gas inlet must then be
opened to its full width, and a flame over-
charged with gas must be maintained to

the end of the operation.

Cost of Furnaces.—It was stated that

a pair of Siemens' furnaces cost about
£450, which was rather more than the

cost of a pair of ordinary ones; but the

gas furnaces would make one-third more
iron, which was equivalent to one-third

of the cost, and the saving in iron and
coal would more than pay the expen ie of

the furnace in one year.

FARMING MACHINERY".

The improvement of the portable steam
engine, no less than of the locomotive
steam engine, to meet the demands of

agriculture, is one of the most important
problems of the day. There are already
in England stationary engines of 100 in-

dicated horse power, employed to drag
gangs of ploughs. The application of steam
to the other operations of agriculture is

almost equally important. "Engineer-
ing " says : When all the advantages of

steam are fully understood by farmers we
may expect to see it applied on thousands
of farms where, thus far, it has never been
seen. It will be employed to mix clay

and sandy soils, assimilating the texture
of hill top lands to that of those in the

valleys. It will be employed to pump
farm and other sewage to where it ought
to be pumped for irrigation, for sheep
washing, for stone breaking, and in many
other ways. The worthy steam farmer
will be a sort of factory owner and en-
gineer-in-chief, and many of his men will

be mechanics, engine drivers, and stokers.

The great farms will be almost in a single

field, levelled where possible almost like a

drawing table. The steam farming (not

barnyard) engine can equally draw a
plough, a cultivator, a barrow, a seed drill,
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or a drain plough, and it is not clear why
it should not also draw a reaping or mow-
ing machine, provided it was made suffi-

ciently wide to render the application of

steam profitable.

There are no less than 300 steam ploughs
and cultivating sets now used in England.
"Engineering" estimates that they have
broken up and pulverized from once to

t> or 8 times, at least half a million

acres (possibly much more, for it is ex-

ceedingly difficult to form any accurate

estimate), and that in a manner never be-

fore known since ploughs were invented.

There are now ploughing engines capable
of exerting 100 indicated horse power,
and capable of putting a draught of 3 or

4 tons upon an implement at a rate vary-

ing between 3 and 4 miles an hour. With
such power any depth can be reached,

and as the disintegrating power is, by a
well-established mechanical law, as the

square of the velocity, the soil is broken
with 4 times the mechanical effect at

4 miles an hour, as in the case of a

horse-drawn plough at two miles.

The committees of the Royal Agricul-

tural Society on steam cultivation, pub-
lished in 1867, after examining some 200
steam-tilled farms, report that " A culture

deeper than it is possible for horses to

effect, works a highly beneficial change in

the texture of the soil, imparts additional

efficiency to drainage works, augments the
value of the manure applied, biings into

operation certain latent properties of the
soil, which much increases its fertility; it

also fits land, formerly unfit, for the growth
of turnips, allows of their being fed off by
sheep, the operations of the field are econ-
omized, and the growth of all crops is

stimulated." At the time of their report
steam tillage was considerably cheaper
than horse tillage. Now, the steam plough-
ing engine, rope, and other tackle, and
the attached implements, have been very
much improved, and the comparison
woidd be still more in favor of steam.

But the greatest gain is in the improved
crops due to thorough tillage, and this

may amount to an extra quarter of wheat
per acre, an extra 3 or 4 tons of tur-
nips, or something equivalent, and in

this way the average crop may be increas-

ed possibly to the extent of £10,000,000.
There are many recorded instances of

steam-ploughed fields yielding 2 or
more quarters of wheat per acre more

than fields of the same character of soil

alongside, but cultivated by horses.

Although there is probably no more
efficient and economical power than steam
for large operations, the substitution for
" one horse " operations of some safer and
more cheaply managed power than steam,

as at present generated and used, should
merit the serious consideration of the pro-
fession.

The " American Artisan" suggests also

the following important problems for agri-

cultural engineers: The development of

compound machines for preparing, by dif-

ferent changes of parts, the food for ani-

mals, whether of grain or stalk or root;

for disintegrating and preparing refuse
mineral and vegetable substances for fer-

tilizing purposes; for cleaning fields from
stones; for the rapid and efficient con-
struction of drains, and for many other
purposes which would be developed in

time, but can hardly be now foreseen.

THE Evil of Hasty Writing—The
" Round Table" commences a timely ar-

ticle on this subject with the remark that
American journalists write too much, and
states that the leader writers for the " Lon-
don Times" furnish but one to three articles

per week. Such articles are well digested,
and worth more than all the pages written
" against time." If hasty journalism is a
defect in polite and political literature,

how much graver the defect in scientific

literature. Technical articles, of all others,
should be highly matured; when loose
and hasty, and especially when spun out
to fill so much space, they are too long to
be read—practitioners cannot afford the
time—and they are likely to be incomplete
and inconclusive.

But, notwithstanding the vast increase
of trashy writing, secular and scientific,

there is a growing taste for higher literary

excellence in the one department, and a
growing and acknowledged want of more
learning as well as a better style in the
other. This taste and want exhibit them-
selves in the form of pay. The better
class of readers are making it an object
for the better class of writers to contribute
to periodical literature.

FjlHE Atlantic Works, East Boston, are
-A. building several iron steamers and
their engines, and employ 350 hands.
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RUBBER TYRES FORHIGHWAY LOCOMOTIVES.

Compiled from Accounts in the London and Edinburgh Press.

Mr. R. W. Thomson's road steamer, re-

cently tried about Edinburgh, has given
a new start to highway steam locomotion.
The improvement consists in the use of

thick tyres of India rubber, which are said

to make all roads good roads, and thus to

overcome the grand obstacle to this other-

wise most useful and economical means of

transportation.

After trying a smaller locomotive with
success, Mr. Thomson built one of 8

tons weight, having a vertical boiler, and
standing on two geared driving and two
steering wheels.

The driving tyres are made of bands of

vulcanized India rubber 15 inches wide
and 5 inches thick. This soft and elastic

substance carries the great weight of the
locomotive, without injury, over newly
broken road-ballast, broken flints, and all

kinds of sharp things, without even leav-

ing a mark on the India rubber. It does
not sink into the road in the least degree.

It passed over the stones lying on the sur-

face, and even over potatoes and carrots,

purposely laid in its path, Avithout crush-
ing them. It resembles in some degree
the feet of an elephant. As remarked by
Professor Archer, in his paper before the
British Association, both the camel and
elephant have very large soft cushions in

hard hoofs, and no other animals can
stand so much walking over hard roads.

The power required to propel the loco-

motive is very much less than what would
be required if the tyres were hard and
rigid. They do not crush nor sink into

the roadway. The machine, as it were,
floats along on the India rubber, and all

the power used in crushing and grinding
the stones under rigid tyres is entirely

saved. It might at first sight be supposed
that it would take a great deal of power
to propel a heavy carriage on soft tyres;

but if the tyres are elastic as well as soft,

the power used in compressing them in

front of the wheel is nearly all given back
as the elastic medium expands behind the
wheel. In fact, the India rubber tyres re-

quire scarcely any more power to propel
them over soft, bad roads, or over loose
gravel roads, than on the best paved
streets.

On a soft grass field, in which an ordi-

nary steam carriage would have sunk, the

rubber tyres were run without even leav-

ing a track. On a field which had just

been covered with loose earth to the depth
of 1 or 2 feet, they ran straight across

and back, without difficulty, and com-
pressed the earth so little that a walkmg
stick could easily be pushed down in the
track of the wheels.

AYhen riding on the road steamer the
feeling is like what would be experienced
in driving over a smooth grass lawn.
There is absolutely no jarring. Thus the
machinery is spared the severe trials aris-

ing from the blows and jolts to which it

is subjected when mounted on common
wheels.

There is, incredible as it may appear,

no indication of wear on the India rubber
tyres. The original surface which the
rubber had when it left the manufactory
is still visible.

The tractive powers of the machine have
surpassed all expectation. It was con-
structed to drag an omnibus, weighing,
with its load of say 80 passengers, about
4 tons, on a level road, but its capacity is

so greatly in excess of this task, that no
load placed behind it has fully tested

its power. On a road so slippery from
frost that horses had the greatest diffi-

culty in keeping on their legs, no difficulty

was found in going over the glazed sur-

face by the India rubber wheels, with a
load of 13 tons (a large boiler on a truck

)

on an incline of 1 in 12.

On one occasion, the locomotive drew
a coal train, in all 90 feet long, consisting

of 4 wagons, weighing, loaded, 32 tons,

8 miles, over grades of 1 in 16.

The steering of the locomotive while

hauling the coal train in the crowded
streets of Edinburgh, and around sharp
corners, was very successful. The hue of

streets through which it passed are al-

ways the most crowded in the city, but at

the time the train passed through these

thoroughfares there happened to be an
unusually great current of traffic passing
in a contrary direction to where some
games were going on, which gave rise to

a great stream of omnibuses, cabs, and
conveyances of every description, in addi-

tion to a great crowd of pedestrians. Not-
withstanding all these obstacles, aggrava-

ted by the streets being at some points

under repair and closed for one-half of

their width, no difficulty was experienced

in steering clear of every impediment.
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Tlie extremely curious way in which
the whole 4 wagons follow, snake like,

in the track of the road steamer was
clearly seen in passing out of North
Bridge into Leith street. First, the road
steamer had to turn to the right, and be-
fore the last wagon was round the corner
to the right, the road steamer had al-

ready turned sharp to the left to go into

Leith street—thus the train actually as-

sumed the form of the letter S, every
wagon going over the same ground as
the road steamer with the most perfect
accuracy. The very steep and crooked
descent of Leith street, which has a gra-
dient of probably 1 in 12, was managed
with perfect ease. The final manoeuvre
was turning with the whole train out of

a street 30 feet wide, into a lane 25 feet

wide, up a steep incline. It passed in at

the first trial, leaving so much space to

spare that it was found, on afterwards
measuring the wheel tracks, a width of

14 feet would have sufficed, though the
breadth of the wagons is 7 feet.

As to usefulness for Army purposes, the
" Railway News " remarks that a few of

these engines working Tip the Col de Bala-
clava might have saved many lives in the
Crimean winter of 1854, and the increased
weight of siege ordnance would now give
to an engine of this sort an importance
which it could not then have possessed.

BOILEU Explosions— The Peojecttle
Theoey. — This theory, started by

Zerah Colburn, and advocated by D. K.
Clark and others, meets with confirma-
tion occasionally, by circumstances which
no other well-defined theory will explain.

For instance, in the explosion of a boiler at

"Wustewaldersdorf bleachery in Germany,
a detailed account of which is translated
from the Journal of the Association of

German Engineers, for the " Iron Age "

of October 1, a manhole plate was blown
off from the boiler by reason of defective
bolts; a sudden liberation of a great vol-

ume of steam ensued, and an explosion
followed, tearing the seams and the solid

plate in various places.

The German writer (Mr. Heaffman) ob-
serves that explosions generally occur after

the sudden liberation of steam, and ad-
duces experiments with glass boilers, viz :

—

Opening the safety valve slowly, let off

the pressure without disturbing the water;

opening it suddenly caused such a rapid
generation of steam bubbles as to place

it in violent commotion; the pressure fell

3 pounds, and iniinecliately began to rise,

when the boiler exploded and was shat-

tered topowder. Boiling water was pump-
ed into another boiler, and then air forced

in until the boiler burst at the much high-

er pressure of 15 atmospheres, but with

less report, and no shattering.

Mr. Heaffman attributes boiler explo-

sions to electricity. But the theory is not

well defined; it is only a guess. The pro-

jectile theory, however wrong farther

knowledge may prove it, is at least well

defined, and in these and many explo-

sions there are all the conditions required

to produce it, viz. : 1st, the sudden relief

of pressure; 2d, the flashing of much
water into steam, because at a reduced
pressure it cannot exist, hot as it is, as

water; 3d, the violent escape of this steam
carrying water with it ; 4th, the instanta-

neous blows of innumerable projectiles,

large and small, of inelastic water upon
the plates, shattering them irrespective of

weak places, like the effects of cannon
shot.

LD and New Objects of Invention.—
The inventions of the last hundred

years sometimes appear more grand and
far reaching than any now being develop-

ed or demanded. But it must be remem-
bered that the old inventors had a clear

field. Everything was demanded and
nothing was done. The steam engine, the

cotton gin, the telegraph, smelting with
pit coal, the hot blast, the rifled cannon,
and all the other great inventions which
have changed the whole aspect of life,

were then unknown, and even the most
imperfect development of them was more
striking and revolutionary than the later

and really more valuable refinements
of the same inventions. And it does not
follow that less usefid work is wanted or
likely to be done now. On the contrary,

the improvements in steam power, for

instance, likely to be developed during the
next hundred years, will have a greater
money value than all that has preceded

—

perfect as the steam engine is to-day.

The old inventors were called upon to

discover and open the doors of Nature's
storehouse; the later inventors are called

upon to bring out and set in order her
wonderful secrets.
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IJIHIKTY-FEET Fan—Impboved Con-
X stbuction.—The centrifugal ventilating

fan of M. Guibal, a Belgian engineer, has
given good results after a prolonged trial

in the mines of the continent, and is now
introduced in England. It had previously
been thought advantageous to allow the
air to escape from the vanes of an ex-

hausting fan as freely as possible—hence
the univeral system of discharging round
the whole circumference. After much
careful study M. Guibal found it better

to enclose his exhausting ventilator in a
casing, allowing the escape of air at one
point only; and it was equally in accord-
ance with mathematical principles that
the adoption of this casing was followed
by the use of the peculiar chimney and
sliding shutter, which are important feat-

ures in this system.
The objections generallybrought against

centrifugal ventilators were—1st, the high
speed, and consequently heavy wear and
tear and liability to breakages; 2d, the
comparatively small depression obtained,

and the loss of useful effect by re-entries

of air—rendered greater as the depression
increased; 3d, the low percentage of use-
ful effect, which even with the best known
system abroad did not exceed 25 per cent.

The first objection has been overcome
by increasing the diameter of the venti-

lators, originally about 6 feet, and mak-
ing 400 or 500 revolutions per minute,
to 30 feet; and they are intended to be
40 feet diameter, making 60 to 80 revo-
lutions per minute. The second objec-

tion has been met by enclosing the venti-

lator in a casing, the only inlet of air

being from the mine into the centre open-
ing, and by the chimney, which is specially

constructed on the expanding principle,

and utilizes a certain amount of the
power which wotdd otherwise be carried

away by the air entering its base at the
high velocity which it has on leaving the
blades of the fan. The result of experi-

ment proves that a depression greater
than that due to the velocity of the tip

of the blade is obtained from the Guibal
ventilator; this is due to the joint action

of the " Evasee " chimney. In other cen-
trifugal ventilators the depression ob-
tained has been less than that due to the
velocity. The third objection no longer
holds when such a result as 60 per cent.

to 70 per cent, of the steam power applied
is utilized.

A fan 30 feet diameter by 10 feet wide
is driven by a direct acting single engine
with cylinder 24 inches diameter and 24
inches stroke. Fans of these dimensions
are now giving at 60 revolutions per min-
ute, a volume of 100,000 cubic feet per
minute, with a depression of 2.5 inches.

—

The Engineer.

IN-LINED Lead Pipes.—Messrs.
Broadnax & Co., in New York, and M.

Hamon, in France, are manufacturing tin-

lined pipe in large quantities, and, whilst
the inner surface insures a perfect free-

dom from all the deleterious consequen-
ces arising from the use of water brought
into contact with lead, the increased
strength obtained from the superior tena-

city of the tin enables the section to be
reduced and the pipes to be manufactured
at the same prices as ordinary lead tubing.

The operation in the American pro-
cess consists in casting a conical in-

got of pure tin, which is then bored out
to fit a mandril, the size of which corre-

sponds with the diameter of the pipe to

be produced. This ingot, after being
turned down in a lathe, placed in a re-

frigerator, and reduced to a temperature
of 12°, is set upon the mandril, which is

fitted into the ram of an hydraulic press,

and exactly in the centre of a circular

mould, into which lead is poured from
adjoining furnaces, placed on each side

of the hydraulic press. The mould is

placed within a casing kept heated to a-

temperature of 267°, to prevent the lead

from chilling and parting from the mould.
As the tin has been reduced to a temper-
ature of 12° above zero, it resists the

superior heat of the melted lead, and
only begins to change form as the former
is hardening. A perfect junction between
the two metals is thus effected without so

much fusion of the tin as would destroy

the continuity of the lining when the pipe

is drawn out. When the ingot is cold the

descending ram forces it through a die,

forming a continuous pipe, with a tin

lining, the thickness of which depends
upon the size of the central ingot.

The process of M. Hamon closely re-

sembles the American one just described.

In preparing his ingot, the inventor casts

an annular block of lead, and placing

within the central space a hollow mandril
of a less diameter than that of the hole in
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the ingot, fills it with tin, which he runs
in from the bottom of the ingot, through
the hollow mandril. The compressing
process is in all practical details identical

in each case, the main difference consist-

ing in the addition of an auxiliary

hydraulic cylinder for raising the cast-

iron block containing the matrix, through
which the pipe is forced.

—

Engineering.

TITEMIZATION of Sewage.—One of

U the greatest sources of waste in all

American and most foreign cities, is the
throwing away of the valuable fertil-

izing elements in the sewage. In China,
that semi-barbaric, but exceedingly wise
old land, the inhabitants of cities are

obliged by law and custom to return all

fecal matter to the country, where it may
be restored to the soil, from which it came
in the shape of vegetable and animal
food. But the fluid matter is not avail-

able for manurial use, and the solid mat-
ter is difficult of separation, except through
the tedious process of evaporation. A
compound (of animal charcoal, blood,

clay, alum, and some other things) has
recently been patented in England, by
which the solid material may be instantly

precipitated in a coalescent mass, which is

easily and quickly dried for manure. Some
enterprising " contractor" could make any
number of fortunes by getting hold of

such an effective process. The refructifi-

cation of soils is getting to be an import-
ant question along the Atlantic States.

—

N. Y. Times.

Another process, patented by Mr. C. G-.

Lenk, of Dresden, is a peculiar prepara-

tion of alum. In a recent experiment at

Tottenham (Eng.), 26,000 gallons of sew-
age were discharged into the tank, and
into this were gradually poured about 60

gallons of "Lenk's Patent Essence." At
first the smell was most offensive, and
nearly intolerable, but as the chemical
preparation mixed with the liquid the

odor perceptibly decreased. After some
time a remarkable change was visible in

the contents of the tank. The solid sub-

stances were precipitated to the bottom,
the water on the surface became gradually
clear, and at the end of an hour it was
found to be not only transparent, but al-

most clear, by contrast with its condition
when discharged from the sewer.

—

Ar-
tisan.

"IMPROVED Method of Testing Large
JL Pipes.—An apparatus for testing pipes

and open-ended castings has been de-

signed and recently patented by Mr.
Henry Cochrane, of Middlesborough-on-
Tees. In testing pipes by water pressure,

the usual practice has been to close the

ends by caps or bonnets, and then to

force in water until the pipe was com-
pletely filled; but in the case of pipes of

large size this system is open to two ob-

jections, the first being that, as the end
caps are subjected to an enormous press-

ure, they require very strong, and con-

sequently expensive fastenings to hold
them securely; and the second being that

a waste both of time and of water is occa-

sioned by its being necessary to fill the

entire capacity of the pipe. Mr. Coch-
rane overcomes these objections by plac-

ing a core, slightly less in diameter than
the bore, within the pipe, and then pump-
ing the water into the small annular space

between this core and the pipe itself. By
this arrangement, not only is the quan-
tity of water which it is necessary to

force in very greatly reduced, but the

end caps are also relieved to a corre-

sponding extent of the pressure to which,

under the ordinary system, they would
be subjected.

This apparatus is illustrated in "En-
gineering," October 2, 1868. The pipe is

run over the core on a carriage, and the

joints are stopped at both ends by screw-

ing a cap upon one end.

fORKING the 12-ton Gun.—Let us

now stand for a short time upon the

Seawall Battery at Shoeburyness, and
watch the Royal Artillery officer and his

"detachment" of 13 men work the 12-

ton 9-inch gun. The object they have

in view is to fire as rapidly as possible,

consistently with taking a steady aim, at

a target of only 5 feet square, moving
across the range at 1,000 yards distance.

By this means it may be ascertained how
often the gun can be discharged at a ves-

sel which the gunners are able to keep
under fire while she passes along a dis-

tance of 750 yards, at 1,000 yards dis-

tance. The gun is mounted upon a

wrought-ixon carriage with slides, the

whole being traversed upon racers. In 1

minute and 17 seconds after the first

round the gun is again loaded, laid, and
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discharged. The third round, at the same
interval of time, strikes the target,

which is then moving at the rate of 3|
miles an hour. In 4 minutes 52 sec-

onds 5 rounds have been fired. The
speed of the target is now increased from
7 to 8 miles an hour, and in 3 min-
utes 22 seconds 5 more rounds are

expended, the fourth shot hitting the tar-

get. The general result is that the gun-
ners would have placed all their ten 250-

pound shells in a small gunboat, or even
in a man-of-war's launch, in 8 minutes
and 14 seconds.—" Our Heavy Guns"
in Macmillaris Magazine.

I)
ESISTANCE of Ships due to their

\) Depth— Information wanted.—In a
paper before the Institute of Naval Archi-
tects, Professor Rankine stated that every
ship is probably accompanied by waves
whose natural speed depends on the verti-

cal depth to which she disturbs the water

;

and that consequently where the speed of

the ship exceeds that natural speed, there

is probably an additional term of resist-

ance depending on such excess. In a la-

ter paper before the British Association,

he gives some observations that prove the
existence of waves whose speed of advance
depends on the depth to which the vessel

disturbs the water. The relation between
those waves and the resistance, remains
a subject for future investigation; but to

facilitate that investigation, he calls for

farther observations, such as the measure-
ment of the angles of divergence of the
wave ridges raised by various vessels at

different speeds, and the determination
of the figures of those ridges—also the
mean depth of immersion as found by di-

viding the volume of displacement by the
area of the plane of flotation, and that not
only for the whole ship, but for her fore

and after bodies separately.

FIRE Protection and Water Supply.—
The system of Mr. B. Holly, of Lock-

port, in use in Auburn and other cities,

consists in forcing water through the pipes
of a city by powerful pumps, instead of

drawing it from reservoirs, and also in

the use of a " water telegraph" to indi-

cate where and when the supply is want-
ed. The system is very fully discussed in

the " Iron As;e" of October 15.

THE Electric Light—Berlioz electric

light, used (and exhibited in New
York) on the steamers of the General
Transatlantic Company, is said to pene-
trate the densest fog and darkness, and
to be of great value not only on deck, but
in the streets of cities. This light is pro-
duced by the burning of carbon pencils

in currents of electricity. The latter are
furnished without the use of batteries

by an apparatus consisting of 40 series

of horse-shoe magnets set in a circular

frame, within which is an axis bearing:

64 reels of copper wire, and revolving
before the magnets at the rate of 300
turns a minute. A double current of

electricity is thus induced in the copper
wires, the one direct as they approach
the poles, the other reversed after they
have passed them. No device for break-
ing the current is used, as it is found that,

though the current is interrupted at each
reversion, the light is not percej>tibly

affected unless the interruption exceeds
one-twentieth of a second.

The magnetic apparatus is about 4 feet

6 inches square; it stands in the engine
room of the St. Laurent, and is driven by
a donkey engine of 1 or 2 horse-power.
The electricity is conveyed to the lantern

by wires. The cost of the light is about
12 cents an hour; the same amount of

light by gas woidd cost 2 dollars. The
light is displayed through a Eoucault lens,

which can be turned by hand in any di-

rection, placed on the bridge above the
deck.

Some interesting experiments have late-

ly taken place in France on board the
armor-clad ship " Heroine," and also on
board the yacht " Prince Jerome," upon
the use of the electric light for signalling

purposes. The power of the light obtain-

ed was equal to 200 Carcel burners—the

Carcel being equal to 8 candles; it there-

fore follows that the electric light possess-

ed a brilliancy equal to 1,600 candles!

In the direct line of the light it was stated

as possible to read at the distance of 1,400

metres (1,531 yards) an ordinary news-
paper. It was found that signalling by
means of short and long flashes was the

most easily to be carried out. The com-
missioners on the subject report, " The
apparatus experimented upon shows a

very powerful focus of light, perfectly

suited to night signalling, or for throwing
a light over a coast or a ship. It can be
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considered as a veritable floating light,

and would then be most useful on board
the flagship of a commander-in-chief."
Of the peculiar value of this light and its

intense illuminating power, it is stated

that the yacht "Prince Jerome," fitted

with it, was enabled to steam by night
through the intricate navigation of the
Bosphorus, when the yacht belonging to

the Viceroy of Egypt was obhged to wait
until daylight.

THE ST. LOUIS BRIDGE.

The arches of the bridge commenced
by Captain Eads over the Mississippi at

St. Louis, are thus commented upon in
" Engineering."
In one respect the Mississippi bridge

differs essentially from the ordinary run
of arched bridges. Usually the spandril

filling, even if arranged vertically only,

possesses sufficient inherent stiffness, by
virtue of the rigidity of its connections
with the arched rib and horizontal girder,

to assist materially in preventing any dis-

tortion of that member when under strain.

In the instance of the Mississippi bridge
the spandril verticals are positively hing-
ed, so that not the slightest incidental

support is afforded by them to the arched
rib, the stability of which is, consequently,
since there is no horizontal girder, gov-
erned entirely by the self-contained diag-

onal bracing.

In fact, the essential part of the bridge
is a curved rectangular beam, 8 feet by
44 feet, the former dimension being the
vertical depth of the bracing, and the
other one the distance apart of the face

ribs, which are firmly tied together by
horizontal bracing. There can be no
question as to the lateral stability of the
structure, but the depth of vertical brac-
ing is so small in comparison to the span

—

8 feet to 515 feet—that it is absolutely
necessary to consider the question of

stability in that direction. Now, there
must obviously be some limit below which
the depth of the arched rib could not be
reduced, even if the load were always uni-
formly distributed, and the mathematical
position of the centre of pressure corre-
sponded with the centre line of the rib.

Thus, if the rib were but 6 inches deep,
it could no more maintain its form, for an
instant, than it would if built of ropes.
"Why a depth of 8 feet should be assumed,

as it is in the calculations, to afford pei*-

fect immunity from all disturbing forces,

we are at a loss to gu>ess.

It appears to us that an arched rib, per
se, is neither more nor less than a long
column, and that it should, consequently,

be treated as such. In a long column of

uniform cross section, subject to two equal

and opposite end forces acting at the cen-

tre of gravity of the cross section, the unit

strain would, mathematically, be uniform
throughout the entire column. Experi-
ment proves, however, that in conse-

quence of variations in the elasticity of

the material the strain is in reality very
unequally distributed over the cross

sections; so much so, that in columns of

certain length positive tension is induced
by a compressive force. Now, how it is

that in calculations concerning arched
ribs, or, in other words, curved columns,

the unit strain should be assumed uniform
if the mathematical position of the centre

of pressure at any point corresponds with

that of the centre of gravity of the cross

section at the same point, whilst in a

straight column, under similar conditions,

it is ' shown by experiment to differ eo

widely from it, is not to us apparent.

In the Mississippi bridge, the least

dimension of the column is about -g-gth of

the length ; but on account of the curva-

ture of that member, it is in effect, to a

certain extent, supported at the centre of

its length; hence the equivalent ratio will

be greater than the preceding fraction.

We have not investigated the question

minutely, but theory appears to indi-

cate that the equivalent ratio would be

faX V%=A*n of the length. If this be
so, the elastic resistance of the steel to

be employed in the bridge should have
been deduced from that of a bar 45 inches

long by 1 inch diameter, instead of from
that of a bar 12 inches long only, as

appears to have been done. In no in-

stance do we remember the breaking
strain of either a solid or hollow column
being greater than 12 1 tons per square
inch, or about one-half only the resistance

a short column of the same material

would offer. In a steel column the loss

of resistance would probably be smaller

in proportion, but it would unquestiona-

bly be far too serious in amount to be
neglected in the computations of the

strength of Mississippi bridge. We do
not mean to assert that, even if the maxi-
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mum strain were 25 per cent, greater than
stated in the report, the bridge would not

still be perfectly safe and serviceable ; but,

at the same time, we cannot account for the

omission of this important element in

calculations so refined as those instituted

for the determination of the strains on
that structure.

We cannot endorse all the statements

advanced in the report as to the superior

economy of employing iron or steel in

compression. In fact, if the reasoning
were sound, it would follow that the re-

sistance of a cylindrical boiler flue to

collapse would be greater than its resist-

ance to a bursting pressure. It is well

known, however, that even an approxima-
tion to this condition would, in practice,

be attended with fatal results. The radius

of the arched rib of the bridge we are

considering is about 84 times its depth,

so, within certain limits, it may be con-

sidered as placed under similar conditions

to a cylindrical flue 7 feet diameter, con-
structed of \ inch steel plates, and sub-

ject to external pressure. The increased
resistance which such a tube woidd offer,

if properly stiffened by diaphragms, is

well known to practical men, and precisely

analogous support would be afforded to

the arched rib if the spandrils were prop-
erly braced. Neglecting the element of

the long column, the present arrange-
ments would probably be the most econo-
mical; but if we include that in the con-
sideration, it will be found that the
increased strains from expansion, con-
traction, and deflection, due to the brac-

ing of the sandrils, will be more than
counterbalanced by the increased resist-

ance the arched rib could offer to com-
pressive strains, whilst, at the same time,

the structure would be far less liable to

vibration.

In iUustrating the bridge, "Engineer-
ing " adds the following comments : We
think a glance at the engravings will con-
vince most English engineers that the
question raised by us, as to the vertical

stiffness of the bridge, was not without
good reason. The mass of horizontal
bracing is so considerable in comparison
with that available for the prevention of

distortion of the arched rib in a vertical

plane, that at first sight it might be fairly

concluded the greatest disturbing force

was to act in a horizontal plane, whereas,
as a matter of fact, we well know the

force operating in that direction could
never amount to a tithe of the vertical

disturbing force induced by the passage
of a heavy rolling load over the bridge. In
fact, as designed, we think the St. Louis
Bridge would hardly prove less lively

than several existing suspension bridges.

CHEMICAL PREPARATION OF PAINT.

Building News.

It has been proved that the different

paints employed in the decoration and
preservation of timber, iron, and other
constructive materials, are not simple me-
chanical mixtures of oil and mineral sub-
stances but true chemical compounds, and
endowed with that closeness and intimacy
of union that invariably attends similar

combinations.
Recently, the French navy has ordered

a new process of preparing paints, to be
examined and reported upon by a special

commission. By proceeding upon a chem-
ical rather than a mechanical principle,

it is stated that paints may be manufac-
tured in any quantities in a very short
space of time, and in a simple and eco-
nomical manner, which would dispense
with the greater portion of the heavy and
expensive machinery at present required.
Any one may satisfy himself of the funda-
mental principle upon which this new
process is based. Make a small cake, of

a very fluid constituency, with some water
and a certain proportion of any of the fol-

lowing ingredients :—White zinc, minium,
or lamp black. Add to this cake a quan-
tity of linseed oil; if zinc be used the
proportion of oil will be 32 parts to 100,

if minium only 5|, and for lampblack 110
parts will be required to 100 of that sub-
stance. The mixture should be well
stirred, and after a few minutes the oil

will be found to be chemically united with
the mineral substance, and the water to

have separated and floating upon the sur-

face. This circumstance is manifestly

due to the principle of "elective affinity,"

by virtue of which the mineral substance
leaves the water and unites itself to the

oil. The water having been drawn off,

the cake is then consolidated and pressed
something after the manner in which
butter is made. The process can only be
applied to certain mineral substances,

among which are those principally used
in the manufacture of oil paints.
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The following is an outline of the pro-

posed manufacture: The color or mine-
ral substance after being finely powdered,
is mixed with a large quantity of water,

and then passed through a fine sieve or
strainer of silk. The small residue can be
repulverized in a mortar and ultimately

utilized. The chief advantage claimed
for the sieve is that it arrests many foreign

substances. This is not completely ac-

complished by the cylinders used in the

ordinary manufacture of paints. The
foreign particles are cut up very small,

but they are not crushed; after a short

time blisters rise to the surface, occasion-

ing much damage to the appearance of

the work. The mixture, after passing

through the strainer, is deposited in a

tank, where it may remain, if desirable,

for some months. After drawing-off the

greater part of the water, the proper pro-

portion of oil is added, and the mixture
thoroughry agitated. The result is that

the cake commences to form, and is pre-

cipitated to the bottom of the receptacle.

It is then pressed to drive out the re-

mainder of the water, and although a very

little may permanently remain, yet it will

not affect the value of the paint or injure

its application.

The successive steps may be summed
up as follows:—The action of the water
facilitates the minute division of the mine-
ral substance or coloring matter; that of

the strainer arrests all impurities, while

the extreme degree of division to which
the mineral has been brought favors its

ultimate combination and chemical union
with the oil. By virtue of its specific

gravity the newly formed pigment, insol-

uble in water, separates spontaneously.

THE Pboduction of Cotton Seed Oil.

. The cotton seed in its ordinary con-
dition weighs about 33 pounds per bushel,

of which about one-half is oil-yielding

kernel, and the rest husk or hull, the lat-

ter being covered with a short woolly
coat of fibres or filaments. In the usual
method of extracting the oil this hull is

removed by machinery, and the oil is ex-

pressed from the kernels by subjecting
the same to great pressure after being
ground, about 60 galloisof oil being ob-
tained from a ton of the hulled seed. The
oil weighs about 8 pounds to the gallon,

and may be used not only in the manu-

facture of soap, but for grinding paints,

and, when of first quality and properly
refined, as a table oil in the place of that
obtained from olives. One reason why
this branch of production has not thriven

better may, perhaps, be found in the em-
ployment of costly machinery, which not
only involves a large original outlay of

capital, but necessitates the consumption
of all the seed of a large neighborhood in

order to keep the apparatus constantly,

and thus profitably employed, Avhile the
most available method would appear to

involve the use of cheap and easily-oper-

ated machinery. This would enable each
proprietor to extract the oil from the seed
at such times and under such circum-
stances as might be the most convenient,

and to employ the cotton seed as manure
to nearly the same extent as if the crude
seed were buried in the earth, inasmuch
as the oil is simply a hydro-carbon, worth
comparatively little as a fertilizer, while

the pomace or oil-cake, containing the

mineral matter and substances capable of

generating ammonia, could be used for

manurial purposes.

The "American Artisan" calls the at-

tention of inventors to this subject, and
indicates the direction of improvement.

THE HYDRAULIC RAM.

Condensed from the American Artisan.

This machine, a well-known invention

of Montgolfier, is used where a consider-

able flow of water with a moderate fall is

available to raise a small portion of that

flow to a height exceeding that of the

fall.

A dam is erected across a stream so as

to form a pond. From the lower part of

the pond runs the supply-pipe, near the

end of which is a waste-valve chamber, in

the top of which is a conical waste valve

which opens downwards, and which is

large enough to pass the flow of the sup-

ply-pipe. At the end of the supply-pipe

there is a conical valve opening upwards
into an air-chamber, from the bottom of

which the discharge-pipe rises. There is

a valve on the top of this chamber which
opens inwards, and admits a small quan-
tity of air, to supply any loss caused by
its diffusion in the water.

The following is the operation:—Sup-
pose the waste valve to have been shut by



VAN NOSTRAND'S ENGINEERING MAGAZINE. 49

pressure from within the supply-pipe, and
to fall suddenly open, owing to the di-

minution of that pressure. The water
then begins to flow from the reservoir

through the supply-pipe and out at the

waste valve, with a gradually increasing

velocity. The weight and the load of the

waste valve are so adjusted that the im-
pulse of the current in the supply-pipe

upon it with the maximum velocity, causes
it suddenly to shut. Thus the flow of

water through the supply-pij)e would be
instantly checked, if it were not for the
instant opening of the valve at the end of

the supply-pipe into the air-chamber,
caused by the momentum of the water.

"When the pressure in the ah'-chamber is

equal to the pressure in the supply-pipe,

the valve between the two vessels is closed
by gravity. During the flow of water into

the air-chamber, and for a short time
after the closing of the valve, the water is

forced up the discharge-pipe by its mo-
mentum and by the pressure of air in the
air-chamber. As soon as the pressure
within the supply-pipe is reduced by the
stoppage of its flow into the air-chamber,
the waste valve opens and permits the
escape of some of the water in the supply-
pipe, and remains so until the current is

again strong enough in the supply-pipe
to close the waste valve and cause the
water to force itself again into the air-

chamber and through the discharge-pipe
to the desired elevation.

The following proportions for hydraulic
rams have been found to answer in prac-
tice:—Let h be the height above the pond
to which a portion of the water is to be
raised; H, the height of water in the pond
above the outlet of the waste valve; L,
the. length of the supply-pipe, from the
pond to the waste valve; D, its diameter;
then H=h-±-20; L=2.8 B=0.Uh; D=H
-^10=72^-200.

If Q be the whole supply of water in

cubic feet per second, of which q is lifted

to the height, h, above the pond, and Q—q
runs to waste at the depth, H, below
the pond; then the efficiency of the ram
has been found by experience to have the
following average value:

—

q)Kh~Qy^H—
two-thirds nearly.

THE CoiiSTOCK lode in Nevada, valued
now at $30,000,000, was sold by the

discoverer for a horse.

Vol. L—No. 1.—
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ECONOMY OF CLOTHING B0ILEE3.

The following are the results of some
experiments recently conducted at the

1 Newport Ironworks, Middlesborough-on-

j

Tees, to test the value of a good lagging

j

—Jones's non-conducting cement. The
I boiler (vertical) was connected with a
;
puddling furnace, and was not protected

I
by a roof. It was worked at 50 pounds
per square inch, and in the second experi-

i ment the whole of the shell, an area of
I about 280 square feet, was coated with
the composition. During the experiments
the weather was fine and warm, and the
coal used, the iron produced, the time of
the experiments, and all the other circum-
stances, were exactly similar in the two
cases. A water meter was attached to
the feed-pipe, and this showed the exact
amount of water evaporated with and
without the covering. The results were
as follows

:

Boiler not Covered.

Total water vaporized per meter, Mon-
day to Saturday, 11,090 gallons.

Total time, 126 hours=92| gallons=
14.8 cubic feet per hour.

Boiler Covered.

Total water vaporized Monday to Sat-
urday, 16,060 gallons.

Total time, 126 hours=127.5 gallons=
20.4 cubic feet per hour=5.6 cubic feet

per hour more than when the boiler was
uncovered, a difference which plainly
shows the immense loss of heat under
the latter circumstances.

Experiments by Jacob Perkins long
ago proved that in case of pipes filled with
steam at 100 pound per square inch, 100
feet of surface exposed to the atmosphere
are, under ordinary circumstances, suffi-

cient to condense per hour the steam pro-
duced by the vaporization of a cubic foot

of water.

Regarding this experiment "Engineer-
ing" says: " It will be seen that a square
foot of ordinary heating surface has about
one-fifth the heat-transmitting power of a
square foot of freely exposed cooling sur-

face; or supposing that in any given boiler

the areas of heating and cooling surface

are equal, the effect of the latter, if freely

exposed, would be to reduce the evapora-
tive efficiency of the boiler twenty per
cent.

The exposed surface of a boiler, or its

cooling surface, in no way differs from its
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heating surface; it is subject to the same
laws, and, under similar circumstances,
would produce similar effects. That a
square foot of cooling surface withdraws
from the contents of the boiler a less

amount of heat than is imparted to them
by an equal area of heating surface, is

merely due to there being a less differ-

ence between the temperature of the at-

mosphere and that of the contents of the
boiler, than there is between the latter

and temperature of the gases in the flues.

Other circumstances being equal, the
transmitting power of any given area of

boiler surface varies directly as the dif-

ference in the temperature on the two
sides of it, any increase in this difference

enabling the surface to transmit a propor-
tionately increased amount of heat in a
given time.

AN ACADEMY OF USEFUL SCIENCE.

In these days of national institutes and
guilds of letters, it is a little singular that
the practical sciences to which this age,

and this country especially, owe their pro-
gress, should not be promoted and con-
served by a national institution, not only
respectable in names and talent, but pow-
erful in wealth and numbers.

It should seem that we do not know
the foundations of our physical progress.
Were a philosopher of a previous century
to revisit the modernized earth, to observe
the revolution in every mode and attribute

of life—the dissolving and recomposing
of materials, the utilization of natural
forces, the wonders of chemistry, the feats

of engineering, the triumphs of machin-
ery, the omnipresence of iron—were he to

witness the grander features of modern
science, the splendid works and enginery
of transportation, transformation, and con-
struction—the steamship, the locomotive,
the telegraph, the iron bridge, the Besse-
mer process, the machinery of agriculture,

of water supply, of illumination, of weav-
ing, of printing, of compounding, elimi-

nating, and shaping materials for infinite

uses, of turning power into infinite chan-
nels, and the machinery that makes ma-
chinery—were he then to study the mi-
nuter and every-day relations of modern
science to life, to rest and motion, to pleas-
ure and work, to living and dying, to the
exercise of every sense and the utilization

of every perception, till the surging masses

around him should seem so many modern
Centaurs—half man, half engine—were
he then to contemplate the vast and com-
plex organization of this modern life, its

pohtical and social bearings, and the ame-
lioration of human fibre and force by in-

animate substance and power—were this

ancient philosopher to witness these mar-
vellous things, his first thought would be
of the great conservatory of their laws

and literature—the modern Athenseum in

which they are developed and organized, ,-

and he would turn to look upon the crown-
ing wonder of them all.

But he would look in vain. The greater

wonder is that modern engineering, by
which we mean, comprehensively, the

science that utilizes the forces and mate-
rials of nature, has so far advanced with-

out organized association of ideas. Each
individual or school has to a great extent

begun at the bottom of the ladder. The
hard-earned knowledge of one has been
of limited benefit to the others. One is

groping to-day for what has been the set-

tled practice of another for years. How
much labor and money have been misap-
plied to the rediscovery of what was
known, and only needed dissemination to

have turned all this labor and money to a

vaster unfolding of the unknown. How
many seeds of splendid growth have
brought forth common fruit because
planted in uncultivated ground. How
many mighty intellects and industries that

could have reared the monuments of en-

gineering to the skies, have passed away,
leaving nothing but duplicates of their

foundations.

But, upon closer inquiry, we find that the

present progress has been chiefly the de-

velopment of what previous schools had
left unfinished, and that professional lit-

erature, institutions of learning, commis-
sions, conservatories and museums, limit-

ed, local, and inadequate as they have
been, were the real organism of progress.

To supply in some degree the knowledge
of current facts and practice, each enter-

prising individual and community of

workers in engineering is sending its

agents and commissions all over the

world to find out the same thing, when
the machinery of a common institution of

engineering would send more and better

knowledge not only to every scientist, but
to every artisan. How vastly the safety

and economy of railway transportation,
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for instance, would be enhanced by the

dissemination of facts. Each one of the

ten thousand engineers engaged in its

construction, maintenance, and improve-
ment, is toiling after what some hundreds
of them know. And no hundred private

authors, investigators, and experimenters,

can meet the demand for this knowledge.
They all tread over the same ground—the

sum of their results is overwhelmed in

the volume of their concurrent testimony,

and no individual practitioner has time to

digest and utilize it. If thorough, it is

limited; if comprehensive, it is incom-
plete. Individual powers and fortunes

are inadequate. Such investigations do
not keep pace with improvement. The
good practice of this year may be bad
practice next year. The influence of

knowledge thus acquired is local and
limited. For these and other reasons it

is not only a minimum result at a maxi-
mum labor and cost, but it is not faith-

fully and literally pursued nor intelli-

gently followed.

A great central guild of engineering
would, at the cost of the present inde-

pendent investigations, present to the
world the latest facts briefly, completely,

and authoritatively. Organized research
would not go round in a circle. Each of

its Commissioners and Boards would have
its right line of investigation, its compil-
ers would separate the wheat from the
chaff, and its publications would be the
text-books of the profession. Then would
the thinkers and workers in the great arts

of engineering widen the range, elevate

the character, and magnify the usefulness
of its results, and not merely multiply the
proofs that these heights are attainable.—New York Times.

"ACHINE-MADE Watches.—The
American "Watch Company employs

over 600 operatives, and has made nearly
half a million watches. The success and
economy of the manufacture lies in the
fact that everything is done, as far as pos-
sible, by machinery.

WOOLLEN Manufacture in the West.
There are at the present more than

550 woollen mills in seven of the Western
States, having altogether a capital of about
$5,500,000. Western wool is beginning to
be consumed at home.

MARINE BOILERS.

As compared with ordinary land boilers,

the modern marine boiler is a light and
compact, if not remarkably strong struc-

ture. But if we compare it with the
locomotive boiler, it at once becomes a
hulking, clumsy contrivance, to say the
very best for it. Its weight, together with
the water contained in it, will not fall

much short of 5 cwt. for every cubic foot
of water evaporated per hour, whereas
one-third this weight answers in the loco-

motive.

When we consider how badly a thin
and nearly square box—and the shells of

nearly all marine boilers are little more
than square boxes—is calculated to with-
stand internal pressure, we perceive the
first element of weakness and consequent
weight.

When, again, we perceive what a small
proportion of tubular surface is presented
in comparison with the extensive but in-

differently effective vertical surfaces of half

inch plates, and besides these the consid-
erable surfaces under the ash-pit—gener-
ating little or no steam—there is nothing
to wonder at as to weight. Water bot-
toms were absolutely necessary in wooden
ships. Are they necessary or even desira-

ble in iron ships ? Locomotive boilers

give a good rate of evaporation without
them. Indeed, they have been tried on
locomotives without the least advantage.
And as for dividing the length of a boiler

by means of 5, 6, or 7 water legs, into

4, 5, or 6 separate and distinct furnaces,

what is the good of it? Look at the
weight of plates, the stay bolts, the angle
iron or flanging, the hand holes and the
cleaning—and all for what? No doubt
the "legs" unite the furnace crowns with
the water bottom, and if not so secured
the latter would endeavor, and no doubt
successfully, to straighten itself out, like

the hollow spring of a Bourdon gauge,
into a vertical line with the back of the
boiler. But if there was no water bot-

tom there would be no straightening ten-

dency of the kind ; and even with a water
bottom a* water front, as in a locomotive
firebox, would most effectually tie it to

the crown plate, and, still more, very
sensibly diminish the heat in the boiler

room. As to a great flat crown plate 15
feet by 7 feet, more or less, it woidd be no
more difficult to stay than the crown plates
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5 feet by 4| feet of broad gauge locomo-
tive fireboxes worked to 4 times the

pressure per square inch. Nor would
there be any difficulty in keeping the

crown plate clean. The room now taken

up by the " legs," 6 inches or more each,

would be occupied by 2 additional verti-

cal rows of tubes of hardly one-fourth

the thickness, yet presenting much more
effective surface. But if the furnaces must
be separated like pigeon holes, or little

chaples of ease, make the legs a foot

through and perforate them with 4-inch

tubes. These would give much additional

surface of the most valuable kind, and
they need not interfere with proper
cleaning.

Marine boilers made with cast-iron

ash-plates instead of water bottoms, and
having no divisions between the furnaces,

would weigh much less than at present, be
much cheaper in first cost, and would pre-

sent far more of the most effective heating
surface, viz., of horizontal plate with the
fire beneath it. The grate area would be
enlarged, narrower air spaces would suf-

fice, the draught would be better equal-

ized, thinner fires maintained, and the
" combustion chambers," or space for the
mixture of the gases with air, would be
very much increased.

All marine boiler tubes ought to taper,

being smallest at the front or smoke-box
door ; but, unfortunately, if so made,
they could not be set in the boiler, as
there would be no room to enter them at

or withdraw them from the rear end.

It would be worth while to consider
also whether some form of furnace like

the Wilson furnace could not be adopted
in connection with marine boilers. In
this case, with boilers fired athwart ship,

they could be brought very much closer

together, and the boilers on both sides

fed simultaneously from a raised stage, on
which the men could stand with comfort.
If such a furnace were found to answer
it would require feeding only through a
hopper, and no slicing of the fire, or
dragging the grate bars from beneath,
inasmuch as there are no bars, and none
but absolutely incombustible refuse.

The foregoing is from "Engineering."
"The Engineer " objects to the locomotive
boiler as difficult to place and work in a
ship, and inconvenient to repair. It says :

The more widely a boiler departs from
the well-known return fire-tube or flue

types, the more unsuitable has it proved
itself for sea-going purposes, and there-

fore only return-tube and flue boilers are
now used in the best practice. Nor is it

difficult to determine why such is the
case. Good tubular marine boilers evap-
orate as much water per pound of coal

burned as any other boiler of similar

dimensions that can be placed on board
ship, while they last much longer and
do their duty during their lifetime

with more certainty than more complex
arrangements. This may be all wrong
in theory, but it is practice. The fact

has been proved by over 20 years
of experience. It is quite true that the

marine boiler is not well calculated

to carry high-pressure steam, but it is

also true that boilers specially intended
to carry high steam are unsuitable for

use on board ship; nor has it been proved
that peculiar advantages are to be derived
from the use of very high pressures at

sea.

"The Engineer" objects to large crown
sheets as difficult to stay, unprecedented,
and difficult to keep covered with water.

To which "Engineering" responds : The
celebrated American river steamer New
World had 2 boilers and only 4 furnaces.

With a working pressure of 45 pounds
per square inch, their nearly flat crown
plates were each 10 feet 6 inches long,

thus presenting a nearly flat surface of

65 1 square feet, upon which the total

steam pressure was nearly 200 tons, or
800 tons for the 4 furnaces. The evapo-
ration, as given in Mr. Bartol's admirable
work on marine boilers, was 7 pounds of

water per pound of coal. The Isaac New-
ton had 2 boilers worked to 35 pounds
pressure, the 4 furnace crowns being each
5 feet 9 inches wide and 9 feet 6 inches
long, the length of grate being 7 feet.

This vessel, with fan blast under the grate,

burnt 50 pounds of anthracite per square
foot per hour, with an evaporation of 6.2

pounds water to the pound of coal. The
America, a steamer on the Delaware,
has a single boiler with but 2 furnaces,

each fired through 2 doors, and each
crown plate of the enormous width of 7
feet 6 inches, and of the length (for a 7
feet grate bar) of 28 feet, and the rate of

evaporation at 25 pounds pressure, is given
by Mr. Bartol as 7.82 pounds water to

the pound of coal, 29J pounds of coal

being burnt per square foot of grate per
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hour. The 2 boilers of the Bay State,

giving off steam of 25 pounds from sea

water, and running daily for a considera-

ble distance on tiie open Atlantic, have 4
furnaces with flat crowns 5 feet 6 inches

wide, and 10 feet 4 inches long, the rate

of evaporation being 5.82 pounds water
to the pound of anthracite, and the com-
bustion of the latter 38 pounds per square

foot of grate per hour. Furnace crowns
from 4 feet to 5 feet wide, and worked
under pressures of from 15 pounds to 35
pounds, and under very rapid rates of

combustion, are exceedingly common in

American practice. In Weale's " Engi-
neers' Pocket Book " for 1847-48 is a draw-
ing of a very successful boiler, in which
the crown plate of the furnace, nearly flat,

is 11 feet 6 inches wide and 9 feet 6 inches

long.

If we go from furnace crowns to grate

areas we find, on looking at the boats of

the western rivers of America, having
their 6, 7, or 8 cylindrical boilers, exter-

nally fired, and loaded from 90 pounds
to 150 pounds per square inch, single

grate areas, 4 feet long, fore and aft, and
28 feet wide athwart ship, grates of 112

square feet area and fired with 2 tons of

coal per hour. The writer once construct-

ed a number of locomotive engines to

burn anthracite coal, and the firebox en-

tirely behind the wheels, and spanning a

6 feet gauge railway, was 7 feet 6 inches

wide inside and 6 feet long in the direc-

tion of the tubes, thus presenting the

enormous area of 45 square feet.

"Engineering" concludes that if the

crown plate of a firebox were 10 miles

square, there would be no difficulty what-
ever, as long as the boiler was properly
supplied with water, in keeping it covered.

THE PRODUCTION OF OIL FROM COAL.

"When shale or coal is submitted to dis-

tillatory treatment, the most volatile porr
tions at first escape, leaving behind sub-
stances of continually decreasing volatility.

As the operation proceeds, and on an in-

crease of temperature, these are evolved
in a gaseous form unchanged, or resolved
into more volatile matters and residual

products possessing a still greater fixity.

These products vary in nature with the
temperature to which the coal is exposed,
and when it is distilled at a red heat it

yields a large quantity of gaseous and but

a small amount of liquid hydrocarbons.
The proportion of liquid products is much
greater at a lower temperature. Coal-tar
obtained from the distillation of coal
contains various basic substances, includ-
ing ammonia, aniline, diculine, chromo-
line, pyridine, toluidine, and others -pos-

sessing less importance. The acids include
acetic and rosalic, among others, but the
principal acid is carbolic or phenic.

The first products from the distillation

of the tar are gases, then follow water
and ammoniacal salts, with black oily

matter. As the process continues, the
proportion of watery products de-
creases and that of oil increases. The
products become heavier than water when
from 5 per cent, to 10 per cent, of the
original quantity has passed over in the
form of light oil. It must be remembered
that as the light oils disappear from the
still, the remaining substances become
more fixed, and a higher temperature is

required for heavier oils. As the products
increase in density, creosote, or "dead
oil," appears, naphthaline and other solid

products then become abundant, and the
oil assumes a viscid state; the final resi-

due constitutes asphalte if the distillation

be carried to a sufficient extent.

The light oils on rectification can be
made to produce a still greater portion
of heavy oil and crude naphtha. The
heavy oils contain a number of hydrocar-
bons of high boiling point. If the crudt^

naphtha be agitated, the supernatant
liquid on rectification gives rise to- highly
rectified naphtha, containing at least 4 or
5 oils, with specific gravities ranging from
.860 to .890, and with boiling points from
149° to 392° Fahr. The watery liquids

produced in the condenser during the
manufacture of gas are employed for the
production of sulphate and chloride of

ammonium by a process of concentrating,

crystallizing, and sublimating the crystals.

At the Ardsley Works, the retorts are
50 in number, and of an oval form. They
are arranged in 2 sets of 25 each. Each
retort weighs about 2| or 3 tons, attid

contains from 10 to 15 cwt. of coal. The
crude oil from the retorts is pumped into

the stills, 3 in number, each having a ca-

pacity of 1,500 gallons. A small fire is

placed under the stills, but the chief part
of the heat is communicated to the body
of the oil by means of superheated steam
in a wrought-iron pipe entering the top
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of the still and carried nearly to the

bottom, where it forms a coil, which is

perforated with small holes; steam is thus
blown into the body of the oil. The
amount of water introduced into the oil

by the condensation of the steam is in-

considerable, and is readily separated.

The distilled oil is collected in a tank
fi'om a coil laid in a cistern of cold water
in the usual way.

—

Mechanics' Magazine.

ANCIENT ROMAN MASONRY AND MORTAR,

A paper on this subject, by Mr. Spiller,

F. C. S., read before the last meeting of the
British Association, says : A more than
antiquarian interest attaches to the re-

mains of Roman constructive works in

England, as they appear to have with-

stood the ravages of time better than the

Norman and mediaeval monuments of a

later period. The walls of the Castrum
of Burgh, Suffolk, are of rubble masonry,
6 feet thick, faced with flints and layers of

red tiles. The stones are large, and the

mortar reddened by pounded brick. Al-

though the structure is estimated to be
1,500 years old, one wall, with a gate in

the centre, is still perfect throughout its

length—650 feet. The following chemical
points are discussed:

1st. To what extent the hydrate of lime

becomes recarbonated by exposure to ah?
2d. "What is the physical candition of

the carbonate so produced ? and
3d. Whether in this long interval the

silica and lime can directly unite with
each other ?

Different views on this subject have
been advanced, the prevailing opinion un-
doubtedly being that the lime never be-

comes thoroughly recarbonated, but stops

short at a point when a definite combina-
tion of hydrate and carbonate of lime is

formed; and, secondly, that lime is en-

dowed with the power of attacking sand
and other forms of insoluble silica by
long contact at the common temperature.
The conclusions of the author are, that

the lime and carbonic acid are invariably

united in monatomic proportions, as in

the original limestone rock ; and that there

is no evidence of the hydrate of lime hav-
ing at any time exerted a power of cor-

roding the surfaces of sand, flint, pebbles,

or even of burned clay, with which it

must have been for lengthened periods in

contact. Further, that the water origin-

ally combined with the lime has been en-

tirely eliminated during this process of

recarbonation; and, this stage passed, the

amorphous carbonate of lime seems to

have become gradually transformed by
the joint agency of water and carbonic

acid into more or less perfectly crystallized

deposits or concretions, by virtue of which
its binding properties must have been
very considerably augmented.

Analysis of the Roman mortar and of

the red bricks, or tiles, gave the following

results

:

Roman Mortarfrom S. E. Toiver, Burgh.

I.

Sand 54.50

Soluble silica 0.40

Red brick with some unburnt clay 18.00

Carbonate of lime 25.75*

Sulphate of lime 0.15

Carbonate of magnesia 0.08

Chloride of sodium 0.05

Magnetic oxide of iron traces

Wood charcoal traces

Water, chiefly hygroscopic 0.92

99.85

Samples of Burgh Mortar.

n. in. iv.

Sand and brick, with
)

a little unburnt ^72.3 71.4 67.0

clay )

Carbonate of lime,
27.7 28.6 33.0

etc. (by difference)

Samples II. and III. taken from the

south wall. Specimen IV. from the north
wall.

Red Brick or Tilefrom S. E. Tower, Burgh.

Silica 72.7

Alumina 14.0

Peroxide of iron 10.0

Lime 2.1

Magnesia traces

Oxide of manganese traces

Loss 1.2

100.0

GTEEL-HEADED Rails.—The Montour
O Iron Works at Danville, and Cooper
and Hewitt at Trenton, are producingpud-
dled steel-headed rails of good quality,

and filling large orders.

* Found, lime 14.5, carbonic acid 1L25 per cent.



VAN NOSTRAND'S ENGINEERING MAGAZINE. 55

IKON STEAMSHIPS AND HOW TO BUILD THEM.

The days of wooden hulls and sailing

vessels are numbered. The iron hull,

properly constructed, outlasts, perhaps,

half a dozen wooden hulls—the first iron

ships, if not running to-day, were only
broken up because they were too old-

fashioned. The iron hull greatly in-

creases strength, durability, carrying
room, and capacity for fine lines, heavy
enginery, and consequent high speed,
with a given displacement. And regu-
larity of arrival and departure, and the
consequent economical regulation of all

associated business transactions, have
rendered steamships preferable to sailing

ships, even to carry coal, which of all

freights can afford to wait. Wind costs

nothing, but time is money, and steam
and time, like power and heat, are con-
vertible terms. Few if any sailing or
wooden vessels are building in Great
Britain, and our leading constructors and
merchants admit that iron steamship
building must be the leading feature in

the resurrection of our ocean supremacy.
The history of iron ship-building in

Great Britain is full of instruction, and if

our builders are wise, they will profit, not
only by the mistakes, but by the talent

and experience of European constructors.

The early iron ships were well built, of

plentiful and good material, but not with
the greatest economy of it, and many of
them are running to-day. Their wonder-
ful endurance in sea-ways and on lea-

shores is proverbial. Afterwards the busi-
ness was overdone, just as locomotive
budding was in this country a few years
ago, and as a result cheap and bad work;
Royal Charters and Connaughts were put
afloat to the perd of money as well as life.

And at last science came to the rescue;
less material is so placed as to insure
greater strength, and people are begin-
ning to pay good prices and to get good
work out of good ships. The successful

transatlantic companies do not go to
second-class budders; they cannot afford
to run cheap ships.

There are no second-class iron ship-
builders in this country yet, and this is

the promising feature of the enterprise.
If our budders never turn out bad work,
they and our merchants and the public
will be vastly the gainers in the end. We
can better postpone iron ship-building

another decade than to lower the standard
of American work.
And stdl greater reforms and improve-

ments must be introduced. Thick plates
and costly material, piled into places
where they cannot work, must be aban-
doned. A rib placed where it can receive

a maximum strain, costs no more than a
rib placed where it is merely dead weight.
A ship is primarily a beam. As a beam
it receives every strain of the sea. Now,
a bridge or any girder made up of a thin,

light web, running from end to end, and
great vertical parts without longitudinal
connection, would hardly sustain itself.

Yet a ship so constructed is expected to

hold up the enormous weight of its un-
supported ends every time they overhang
the trough of the sea, and of its partially

supported middle every time the ends are

buried in the waves—a constant and
powerful vertical and lateral strain upon
every joint in the hull. The great strain

on a ship is the perpetual pulling apart
and shutting together of its bottom and
deck in a longitudinal direction, and yet
the greater number of iron ships have
been built without sufficiently strong bot-

toms and without any top strength ex-

cept their sides. Many ships have first

broken apart at the top sides and then
gone to pieces. Heavy, continuous iron

decks along the sides have partially reme-
died this evd. But the grand reform in

this direction is to make the frames, the

ribs of the vessel, longitudinal instead of

vertical. Now, they are chiefly studs

upon which to nail the siding. By mak-
ing them continuous from end to end,

they perform every present function and
add their enormous strength in the direc-

tion of the greatest strain, Some genius

has objected to the longitudinal rib sys-

tem because the ribs of fishes are vertical.

But while the rolling top of the sea forms
a constantly varying support for a ship, a

fish swims in a uniform medium that

would not bend a reed—not on the water,

but under it—and it has been obseiwed
that ships built like fishes have a ten-

dency to do the same thing.

Tf our iron ship-builders will place our
superior iron only where it can work, so

as to use less of it, they can at once and
successfully compete with foreign build-

ers in cost and quality, and so revive not
only our workshops, but our merchant
marine.

—

New York Times.
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PRESERVING TIMBER.

The chief cause of the decay of timber
lies in the fermentation or decomposition
of the albuminous matter contained
therein. This matter may be neutralized

by chemical agencies, as by the well-

known processes of Burnettizing, Creosot-
ing, etc., or it may be coagulated and
destroyed by heat, which also hardens
the wood. The charring plan is, however,
for obvious reasons inapplicable for gene-
ral use. The albumen may also be ex-

pelled or nullified b#" thoroughly steam-
ing the wood.

Says the " American Artisan "
: "Where

time can be allowed therefor, it will be
found quite efficacious, and more econom-
ical, to saw the timber to sizes but little

larger than those to which it is to be
wrought, and then place it, for a few weeks
or months, in a stream or pond, where
the water will gradually dissolve and
wash away the nitrogenized or albumin-
ous substances. The wood must then be
thoroughly dried slowly, as a too speedy
expulsion of the moisture would be apt
to induce checking; the ordinary method
of piling the stuff is, however, sufficient,

the pieces of timber being kept at slight

distances from each by suitable interven-

ing strips, and the whole, when possible,

protected from the sun and from strong
currents of air. Inasmuch as the mois-
ture will pass off less readily as the pores
at the surface of the wood become closed

by drying, it is well to complete the sea-

soning system by a process of kiln-drying,

which at this stage will not check the
timber.

The method of creosoting timber,
which was lately invented by Professor
Seeley, of New York, consists of subject-

ing the wood to be saturated to a tem-
perature of about 230°, while in a bath
of creosote oil, for a sufficient time to

expel all the moisture, and to coagulate
the albuminous matters of the wood.
When the pores are thus freed from the
water, and contain only steam, a cold
bath is substituted, so far as to reduce
the temperature from 230° to 65° or 70°,

by means of which change the steam in
the pores of the wood is condensed, and
a vacuum formed, into which the oil is

forced by an atmospheric pressure.
The process, says the " Detroit Post,"

has all the advantages of the method

which has been in use in England and on
the Continent for many years (and ex-

perience has demostrated that creosoted
timber is still sound after being in use
more than 22 years), and is much more
simple in its application, and conse-

quently more economical and expedi-

tious than the English process.

Among the advantages claimed is the
very important one that green wood can
be treated as successfully as dry. The
apparatus for creosoting, which has
already been shipped to the Flats, and is

now being erected on the dikes of the
canal, was built in this city, and consists

of a cylinder 45 feet long and 8 feet

diameter, with a steam coil in the
bottom and a movable head. The cylin-

der rests upon substantial timbers, and
when the head is removed the lumber is

run into the tank upon trucks. In addi-

tion, there are 2 receiving tanks for oil,

each 15 feet in diameter and 6 feet high,

with engine and boiler, connecting pipe,

pumps, etc.

It is expected that this process will be
applied to the timber to be used in the
government works about to be begun at

Toledo. Mr. Pelton has also similar

works now in successful operation at

Chicago for treating railroad ties and
dock timber.

The Chicago, Burlington, and Quincy
Railroad Company are preserving all their

sleepers. They have at the Aurora shops
a tank of boiler iron 10 feet square and
7 feet cleej). This is filled with ties

and closed with a tight cover, when car-

bolic acid sufficient to cover them is let

in, and raised to a temperature of 215°
by the application of steam. Here the
ties remain for 30 hours, at the close of

which they are thoroughly permeated
with the carbolic acid and become as

black as charcoal.

As to the duration of creosoted sleepers,

the " Railway News " says : According to

exjDeriments and accurate records kept
in Germany, sleepers of uncreosoted or
natural oak last, upon the average,
15 years. By creosoting or impregnat-
ing them with other preserving substan-
ces, they endure for upwards of 22
years. From the same authority we
learn -that creosoted fir sleepers have a
duration of about 13 years, while pine
and beech will not last longer than 9.

The lighter description of traffic prevail-
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ing over the German lines, which have
furnished the above results, is the real

cause of the sleepers lasting so long.

It is needless to remark that upon our

heavily worked railways they do not

enjoy so long a life, but succumb, in the

majority of instances, to wear and tear

in about half the time, and in many in-

stances much sooner.

LIQUID FUEL-DOBSETTS SYSTEM.

RESULT OF EXPERIMENTS ON THE STEAMER
RETRIEVER.

This system of burning liquid fuel un-
der boilers, says the " Mechanics' Maga-
zine," is extremely simple in its details;

it consists of a generator, which is nothing
more than a small portable vertical boiler,

in which the creosote is vaporized under a

pressure of from 35 pounds to 40 pounds
(932°), the vapor being led through a

pipe to the furnace of the steam boiler,

under which it is burned in jets.

In the trial of this system on the steam-
er Eetriever, of 90 nominal horse power
and 500 tons burden, there were 2 of these

generators, whichwere placed on the deck
of the vessel against the boiler casing, the

pipes being carried down from them to

the boiler furnaces. The creosote is

pumped into the generator, a shovelful

of live coal is placed under it, and as

soon as the vapor begins to distil over,

it passes down a pipe into the fur-

nace of the generator. There it issues

from perforations in the pipe, and contin-

ues the duty commenced by the coal,

and supplies the vapor to the boiler fur-

nace.

The adaptation of the coal furnace of the

Retriever to the purpose of burning liquid

fuel was effected by removing the furnace
bars and filling the ash-pit with two lay-

ers of perforated fire-bricks. The appara-
tus is more fully described in " Engineer-
ing" as follows: About 3 inches above the
floor of each ash-pit is placed an iron plate,

which extends the full length of the fur-

nace, and is curved slightly upwards at

the inner end, where it projects into the
return box. At a distance of 3 inches
above this plate is placed another shorter
plate, this latter being perforated, and
being covered with a layer of fire-bricks

placed loosely on it. At the front end the
space between the 2 plates is closed by per-

forated bricks,which admit a certain supply
of air, and at the inner end it is blocked

up altogether, so that any air entering

through the perforated bricks just men-
tioned can only find its way into the fur-

nace by rising through the perforations in

the upper plate and through the inter-

stices of the layer of bricks by which that

plate is covered. The air passing in be-

tween the lower plate and the bottom of

the ash-pit is conducted right through
into the return box for the supply of the

jets of vapor placed there, and the amount
thus admitted is regulated by closing the

front of the opening to a greater or less

extent.

The branch pipe led into each furnace

makes a single long convolution just

above the layer of bricks already men-
tioned, and then returns to the front of

the boiler, and is connected to another
pipe which is provided to discharge any
creosote, etc., which may condense in the

pipes. Each pipe is provided with inde-

pendent inlet and discharge cocks. Each
of the pipes in the furnace is pierced with
4 holes rather more than T̂ inch in

diameter, and the pipe carried transverse-

ly through the return box is pierced with
8 similar holes, these being placed, 2
opposite the end of each furnace, and 1

over each of the water bridges between
the furnaces. The boiler is thus heated
by 20 jets altogether, of which the set of

8 in the return box, or each set of 4 in the

furnaces, can be worked independently.

When the vapor is first turned into the

pipes a portion of it is of course condensed,
and this portion is blown off through
the discharge pipe already mentioned.
As soon as the pipes become heated the

discharge cock is closed, and it is after-

wards only opened occasionally to get

rid of any liquid that may have accumu-
lated in the pipes.

During the preliminary trip of the ves-

sel, the steam was maintained at the

usual working pressure, and it was stated

that the vessel made 1 knot more per hour
than she had been accustomed to make
with coal. The consumption of creosote

was between 35 and 40 gallons per hour,

as against 8 cwt. of coal, and considering

that the present price of creosote is only
about 1 penny per gallon, a great sav-

ing was apparent.

The official report of Dr. Paul on a sub-

sequent trial trip, contains the following
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facts: The duration of the trip was 4
hours and 35 minutes. The oil weighed
10.5 pounds per gallon; the weight of oil

consumed was 2,416.4 pounds or 1.078
tons, the average rate being 527.6 pounds
(= 50.25 gallons) per hour. Experi-
ments on the rate of vaporization of
water showed the rate to be 12.3 pounds
heated from 60°, and converted into
steam at 212° per pound of oil. During the
trial very little smoke was produced, and
during great part of the time none at all.

The temperature of the furnace gas pass-
ing into the funnel ranged from 250° to
350° C. (=482° to 662° Fahr.), or, on
the average, about 572° Fahr., and, as the
external atmospheric temperature was
about 50° Fahr., the waste of heat in the
discharge gases corresponded to an in-

crease of temperature to 522° Fahr.
above that of the air consumed in feeding
the furnaces.

For the purpose of arriving at some
approximative estimate of the extent to
which the result obtained in this practi-

cal trial corresponds with the actual
evaporative power of the material used,
Dr. Paul calculated theoretically the
amount of heat it is capable of generating,
and the maximum effect to be expected
from its application under the ordinaiw
conditions obtaining in practice. So far

a3 the chemical nature of dead oil is

known, it is a mixture of several sub-
stances—such as phenol and cressol,

which contain, besides carbon and hydro-
gen, some oxygen, together with a variety
of hydrocarbons, such as naphthaline,
xylol, cumol, cymol, and perhaps others.

According to the chemical composition of

these substances, and on the assumption
that the combustible carbon and hydrogen
they contain will generate when burnt
with just sufficient air for perfect combus-
tion, quantities of heat sufficient for con-
verting respectively 11.359 pounds, and
41.895 pounds of water at 60° into steam
at 212° Fahr. for each pound of carbon
or hydrogen burnt, when allowance is

made for the heat rendered latent by the
vaporization of the water resulting from
the combustion of the hydrogen, and for

the waste of heat due to the furnace gas
being discharged at a temperature of 600°
Fahr. above that of the air supplied to
the furnace for combustion, the theoreti-
cal evaporative powers of these substances,
and the evaporative duty they are capa-

ble of effecting will be as follows for 1

poimd weigh u of each:

Evaporative power. Evaporative duty.

lb. of water at U). of water at

212° Fahr. 6U° Fahr.

Phenol 12.2437 10.5025

Cressol 13.0096 11.1632

Naphthaline. 15.4635 13.2675

Xylol 16.5866 14,2415

Cumol 16.7838 14.4126

Cymol 16.9422 14.5500

The result thus arrived at on theoreti-

cal grounds presents a very striking ap-

proximation to that obtained on the

practical trial on board the Retriever on
October 23d, viz., 12.356 pounds for the

evaporative duty, which is only .687 less

than the maximum duty indicated by cal-

culation. If it be correct to regard the

composition of dead oil as represented

above, this approximation between theo-

retical and practical results would indi-

cate that the application of liquid fuel,

according to Messrs. Dorsett and Blythe's

system, insures not only a very perfect

combustion of the oil, but also a very full

utilization of the heat generated. The
very small amount of smoke produced
during the trial would involve some waste

of heat, and would to some extent account

for the difference between the two results;

but it must be remembered that in the

trial the average temperature of the fur-

nace gas discharged into the funnel was
only 572° Fahr., or 522° Fahr. above that

of the air supply, while in the calculated

result it is taken as being 600° Fahr.

above the air supply; so that in the prac-

tical trial there was a more efficient and
economical application of the heat gener-

ated than has been assumed in the calcu-

lation.

A still further economy of the heat

generated might be effected by heating

the air supplied to the furnaces by
the waste heat passing away into the fun-

nel, and it is probable that in this way the

combustion might be regulated and ren-

dered so perfect that there would not be
any waste of heat arising from smoke.
These considerations lead to and jus-

tify the presumption that when the various

appliances for burning liquid fuel accord-

ing to this system shall have been more
thoroughly perfected and adapted to the

conditions and requirements of steam
navigation, an evaporative duty of 13



VAN NOSTRAND'S ENGINEERING MAGAZINE. 59

pounds per pound of oil burnt may be

realized.

But having regard only to the result

actually obtained at present, it will be

seen that the evaporative duty realized in

the trial is about 100 per cent, greater

than that ordinarily obtained with an
equal weight of coal in steam vessels

—

that is to say, a duty of about 7 pounds
per pound of coal consumed. Therefore

the weight of oil required to fuel a vessel

would be only one-half that required of

coal, or the weight of fuel to be carried

would be only one-half as much as when
coal is used. Then taking the ton of coal

as stowed on board a vessel to occupy 43
cubic feet and the ton of oil as occupying
34 cubic feet, the quantity of oil equiva-

lent to 1 ton of coal, would occupy only

17 cubic feet, so that the saving in stow-

age space would amount to 60.4 per cent.

of the space required for coaL

CONSTRUCTION OF LOCOMOTIVES IN GER-

MANY.

BY M. S. STUTZ, C. E.

Translated from " Annates du Genie Civil."

From the date of the Universal Ex-
hibition of 1855, where for the first time
they saw German locomotives, the atten-

tion of French engineers has been awak-
ened and drawn towards a particular

class of these engines. Since then the
Germans have made further progress, as

the Exhibition of 1867 has proved, in

showing us a series of locomotives, • the
elegance and finish of which excited gen-
eral remark. The general design of these

machines has been sufficiently described
by Mons. Jules Gaudry, engineer of the
Eastern Railway, in the Studies in the Ex-
hibition of 1867, where our readers can
find full accounts of them. What we now
propose to consider are certain new dis-

positions and details, which constitute a
real progress; and in this we shall avail

ourselves of a report read by Mons. De
Leoben, in a reunion of the engineers of

the district of Stettin.

The German engineers have labored to

reduce the construction of locomotives to
the utmost simplicity, especially the
mechanism for the distribution of steam.
From this has resulted a general disuse
of separate expansion valves. On the
other side, there has been a disposition

to make new trials of balanced valves;

the results of which appear very satis-

factory.

The application of the simple link of

Stephenson has become general; except-
ing some cases in which Allan's straight

link is used. But still the valve gear of

Heusinger de Waldegg is often used. In
this the link is worked on a fixed centre
by one eccentric; and the lead is taken
from the cross-head. The two first pro-
duce by a single valve with sufficient lap,

a variable expansion that is regarded as
satisfactory.

There is a tendency to substitute the
screw for the simple reversing lever and
catch-plate. A screw, one-half which is

right and the other half left, is used. The
right part works in a fixed nut, so that
the screw advances as it turns; and the
left part works in a nut to which the revers-

ing rod is jointed, so that this nut travels

twice as fast as it would if a single screw
of the same pitch were used. Four turns
of the screw are sufficient to reverse an
ordinary engine.

For feeding, the injector is more and
more superseding pumps, even independ-
ent steam pumps. Its advantages are
that it works with certainty, and needs no
repairs. Herr Krauss, constructor, of

Munich, has reduced this instrument to

extreme simplicity. The water flows in a
straight line from the tank into the boiler.

There is no movable cone to regulate the
influx of water; nor is there any movable
coned needle to regulate the admission of

steam. The steam nozzle enters the
water chamber, and bends into centre
line at the point best for general work-
ing, and thus the whole instrument is

solid; all its parts are immovable, and
there cannot be derangement from wear
of packing, or other delicate and costly

adjuncts of the original injector. It is

screwed into the fire-box behind, and the
water is spread around by the flat disc

check valve inside, so that it does not
flow against the fire-box plate. A cock
close behind the water chamber shuts off

and regulates the flow of water; and a
stop valve at the boiler regulates the ad-
mission of steam, and the instrument it-

self is almost as simple as a cock. To
start it the water cock is first opened, and
then the steam is admitted gradually,

after which the admission of water and
steam can be regulated as required by the
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cock and stearn valve. But it will not
draw up the water; the tank niust be
above the level of the injector, so that the

water will flow in by gravitation. The
usual place for the injector is under the

foot-plate.

It remains to observed that the modifi-

cation of Herr Krauss' permits of feed-

ing with hot water, an advantage which
the first injectors rendered impossible.*

As to the boiler, the junction of the bar-

rel with the fire-box. shell, formerly made
by an angle iron ring, is now made directly,

as making the surest and tightest union.

For this purpose the front plate of the

fire-box shell is flanged to receive the bar-

rel. The flanges are sharply turned. To
provide ample steam room, and to facili-

tate the cleaning of the crown sheet, the

outer crown is raised 12 to 16 inches above
the barrel.

The pressure is generally 8| atmos-
pheres, sometimes 10 atmospheres, on the

gauge. It is subjected to severe super-

vision, by the aid of special manometers
which show exactly how high the pressure
has been. The manometers are patented
by Herr Sammann, an engineer of Bres-
latt, and manufactured by Grutzinacher
& Bock, of Magdebourg.

In the construction of fireboxes only

copper plates are now used. Iron fire-

boxes are completely abandoned, on ac-

count of numerous inconveniences they
involve. These inconveniences, it was
hoped, would be avoided by using cast-

steel plates, which might bear the pressure
better ; but the trials made have given
results that are but little satisfactory.

The inequality in the manufacture of

these plates, which are too hard and brit-

tle or too soft, is, without doubt, the

cause of this failure. But notwithstand-
ing the ill success, several German and
Austrian companies, for the sake of di-

minishing the weight of their engines,

persist in using cast-steel plates for the

construction of boilers.

The iron boilers are made of plates .45

minimum and .62 inch maximum thick-

ness; while the thickness of the cast-steel

plates varies from .32 to .4 inch. For

* Mr. James Millholland,8 years ago, patented a modification
of the injector even simpler than this, it had no break or open-
ing between the water jet and the throat, so that there could
be no overflow when too much water or too little steam was
admitted. An overflow cock between the throat and the
check-valve was provided to start with.

pressures above 8| atmospheres the
lengthwise joints are double riveted.

The staying of the firebox, especially

the crown of it, merits the greatest atten-

tion. Besides the ordinary stays of the
crown, there are 4 rods which link toge-
ther the front and back plates, and 8 long
rods from the back plate to the smoke-
box plate. This mode of staying, has al-

ways given perfect security, and never
needed repairing.

The use of hollow stays for the sides

of the firebox has given excellent results,

and is becoming general. The perfora-

tion is an easy and sure means to detect
the rupture of stays, and generally gives

warning of decay before it results in rup-
ture. To provide for cases of rupture, it

is necessary to stop the holes at the inner
ends, so that steam or water may not
enter the firebox, and extinguish or slack-

en the fire.

In putting into practice this idea of per-
forating the stays, some difficulties were
met, consisting chiefly in the drilling of

very small holes, .12 to .2 inches diame-
ter, and the whole length of the stays:

biit an entirely satisfactory solution was
found in a machine which drilled from
the ends to the centre, thus shortening
the drills, and also shortening the time
necessary for the work. The stay is held
in a hollow arbor between the two drills;

the arbor turning 380 times per minute,
while the drills turn in the opposite di-

rection 680 times, making a total speed
of 1,060 turns per minute for the drilling.

With this machine a man drills 70 to 80
stays per day. The machine consists of
a lathe bed, on which the bearing of cen-
tral arbor is fixed, and the two drilling

arbors are made to traverse by a right-

and-left screw.

Another convenient tool is used to cut
off the ends of the stays after they are
screwed in. It has two cutting knives or
chisels, one of them fixed, the other
moved up to its work by a screw. A
washer is put on the end of the stay, to

determine the length; the tool is then put
on, and pressed up to the washer; the
screw is then turned by a hand-lever, and
the cutters approach each other, cutting
off the waste end. One man cuts with
this tool more than 3 men can cut in the
old way, and there is no blow or strain

to injure the work-
in the manufacture of tubes iron is
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now much used. These tubes have thus

far given good, results. Their outside

diameter is from 1.28 to 2.08 inches. The
joints at the tube plates require always
great care. Several trials of cast-steel

tubes have given equally good results,

and they allow a reduced thickness.

The wheels are generally of wrought-
iron, in one piece, with the boss and
counterweight. The tires are of cast-steel.

Notwithstanding several cases of rupture
during the extreme colds of winter, the

results of cast-steel tires, in durability

and economy, leave little to be desired.

The use of steel less hard and brittle, in

cold climates, will certainly prevent rup-

tures.

The forges of Borsig, at Berlin, have ac-

quired a high reputation in Grermany for

the manufacture of wrought-iron wheels.

And so with the steel tires from the

"Works of Krupp, at Essen, which have
furnished enormous quantities for all

parts of the world.

Disc wheels with circular corrugations

are frequently used on tenders. They
are of cast-steel, in one piece, tire includ-

ed. They have certain advantages as

compared with other wheels. They are

made by the Company of Mines and Steels

of Bochum in Westphalia.

It is necessary to observe that these

wheels, like those with steel tires, have
inconveniences as well as advantages. It

is necessary to true the tires or rims that

have lost their shape. To do this, instead

of turning them, the Cologne and Minden
Railway Company use grindstones. The
wheels are put in a lathe, and made to

turn slowly, about once per minute, while

a grindstone turns against the rim about
500 to 800 times per minute, according

to its diameter: 500 turns for a diameter
of 25 to 30 inches. The stones are coarse-

grained, about 4 inches thick. They work
best dry; but when used dry, it is neces-

sary, for the health of the men, to use a

fan to blow away the dust.

The axles of the German engines are

all of cast steel; so are the connecting-

rods, and generally the coupling-rods,

and also the other chief parts, as the
engines of Borsig have shown us. Steel

allows great reduction of dimensions, and
the attainment of extreme lightness—an
essential condition, especially for high-
speed passenger engines.

The pistons are of wrought-iron,

forged on the Swedish system, often in

one piece with the piston-rod. Two pack-
ing rings are used, sometimes of cast-

iron, sometimes bronze. A counter pis-

ton-rod (contre-tige) is frequently used.
These counter-rods are sometimes of

cast-steel, and forged solid with the pis-

ton.

The speed of pistons varies between
6.4 and 8.8 inches per second. Though
this speed is far from the maximum, it is

rarely exceeded up to this time.

The question of the lubrication of

valves, also of pistons, has much occupied
engineers ; and has been practically

solved by the system of Kesler. This
system, which works automatically, and
very regularly, is applicable to many
uses, and appears to save a third of the
oil, while it insures abundant lubrica-

tion.

The diameter of steam cylinders is

from 13 to 20 inches. The length of

stroke is from 20 to 25 inches, and rarely

attains to 28 inches. On these dimen-
sions, that is, on the volume of steam
used in a given time, depends the force

of the engine. Very intimately connect-
ed with the cylinders, relatively to the
work to be done, or that which comes to

the same thing, the quantity of steam to

be used, is the heating surface which
produces the steam. The surface is

made as large as possible, and varies be-
tween 914 and 1,882 square feet of which

tV ^° tV is fire box surface.

The grate surface, generally arranged
for common coal, is equal to from -^
to -fo of the heating surface. For wood
the grate surface is still larger.

Among the numerous inventions to

burn smoke, that of Tembrink-Bonnet
has had many applications ; and has
given good results, especially when the
feed-water has been good. Thierry's

system has equally been applied. But no
decision has been made, relative to the
general application of these systems.

A good disposition of the chimney, rel-

ative to the draft, to stimulate the gen-
eration of steam as much as possible, is

very important. To this effect the sys-

tem of Prussman, composed of two trun-

cated cones united at then: small ends, is

frequently applied. This seems much
like the blast pipes in many English en-
gines.

As to the weight on driving wheels, it
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is admitted generally, for rails 5.2 inches
high by 2.4 breadth of head, that 13 tons

(13,000 kilog.) should be the maximum
weight for axle; consequently the num-
ber of coupled wheels, whether 4, 0, or 8,

to utilize the weight for adhesion, consti-

tute the foundation of the power of the
engine; that is, they determine the loads
that can be drawn up the grades that

have to be surmounted.
To couple more than 3 axles, or G

wheels, does not appear very practical,

on account of the too many joints be-
tween them, giving rise to complicated
construction, and the liability to rapid
wear on short curves.

Some constructors have renewed the

attempt to utilize the total weight of

locomotives for adhesion; and with this

view they have constructed engines with
only two axles. In this plan there are

great difficulties to be overcome, which
will ever remain a serious obstacle, above
all to freight engines, in which it is

required to obtain a maximum of weight
for adhesion.

Tank engines do not appear to be eco-

nomical, except for short lines, or for

switching. The diminution of weight as

the water and fuel are consumed renders
them extremely defective for long lines.

A system of construction of locomotives

very frequently followed of late years,

deserves to be mentioned here. We
speak of the system of Hall, which is

distinguished by putting the frame plates

outside the wheels, instead of inside, as in

usual practice. This disposition gives

room for a wider firebox, and allows the

boiler to hang lower, and to rest on a

wider spring base than usual; the two
last are important advantages, since they
insure a steadier movement by avoiding
lurches.

Among the objections to this system, it

is urged that the diameter of the axles

must be augmented, and that the over-

hanging ends have considerable weight,

and that the axle-boxes are heavier, and
that, as these parts act directly on the
rails, without the intervention of springs,

this increase of weight is the more
injurious. Also the outside cranks, whose
hubs, lessened in diameter, extend inward
and serve as journals, offer difficulties;

and, altogether, there is little confidence
in the surety and solidity of the con-
struction. But these inconveniences do

not appear well founded beyond a certain

point.

As to the outside crank, the Universal
Exhibition showed some modifications of

it, by the Meyers, engineers of Mulhouse,
which offer the best solution of thi3

inconvenience, objected to in Hall's

Meyer forges the outside crank solid on
the axle, and makes the eye of the wheel
so large that the crank can be put
through it.

The widths in these engines are as

follows for German railways : For 6-

coupled freight engines, between the
centres of wheels or rails, GO inches,

between the frame-plates or springs,

centres, 71. G8 inches; between cylinder

centres, 93.28 inches. For passenger
engines with independent wheels, be-
tween wheels and frames the same as

above; between cylinder centres 86.88

inches.

Several other systems to ascend steep

grades have been tried. "VVe observe
among them a disposition having some
analogy to the chain warping on the

Seine. It consists in laying between the

rails, for the whole length of the incline,

a strong plaited rope, which winds around
the driving axle, (a separate axle special-

ly for the rope ?) in the same way as in the

warpers. The rope in unwinding resumes
its place between the rails, and may
serve for several trains at a time.

A more advantageous arrangement,
though very complicated, to increase the

adhesion, is that after Fell's system
which is in practice on Mount Cenis.

In this system a third rail, raised

higher than the two others, is placed
between them, and four horizontal driving

wheels, two on each side, are strongly

pressed against the middle rail by spiral

springs.

The engines with 8 and 10 coupled
wheels, with the front group movable
sidewise, of the system of Ergerth, Fink,

and Hall, constitute also a powerful
means often employed to ascend very
steep inclines.

From what has preceded, it results

that the good arrangement of a locomo-
tive having sufficient boiler, and cylin-

ders and wheels well proportioned, must
be judged by the relation existing be-
tween the total weight and the weight
utilized for adhesion. This condition is

essential for freight engines that draw
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heavy trains, in whish all weight not

utilized for adhesion is dead weight to be
carried or drawn.
The following table gives the principal

dimensions of the weight of German
locomotives, which by their good results

merit a report here :
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The 6-coupled engine can draw on a
level 1,100 tons at 14 miles per hour. It

has axles and tires of cast-steel; wheels,
rods, and tubes of wrought-iron ; firebox
of copper; and costs about 69,000 francs.

The 4-coupled, with leading wheels inde-
pendent, can draw 650 tons at 18.6 miles
per hour on a level. The axles and tires,

etc., are like the one above, and it costs

63,500 francs. The mixed 4-coupled, with
trailing wheels independent, can draw
350 tons on a level at 27 miles an hour.
Parts of the same material as the fore-
going, except the coupling-rods, which
are made of cast-steel, on account of their
great length. The engine with a single
pair of drivers, can draw 150 tons at 47
miles an hour. Axles, tires, and rods of
cast-steel: cost 62,000 francs.

HENERAL McCLELLAN is to com-
VT plete the Stevens Battery for the
State of New Jersey, as provided for in
the will of the late Edwin A. Stevens.

UDDLING Machines—Results.—Up
to the present time, as we are informed

by Mr. Menelaus in papers read before
the Society of Mechanical Engineers, the
results of mechanical puddling are unsat-

isfactory, inasmuch as the iron produced
has been cold-short, and unfit for use.

This failure is attributed by Mr. Mene-
laus to the breaking up of the lining of

the furnace. The suggestion was made
that the uniform quality of the iron pro-
duced with differing linings pointed to

some other cause ; but, as far as we know,
no suggestion was made as to the di-

rection in which to seek the cause of

failure.

The one chief feature in successful pud-
dling on the present plan consists in pro-
tecting the molten iron from the direct

action of the flame by a supernatant mass
of molten scoria, whereas in the revolving

puddling furnace the iron would appear
to be lifted from beneath the scoria into

immediate contact with the flame. It

would be reasonable, therefore, to expect
an appearance and quality similar to

what is known as burnt iron.

—

The En-
gineer.

MAGNESIA Crucibles.—The great and
constantly increasing cost of crucibles,

is the greatest obstacle in the way of the

crucible steel manufacture in this country.

A patent has been taken out in France for

making crucibles to melt platinum, iron,

or steel, from magnesia. The description

given is not very clear; but we believe

they are moulded by pressure, and are

then exposed to the heat of an oxy-hydro-
gen flame, by which they are brought to a

semi-pasty condition, and the magnesia
acquires its greatest density, cohesion, and
hardness. Such crucibles are said not to be
affected by sudden alterations of temper-
ature.

fTNEMPLOYED Motive Power.—The
U " American Artisan" calls the atten-

tion of inventors to the great powers that

are, so to speak, going to waste—among
them wind and tide. The want is, efficient

mechanical appliances—the power is al-

most infinite. Captain Ericsson, has at-

tempted the utilization of what would
seem to be a more impracticable motor
still—the direct heat of the sun, but with
great promise of success.
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BUILDING AND FACING WITH CONCRETE.

Translated from La Houille for the London Culii3ry Guardian.

The walling of the sides of shafts in

places where the rocks are not sufficient-

ly solid, or possessed of sufficient resist-

ing power, is commonly composed of

either stone or brick. During recent
years various parties have begun to make
use of conglomerate concrete, a purely
artificial material, for building, which is

simple as regards the process of prepara-
tion, and easy to be used, while at the
same time presenting a great resistance

and perfect impermeability, which latter

quality renders it extremely valuable for

works that are in contact with water.

Amongst the structures raised of late

years presenting a certain amount of im-
portance, and in which the conglomerate
concrete has been employed, we may
specify many buildings at St. Denis, the

drains of the new Opera House, the
Church of Vesinet, the vaults of the sub-
terranean galleries of the Exhibition, the

breast wall of the Avenue l'Emperor,
from Pompe to the lamp beyond the

Military Bakehouse. At the present mo-
ment they are constructing with this con-

crete, to the height of above 15 me-
tres, the sloping boundary wall of the an-

cient cemetery of Passy. The concrete

used is a cement rather than concrete

proper. It is composed by the very inti-

mate mixture of the following elements

in determined proportions, thus :

Large sand, very pure 4 parts.

Lime 1 "

Portland cement $
"

Water -fa of the total weight of the

mixture.

Instead of making with the sand and
lime a mortar in liquid batter, the pre-

parer must reduce as far as possible the

quantity of water, and subject the mix-

ture to an energetic and prolonged
course of trituration. By this tritura-

tion, notwithstanding the great reduction

of the water, there is at length obtained a

dusty paste, which, after a continued
process of pounding, is brought into the

state of very stiff plastic paste. This is

poured out into a movable mould in

successive and very thin layers, and sub-

jected to very serious pugging. This
pugging effects such an agglomeration
that there enters into each cubic metre of

masonry from 14 to 15 hectolitres of the

mixture, while the mass itself acquires a
considerable rapidity and intensity of

hold ; so much so that some few days or
even hours suffice to give it the consist-

ency of stone. Now, as the work done
one day becomes perfectly consolidated

with that of the clay before, it follows

that the mass of masonry may be indefi-

nitely extended, so as to form one actual

block of stone which offers a perfect re-

sistance to frost and heat. This concrete
thus forms a veritable stone paste, to

which, by means of moulds, all sorts of

forms may be given, and which will not
present any joint, but possesses through-
out a solidity not otherwise attainable.

In order that the conglomerate concrete
may present all the required conditions

of resistance and of serviceable usage, it

is necessary that the preparation should
be well made. It consists of the follow-

ing process : 1st. The greatest part of

the water contained in the common mor-
tars as concrete must be got rid of. 2d.

The substance must be homogeneously
and intimately mixed, notwithstanding
the elimination of the water, by being
subjected to a trituration energetic, pro-
longed, and operating with compression.
3d. Prom this trituration there must re-

sult successively a condition of hard plas-

ticity, a pasty powder, and then a dusty
paste. 4th. Agglomeration is next to be
produced by the action of a hard and
heavy body operating on thin successive

layers poured out in proportion into a
mould. By fixing movable moulds on the

actual masonry, which it is required to

raise to a further elevation, we may in-

definitely augment its mass, and obtain,

so to speak, stone without limit which
advantageously takes the place of hewn
stone and brick. The concrete, set under
favorable conditions, offers a great re-

sistance to picking or wearing of any
kind, and its resistance to crushing
reaches to from 400 to 500 kilog. per cubic

metre. "With regard to its producing or

net cost price, it will vary in different lo-

calities, and will mainly depend on the

rate of wages for manual lahor. We are

persuaded that this concrete can be ad-

vantageously employed in mines, its im-
perviousness to water and its power of

resistance suiting it even for bottoming
in crossing watery strata. Shafts walled
with concrete would resist better and for

a lonsrer time than those faced with stone
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or even brick, by reason of the intimate

union of its constituent elements and of

their adherence to the bare surfaces

which require to be faced. The facing of

galleries, the fixing of conduits for water

and for air, may also be done in concrete,

and any movements in the earth will only

produce therein fissures that may be

easily repaired and filled up again with

the same concrete, which will at once

become incorporated with the old mass.

The facing of shafts especially may be
effected with great facility and great reg-

ularity. It would suffice, in fact, to sus-

pend from a certain special rope, well

fixed over the middle of the shaft, a box
with very smooth exterior sides, of the

diameter to be given to the shaft re-

quiring to be faced, and behind this they
could pug the concrete. As soon as a

certain elevation had been attained, they
could raise the box, pug anew, and so

continue until they had reached the sum-
mit of the structure.

THE Locomotive Builders Meeting, re-

cently held in New York, will, it is

hoped, lead to better results than the
meeting of 1856. If the builders had
carried out the ideas of price and pay
they all agreed to in '56, they would not
have met with the general disaster that

befell them in the autumn of '57. It is

for the interest of railway companies
and the public that locomotive builders

should have no excuse for turning out
inferior work. The American builders

have done vastly more than the railway
managers, to reduce the working ex-

penses of engines. They deserve a re-

ward for so greatly improving the

American Locomotive, and they should
have an inducement to perfect it. But
they must build cheap and old-fashioned

machinery, if railway managers will pay
for nothing better.

OTEEL-COVERED Axles.—It is propos-
yj ed to heat old axles red hot and to cast

steel rings upon their journals or upon the
whole axle. The steel is expected to unite
firmly with the iron, and to be sound
enough to finish well. This result can
perhaps be realized after some expensive
experimenting. Steel rail ends have been
successfully cast into the centre of steel

ingots, at the Pennsylvania Steel "Works.

EAILWAY ACCOMMODATIONS.

This branch of civilization, says the "New
York Times," is advancing perhaps more
slowly than railway safety. But it does
advance. Smoother permanent way, high
and ventilated car roofs, the equalization

of load on spread and elastic trucks, bet-

ter ballasting and less dust, sleeping cars

in many of which one can sleep when suf-

ficiently fatigued, compartment cars well

upholstered, better motive power, and
hence closer connections, and some im-
provements in ticketing and checking, are

the actual and comfortable facts of to-day,

instead of the almost chimerical dreams
they were a decade ago.

But let no railway manager suppose
that he has earned immunity for another
decade. Great improvements are still to

be made in railway accommodations. Ven-
tilators, for instance, are all very well, but
ignorant and careless brakemen opening
or closing them without reference to tem-
perature or wind, in many cases convert

them into a nuisance. Nor should offi-

cious or selfish passengers be allowed to

regulate these matters. Here a brawny
lumberman throws open every sash and
panel on the windward, to the peril of

invalids and children. There a hypochon-
driac seals up every aperture, to the peril

of the general health and temper. There
should be in every train, for invalids, in-

fants, and old women of both sexes, who
have no lungs, a compartment, ventilated

as far as compatible with the exclusion of

that arch-destroyer—Draft. And there

should be an officer charged with the ven-
tilation of the train—an officer who can
distinguish between atmospheres of car-

bonic acid and air, and who can appreci-

ate a calorific change when he enters from
the out-door temperature of 40 to the in-

ternal heat of 100. And the ventilation

should be under his exclusive control.

The brakemen who periodically rush
through a train, shutting every aperture
that was open and opening those that

were shut, are wonderfully innocent of all

thermal and atmospheric distinctions.

But the grand discomfort, as well as

the awful peril of our railway appoint-

ments, is warming the cars by stoves, If

the recollection of freezing feet and ach-

ing head all the long winter evening by
the railway fireside, does not throw th.&-

reader into a cold sweat, the remembrance
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of Angola will. There is, perhaps, no de-

veloped plan that will keep the tempera-
ture of a packed car, with constantly
opening doors, as regular and pure as

that of a Fifth-avenue drawing room

—

never below 65° or over 70°. The genius
of invention may be equal to the task, but
we consider the conditions absurd. When
travellers are used to it they will vastly

prefer the natural temperature of the
outer air, modified by shade and draft in

summer, and by a little artificial heat in

winter; they will prefer to adapt their

clothing to such an atmosphere, provided
always the feet be kept warm, rather than
risk the foulness and local heats of an at-

tempted drawing-room temperature. We
find a positive enjoyment in breathing the

crisp air of an October morning, when we
bundle up our persons to resist it; but
the same temperature in a railway car

would set the women distracted.

Another error lies in the provision of

unsuitable means of warming. The
American stove heats the head, while the

feet remain in a cold stratum constantly

re-enforced from opening doors. The use
of tanks of hot water under the feet,

preserves the temperature of every part
that cannot be adequately clothed,

and mollifies the general atmosphere
without poisoning it. Any feasible dis-

tribution of heated air, cannot prevent
the universal misery of cold feet. The
present system of running to the stove

to toast them, and back again to escape
the headache, is better than any system
of moderate heating by stoves. The
calorific contrivance, whatever it may be,

must he under the feet. And hot-water
tanks, changed at water stations, would
probably, in effectiveness, certainty of

operation, cost, and expedition, excel all

other heaters. Water is admirably
adapted for this purpose. It has the

greatest capacity of any substance for

holding heat, and its fluidity renders it

the easiest of all substances to handle.

By means of little doors in the sides of

the car, between the seats, a couple of

porters could change the tanks every 30
to 50 miles, as the weather might require.

In case of collision, the wrought-metal
tanks would be unlikely to burst, and
there would be no setting fire to the
debris.

Baker's system of warming cars by
water in pipes is already used in the best

drawing room and sleeping cars, both of

East and West. The heat is pleasant
and temperate, and it is applied where it

is wanted—at the bottom of the car—at

the feet of the passengers. Of the ap-
paratus, the " Chicago Railway Review"
says : The principle is very simple—that

of the circulation of hot water. From
the water-enclosed furnace, placed at one
end or suspended underneath the car, the
hot water—charged with 33 per cent, of

salt, to at once prevent freezing and
increase its capacity for retaining heat
—flows out through the pipes distributed

along the floor of the car, returning
automatically to the furnace as it becomes
cool. The apparatus would be little lia-

ble to accident from fire in any case
;

and, to make assurance doubly sure, the
water surrounds the fire, so that in case
of accident, it would put it out. The
economy of fuel (three-fourths) and labor
is extraordinary—the furnace being filled,

for instance, at Chicago, locked up, and
requiring no further attention till Buffalo
is reached. In another important respect,

the economy is notable, as compared with
the stove-heated car. Instead of two
stoves, one furnace is used. As this

(placed in one corner) gives out no heat
directly, there is a practical saving of 6
seats in each car—a common stove not
only occupying the place of a single seat,

but rendering the two adjoining seats

uncomfortable.
A new method of heating cars, tried on

the Connecticut River Railroad, is thus
described :

A bonnet is placed on the top of the
car at each end, to catch the wind while
the car is in motion; the air rushes down
a pipe into a water box, where it is

thoroughly washed, and thence into a hot
air-chamber surrounding a stove, whence
it is forced in a pure state into pipes that

run near th efloor, the whole length of the
car, on each side and under the seats.

At proper intervals these pipes are per-
forated with small holes, through which
the heated air escapes. The warmth is

distributed equally throughout the entire

length of the car, and coming low down
towards the floor will enable passengers to

always keep their feet comfortably warm.
Another much needed railway accom-

modation would be the timely indication

of stations. On many roads stations are

not habitually called out by the brake-
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men ; on most roads they are indistinctly

called; on all roads they are not called

till the train stops, thus giving too little

time for ladies and children to prepare to

alight. And as the attendants on Ameri-

can trains are few, and very busy at sta-

tions, passengers must, in the majority of

cases, know the station, or take pains to

get out and ask, or be carried on. A re-

volving sign at each end of the car, legible

to all, and to be set by the brakeman just

before stopping at stations, would be sim-

ple and effective. Such an apparatus has

been introduced on the Ogdensburg and
Lake Champlain Railway. It consists

externally of a box surmounted by a bell,

and having a glass plate in front, under
which the name of a station appears in

letters of about 3 inches in length. "When
the train arrives at the station named on
the indicator, the bell On the top of the

box rings, and presently the name of the

next station on the line appears under the

glass plate.

Speaking of attendance, the following

railway order is commended to railway

managers without many exceptions. It

is posted in the station houses on the
Rutland Railroad, in Vermont

:

" Baggage men at the depots, and men
on the trains—freight as well as passen-
ger—are expected, and are employed by
this Company, not only to do their work
well, but pleasantly—to give every facility

to travellers, by information and by acts.

Any departure from civility of conduct, and
that courtesy due the patrons of the road,

will render them unfit for its service, and
they will be dismissed accordingly. Trav-
ellers may be unreasonable, but this will

be considered no excuse for any employe
to be so in return."

It is hardly necessary to add, that the
Railway Dinners and Lunches of Amer-
ica, as well as of England, may be im-
proved.

The " New York World " says that Mr.
Charles Dickens has again set on foot in

England a much-needed reform. " Mug-
by Junction " has done more for the rail-

road commissariat than all the sanitary

regulations, newspaper agitation, and in-

dividual growling put together. John
Bull, stung in his stomach by satire, has
set to work in good earnest to reform the
refreshment saloons on the great railway
lines, and it now seems likely that the
very simple and excellent plan of supply-

ing " locomotive luncheons " at one sta-

tion, neatly and compactly arranged in

baskets, which are left at the next station,

is to become general. But it is in Amer-
ica, above all other places, that an econom-
ical and expeditious system of victual-

ling passengers, should be devised, for

here the routes are longest and the sta-

tions isolated.

TMPROVED Turbine.—Mr. Paul R.

J- Hodge, of London, has designed an
arrangement for counterbalancing the

pressure of the water on the wheel, also

the weight of the shaft, etc., also for reg-

ulating the velocity of the wheel by the

governor by the assistance of a working
column, instead of blocking off the water
from the guide curves or delivery buckets.

These, and his improved method of ob-
taining the guide and delivery curves, are

illustrated in "Engineering" of October
30 last.

There are two improved Fourneyron
wheels on one shaft, one working above
the casing and the other below; inside

the casing there are the two sets of guide
curves answering to each wheel. The
pressure of water due to the head or

column is counterbalanced by the intro-

duction of the second wheel above, there-

by effectually taking the pressure off the

step of the shaft.

The manner of regulating the wheel by
the governor is as follows: The governor
operates on a vertical rod, to which is at-

tached the balanced sluice or puppet
valves for the regulating of the quantity

of water in its passage from the reservoir

to the working column at some distance

above the wheel, so that if, when the
wheel is working at its maximum of effect,

a certain portion of the load is suddenly
thrown off, then the sluice valves close

and the working column is reduced to an
extent corresponding to the reduction of

the load on the machine. "When an in-

creased load is again thrown on, the gov-

ernor reopens the valves and admits
water corresponding to the increased

load. By this arrangement the ob-
jectionable methods of blocking off the

water from the wheel, either by the guide
curves or delivery buckets, is done away
with, it being a well-ascertained fact, that,

when 10 per cent, of water is stopped off

by the latter method, there is a loss of at

least 39 per cent, of effect.
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IRON AND STEEL INSTITUTE.

Tlie ironmasters and steel manufac-
turers of Great Britain have resolved
upon forming- an " Iron and Steel Insti-

tute," for the discussion of questions of

practical and scientific interest. The
general principles of the proposed Insti-

tute will be similar to those adopted by
the Civil and Mechanical Engineers, and
other kindred societies, all questions
bearing on trade regulations and wages
being rigidly excluded.

From the number and position of the
gentlemen who have taken an interest in

the project, no doubt need now be enter-

tained, says the "Mining Journal," of

its being carried to a successful issue.

Each of the ironmaking districts is well

represented, as will be seen from the
subjoined list of appointments to the
provisional committee which have been
made :

North of England.—Messrs. Edward
Williams, Isaac Lowthian Bell, David
Dale, James Morrison, B. Samuelson,
M. P., W. R. Innes Hopkins, Charles
Bagnall, M. P., John Jones.

West Coast.—Messrs. Joseph T. Smith,
W. Fletcher, John Lancaster, J. Paterson,
James Smith.

South Staffordshire.—Messrs. Gr. J.

Barker, Walter Williams, William Mat-
thews, John Hartley, William M. Sparrow,
Frederick Smith, Saunders, Sampson
Lloyd.
North Staffordshire.—Messrs. W. S.

Roden, Robert Heath, J. Udall, J. Rams-
bottom.
South Wales and Monmouth.—Messrs.

W. Menelaus, A. Brogden, R. Fothergill,

Budcl, Abraham Darby, Struve.

Shropshire.—Mr. Thomas Horton.
Sheffield (Steel).—Messrs. Henry Bes-

semer, Edward Vickers, George Wilson,
Mark Firth.

West Riding.—Messrs. F. Kitson, Jef-

feries, John Butler.

Derbyshire.—Messrs. J. G. N. Alleyne,
William Fowler.

Scotland.—Messrs. Walter Neilson,

Whitelaw, R. Cassels, Robert Hannay,
Neil Robson.

It is gratifying to find that there ap-
pears to be every disposition on the part
of the provisional committee to make the
institution that which it professes to be
—a national association ; and with this

view it has been decided that the makers
of iron and steel in the several districts

shall bo asked to become members, and
that the headquarters of the proposed
institute shall be London, periodical

meetings being held in the various iron-

making districts. By this means will be
removed all cause for little jealousies

which might arise from a particular pro-

ducing district possessing the advantages

of being the seat of the society's head-

quarters. Such associations as the Iron

and Steel Institute are well calculated

to promote the material progress of the

branch of industry with which they may
be connected, and it is to be hoped no
time will be lost in bringing the project

into working order.

THE CHENOT STEEL PROCESS.

Removing and treating the pure iron from
a blast furnace before it becomes carbur-

ized, has been the subject of some experi-

ments, many schemes, and great expecta-

tions. The scheme of M. Chenot is well

described by M. Laudrin in his treatise on
steel, but its practical and commercial
prospects are not hopeful.

In the ordinary blast furnace where pig

iron is produced, there are two distinct

operations at two different heights of the

stack. The iron ore, which is a compound
of iron, oxygen, and earthy matter, is re-

duced in the upper parts of the furnace

after somewhat complex reactions. At a

certain height the ore come3 in contact

with carbonic oxide, which unites with its

oxygen, and escapes at the mouth as car-

bonic acid. The earths which accompany
it become separated, and fall to the lower
part of the furnace, where they are trans-

formed into slags or cinders. The iron

is reduced, and remains pure. The
height where these reactions occur is

termed the zone of reduction; the heat is

intense. At this point let us see what
happens. The carbonic acid escapes at

the top of the furnace, the iron and slag

remain, and, on account of their specific

gravity, fall to the lower part of the fur-

nace, where the temperature is greater,

and there undergo new reactions. Every
one at this stage of the operation will

think it would be more advantageous to

extract the perfectly pure iron instead of

allowing it to fall among the incandescent

coals, where it is transformed into car-

bide or pig iron. Such was the idea of



VAN NOSTRAND'S ENGINEERING MAGAZINE 69

M. Adrien Chenot, who thought of stop-

ping the operation just when the ore had
been converted into pure iron. An in-

tense heat reigns in the greater part of

the furnace 16 feet above the zone of re-

duction, and 83 feet underneath. Why
should such a heat be kept 10 metres un-
der the point where the pure iron is ob-

tained? We readily understand that,

when pig iron is wanted, such a heat is

maintained underneath in order that the

iron shall be converted into pig metal in

a carburizing atmosphere. But, when
ductile iron is wanted, we think it is use-

less and costly to keep up the combus-
tion of the fuel when the product sought
for is already obtained. Following these

principles, M. Chenot, instead of heating
the furnace underneath the boshes, that is,

the lower part, has directed the highest
temperature to be applied at the zone of

reduction. The combustion ends there.

The pure iron thus produced descends
gradually into cold boshes, where it can-

not undergo any new reaction, and where
it is found in spongy masses mixed with
the earths. The only operation which
remains is the separation of the iron from
the earths. This is effected by powerful
magnets, which, being presented to the
cold and pulverized residue, separate the
iron in a state of perfect purity. This
powder of pure iron being submitted af-

terwards to an enormous pressure which
reaches above 700 atmospheres, has its

atoms so strongly united that it acquires

the density of iron itself, and may be
drawn into bars, and undergo all the
operations of a forge.

The compressed sponge is used by M.
Chenot for cementing iron, and conver-
sion into steel. It has been found by ex-

periment to absorb its own volume of

liquid; therefore it is sufficient to dip it

into an oleaginous liquid, as coal tar, in

order to produce a true carbide, not by
combination, but by mixture. The me-
tallic mass thus impregnated is put into

pots and cast in the usual way.

EFFECT on Cltmate and Land, of open-
ing the Suez Canal.—In his address

before the British Association, Mr. Bidder
called upon it to get information as to the
effect of filling a lake (now dry) of 150
square miles extent, and thus adding 2,500
cubic feet per minute to the evaporation,
equal to a rainfall of 365 inches per annum.

RAILWAY BRAKES.

No sooner was the problem of setting

trains in motion by steam satisfactorily

solved, than a more difficult one, that of

arresting their motion, arose in its place.

It is not too much to assert that, in spite

of the innumerable patents taken out, in-

ventions experimented upon, and trials

undergone, the question of obtaining a
perfectly satisfactory brake action is yet
an undecided one. Probably, the real

reason why the difficulty has not been
overcome, is that too much has been
sought for, and too rigorous a solution of

the problem attempted. Inventors, as a
rule, have striven, with inexhaustible pa-
tience and assiduity, to design a brake
that will stop a train almost instantane-

ously, and those who have effected the

change from rapid motion to a state of

complete repose in the shortest time,

have considered that they have ap-
proached nearest to the vanquishing of

the obstacle. But in fact they were very
far from attaining the desired result.

The great object of a brake is not to

suddenly and totally arrest the progress
of the train, but to gradually reduce it to

a state of rest. It is not expected to act

only on rare and special emergencies, but
to be of continual use during the whole
journey. In a word, it is for general, and
not special employment. In order to ob-
tain a sudden arrest of motion, all the

earlier, and most of the recent, descrip-

tions of brake were made to lock the
wheels immediately upon their applica-

tion. Independently of the great im-
pactive force suddenly brought into play,

and the violent torsion thrown upon the
axles by this arrangement, it is radically

unsound in principle, and does not effect

the result desired. If the skids (brake
blocks) press so tightly upon the wheels
as to lock them, the train is not brought
to rest so soon as if they only had bite

sufficient to prevent them from revolving.

To determine theoretically the exact velo-

city at which a body will cease to roll and
commence to slide, is a very nice mathe-
matical problem, but practically the limits

may be ascertained experimentally with
sufficient accuracy for all working pur-
poses. At the late Exposition, the im-
provements in the details of brake gear
were mostly confined to effecting the in-

stantaneous application of the skids to
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the wheels. These comprised the use of

levers, screws, springs, balance weights,

and other contrivances, including auto-

matic and electrical agencies.

—

Mechanics'
Magazine.

We think the requirements of a brake
are correctly stated above, and we would
call the attention of English railway man-
agers to the American Creamer brake,

which we think fulfils these requirements
in a marked and useful degree, if not ab-

solutely.

THE GAS MANUFACTURE.

Complied from a paper by Mr. Gore before the Society of En-
gineers, and from the address of Mr, Barlow before the
British Asjociation of Gas Managers.

Among the varied applications of sci-

entific discovery to the purposes of daily

life during the last century, few, if any,

have attained greater importance than
that which relates to the manufacture
and application of coal gas. Scarcely a

city, town, or village, of considerable size,

in this country, or on the Continent, or

even in the United States of America, re-

mains unsupplied with this almost indis-

pensable agent, in our industrial and
social existence. Its use is rapidly ex-

tending in more remote regions, for

strange as it may appear, there are many
peoples and communities who, though
persistently resisting useful applications

of practical science as dangerous innova-

tions, are yet eager to avail themselves of

the use of gas as a source of artificial

light and heat. Even religious prejudices

of the most obstinate character have suc-

cumbed to this desire, and we now behold
the Christian Church, the Mosque of the

Mahometan, the Hindoo, Buddhist, and
even the Chinese Temple, each illuminat-

ed by this simple yet beautiful light.

Composition of Coal Gas.—In the ab-

sence of any other well-supported theory,

it is the generally received opinion that

the light afforded by this gas is due to

the amount of solid carbon incandescent

in the flame at the moment of combus-
tion. The two most important gaseous
compounds of hydrogen and carbon, are

marsh gas, or light carburetted hydrogen,
and the other olefiant gas. The composi-
tion of the first is represented by the

symbols C H 2 , and consists by weight of

75.4 of carbon, and 24. G of hydrogen.
The composition of the second is repre-

sented by the symbols C 2 H 2 , and con-
sists of 8b' parts of carbon and 12 of hy-
drogen. The permanently gaseous con-
stituents of all coal gas consist essentially

of combinations of these two fluids or
compound gases ; but experiment shows
that it is not a chemical union that is

formed between them, but simply a me-
chanical mixture that takes place. Thus
some coal gas of low illuminating power
consists principally of marsh gas, with a
very slight proportion of olefiant gas

;

other gas, of high illuminating power,
contains an excess of olefiant gas. But
the value of gas as a source of light is

not due entirely to its gaseous constitu-

ents, for it almost always contains a
certain quantity of vapors, more or less

rich in carbon, and therefore extremely
valuable as Hght-giving agents.

Quality of Gas.—What is technically

called a poor gas coal always yields gas
of the most permanent character, and is

the most uniform in its amount of illu-

minating power, owing to the small
amount of hydrocarbon vapors, and
hence the small mechanical mixture. With
a coal rich in the constituents of olefiant

gas, the illuminating power, though act-

ually much greater, is still liable to more
variation than is the case with the poorer
gas ; but the greatest instability is ex-

perienced when a mixture of poor and
rich coal is used. The gases generated
from this mixture form but a feeble com-
bination, the one with the other. The
hydrocarbon vapors are merely held in

suspension, and do not enter into union
with either of the gases; the slightest

obstruction, or the lowering of the tem-
perature, soon destroys this slender con-
nection, and the result is the loss of a very
considerable portion of the illuminating

elements of such gas. It is strange yet
true that this last process of manufactur-
ing by mixed material is the one very
generally adopted.

Quantity vs. Quality.—In the earlier

years of gas lighting illuminating power
was not regarded of any great import-
ance. And when opposition was raised

it was almost always on the ground of

price. This led to the establishment of the
Great Central Company for the supply of

the City of London, upon the funda-
mental principles of a low price and a low
standard of illuminating power. To carry
these proposals into practice involved some
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important modifications and changes in

the machinery and apparatus. The prin-

ciple laid down in the case of the Great Cen-
tral Company has been more or less applied

throughout the country, and the result

has been that the constructive details of

gas works have been carried out almost ex-

clusively with a view to obtain the largest

possible quantity of gas from the mate-
rials used for its production. Furnaces
affording the greatest heat, retorts expos-

ing the largest carbonizing surface, con-

densers and scrubbers making the strong-

est ammoniacal liquor, purifiers of large

capacity and surface for the oxide system
of purification, monster gas-holders, and
last, though not least, street mains of

the dimensions of small tunnels; these,

and perhaps some other matters, are the

concomitants of cheap gas, as inaugurated
at the period above referred to.

Subsequent events, however, have shown
that at least one of the parties to the ar-

rangement (the gas consumers) have be-

come dissatisfied with their bargain.

The Legislature has so far interfered as to

raise considerably the standard of illu-

minating power, and the question pre-

sents itself whether, in meeting this

change, it may not be requisite to modify
the present mode of constructing gas
works, especially where mixed coals are

used.

Retorts and Dip-pipes.—In large works,
and with clay retorts, the system of
through setting, with double mouth-
pieces, is unquestionably the most econo-
mical, both as regards fuel and durabil-

ity. But this arrangement is open to

grave objections. If the retorts are used
for the generation of gas of high illumi-

nating power, the increased surface over
which the gas passes after it is eliminated
from the coal exposes it to the chance of

decomposition, and the consequent depo-
sition of its carbon. In through retorts

thi3 deposition is due mainly to two causes;

in the first place, in charging the retort,

the centre scarcely ever receives its due
portion of coal, and as this part is always
the hottest, it follows that the gas gen-
erated from the thinner stratum of coal is

exposed to intense heat, and a portion of
it is speedily decomposed. Another cause
of this deposit is the want of uniformity
in the pressure in the two hydraulic
mains; a slight resistance in one main or
the other causes the ga3 to take the course

offering least obstruction, and as the par-
ticles of gas thus pass over a larger
amount of heated surface, they are ex-

posed to the greater risk of decomposition.
Several expedients have been suggested
to remedy this evil; one is to use a valve

to each ascension pipe, so as to dispense
with the dip-pipe when the retort is work-
ing; another is to have only one hydraulic
main, placed over the centre of the ovens,

and both mouth-pieces connected to it by
a single dip-pipe.

Some farther modifications made in the
form and arrangement of the dip-pipe
tend to remove the inconvenience that

arises from the necessity of having the
dip-pipe sealed in the hydraulic main.
An American inventor has suggested an
alteration in the old form of hydraulic
main by casting the dip on its side.

This method of forming the dip-pipe
presents some advantages in clearing

out, and it avoids the inconvenience at-

tending the collection of pitch round the
mouths of the pipes. A more important
arrangement of the dip-pipe, having for

its object the removal of the pressure in

the retorts occasioned by the seal in the
hydraulic main, has been contrived by-

Messrs. Cockey & Sons. This arrange-
ment is called a "telescopic" dip-pipe,

that portion of it which enters the tar in

the hydraulic main being made to slide up,
like the tube of a telescope, as soon as the
retort is charged; the action taking place
by means of a lever to which a handle is

attached. Before loosening the lid of the
retort the telescope part of the pipe is

lowered again into the tar to prevent the
gas from passing back into the retort.

Machines for Drawing and Charging
Retorts.—Of the mechanical appliances
for the charging of retorts, by which a

large system of retorts set in one oven
may be charged at once, by a number of

scoops operating at the same instant, Mr.
Barlow says: The plan has been practi-

cally tried at the Alliance Gas "Works in

Dublin, and I am able to speak of it very
favorably. A new retort-house has been
erected, capable of carbonizing 300 tons
of coal in a day, and containing 270 dou-
ble retorts, or 540 mouth-pieces, the charg-
ing and discharging of which is performed
by two machines, and hitherto with com-
plete success. Best & Holden's " steam
stoker," as the machine has been termed,
appears to be destined to make a rev-
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olution in the retort-house arrange-
ments of all large gas works. The pat-

entees have contracted for the charg-
ing and discharging of the retorts at

the rate of 9d. per ton, including royal-

ty, the cost trader the old system having
been Is. 7d.

The Condenser.—By the term con-
denser, we usually understand the appa-
ratus acting as a means of refrigeration,

but this is only true in reference to its

use where the gas is of poor quality and
of low specific gravity. In treating gases
which are to possess high illuminating

power, it is not desirable to reduce their

temperature below 60 degrees. Under
these circumstances, therefore, we must
look upon the condenser as a seperator,

and not simply as a refrigerator. The
two forms of condensers most generally

in use are the tubular, or series of pipes,

and the annular. "Whichever of these

forms is adopted, a large extent of sur-

face is indispensable, in order that the

separation of the mechanical and non-
chemical impurities contained in the crude
gas may be gradual. The existence of

naphthaline may in many cases no doubt
be traced, first, to the high temperature
at which the gas is generated, and again
to the too sudden reduction of the tem-
perature by rapid and excessive refrigera-

tion. It is a strange anomaly that so

much care and labor should be applied to

remove so many of the light-giving con-
stituents from the gas, and then to give

back these elements by the use of costly,

and in some cases dangerous appliances,

in naphthalizers, carburetters, and other
high-sounding and wonderful specifics.

"Washing Gas.—After leaving the con-
denser the gas is subjected to washing,
either by means of the old-fashioned wash-
vessel, or the more modern " scrubber ;"

the object in either case being to purify
the gas from any remaining particles of
tar, heavy oils, and ammonia. Many very
conflicting statements have been made in

reference to the effect of water in remov-
ing some of the light-giving constituents
from coal gas. Several chemists, who
have the reputation of being oracles in
these matters, have asserted that water
exerts but a small influence in diminish-
ing the illuminating power of coal gas.

Some engineers, who certainly have an
equal claim to consideration from their
great practical experience, say, on the

contrary,that water produces a very inju-

rious effect. Mr. Gore here gives, at

length, certain experiments which seem to

prove the latter proposition, and says that

after a series of trials, a system was
adopted of allowing the water to flow

through the scrubber for ten minutes, at

intervals of two hours ; the gas was suffi-

ciently freed from tarry matter, and the

illuminating power of 19 candles was al-

ways maintained, the average being 21
candles at the works.
Lime vs. Oxide of Iron.—In removing

from gas the chemical impurities, lime is

unquestionably the most appropriate
agent, and, in all situations where it is

possible to employ it, it should be used to

the exclusion of all other substances. Con-
siderations of economy, and certain sani-

tary regulations, have induced chemists
and engineers to turn their attention to

some of the metallic oxides as substances
adapted for the purposes of gas purifica-

tion, and now by common consent certain

oxides of iron are used as a substitute for

lime in most of our important gas works.
The action of this material is to remove
the sulphuretted hydrogen, by the union
of the sulphur with the iron, forming the
black sulphuret or sulpiride of iron. "When
the material is fully saturated, it is re-

moved from the purifier, and on exposure
to the atmosphere undergoes a series of

chemical changes, which result in the
precipitation of the sulphur and the re-

oxidation of the iron, which again becomes
fitted to act as a purifying agent; in fact,

the process of revivication may be carried

on for months before the purifying power
of the material is entirely exhausted. In
constructing purifiers for the oxide of iron

process, a much larger superficial area is

necessary than when hydrate of lime is

employed. It is very questionable, the

author ventures to think, whether the

practice of increasing the thickness of the
layers of the oxide is in all respects good,
especially when the material is partially

spent.

Adulterations.—A very objectionable

system is now pursued in gas manufacture
of disregarding the existence of carbonic

acid in gas. The reason assigned for this

jnractice is that the quantity is so small

that its interference with the illuminating

power of the gas is easily compensated
for by adding a little more Cannel in the

process of manufacture. Another eco-
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noHiic suggestion has been made, namely,

the revivication of the oxide in the purifier

itself, by allowing a portion of atmos-
pheric air to be driven through the mate-
rial along with the gas, thus causing a

constant decomposition of the sulphuret

as fast as it is formed; the injury result-

ing to the illuminating power of gas is

to be remedied by that panacea for most,

if not for all, of the ills attendant on gas
lighting—" a little more Cannel"—but any
admixture of atmospheric air should cer-

tainly be avoided, first, because it is a dis-

honest adulteration of the gas, and,

secondly, because it is unsafe, and may
lead to the most disastrous consequences.

Gas-Holders.—It must be admitted that

the larger the gas-holder the cheaper its

cost at per 1,000 feet of its contents; but
it is a question for serious consideration

whether, as a matter of safety, these enor-
mous depositories are not open to grave
objections. So long as the quantity pro-
duced in the course of manufacture was
the essential object of our manipulations,
the effect on the quality of gas by its

storage was only of secondary import-
ance ; but if a higher standard of illumi-

nating power is to be imposed, the advan-
tages of these enormous gas-holders may
not prove so obvious. The storing of gas
(especially such as contains any consider-

able amount of hydrocarbon vapors) is

sure to result in an appreciable diminu-
tion of its illuminating effect.

Situation of Works.—In selecting a site

for works, the following are among the
most essential desiderata: Sufficiency of

area, a low level, a good supply of water,

good drainage, and easy access. In the
earlier times of gas engineering it was
thought desirable that the supply should
be as near as possible to the centre of the
consumption, but modern practice re-

moves our gas works to remote distances,

and some enthusiastic persons have even
suggested the removal of the manufac-
tories to the centres of our coal districts.

"Wild as this proposal seems, it might pos-
sibly be realized, if gas and not light was
the product to be supplied; but if the
public demand gas light, and not light
gas, then the proximity of the works to
the locality of the consumption must be a
vital element in the economy of gas manu-
facture. The longer the distance through
which the gas has to travel before reach-
ing the burner of the consumer, the

greater will be the loss of illuminating pow-
er; hence it follows that a company sup-
plying gas from works three or four miles

from the district or place where the gas
is to be consumed, will have to use a much
larger proportion of Cannel, or other
light-producing material, to produce and
supply gas of equal quality with a com-
pany only a mile from its consumers. It

is very questionable if the advantages said

to be gained in a sanitary point of view,

or the greater economy effected in the de-

livery of raw materials, and the distribu-

tion of residual products, as coke, tar,

liquor, etc., will at all compensate for the

increased outlay in mains and the attend-

ant loss of illuminating power.
New Methods for Gas-Making.—The

pressure which the Legislature has
recently put on gas companies to raise

the standard of illuminating power con-
siderably above that obtainable from
common coal, has compelled most of them
to use a certain proportion of Cannel
coal at a heavy cost and with a diminu-
tion in the value of the coke. The
advance in the price of Cannel conse-
quent on the increased consumption has
stimulated inquiry to find a substitute for

it, and this seems to have been accom-
plished by Mr. McKenzie, whose process
of mixing small coal with crude shale oil

has been successfully adopted on a large

scale at the Alliance Gras Works in Dub-
lin. The small coal is well mixed with
the oil in the proportions varying from 10
to 30 gallons to 1 ton of coals. This is

effected by means of a mixing or grind-
ing mill. The compound material is then
distilled in ordinary gas-retorts of clay

or iron at a strong heat approaching a
white heat. From a mixture of Llantwit
small coal, costing 12s. 6d. per ton, with 5

per cent, of Broxbourne shale oil, costing

£5 per ton, the produce of the distillation

of one ton of the mixture was

—

9,750 cubic feet of gas of 21.5 candles
illuminating power.

37 bushels of good hard saleable coke.

2 bushels of breeze.

11 gallons of tar.

15 gallons of ammoniacal liquor of 5°

twaddle.
The cost of this mixture, including

royalty, was about 17s. per ton against
21s. for Wigan cannel, over which it has
the advantage of at least 5si. per ton in

the value of the coke.
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Two other new sources of supply of

materials for producing- gas of high
illuminating power have been proposed

—

viz., New Brunswick albertite and Trini-

dad bitumen. From the results of ex-

periments on the former made by Mr.
Evans, at the Horseferry Road works of

Chartered Company, it appears that the

yield per ton is from 9,166 to 10,200
cubic feet of .gas, varying in illuminating

power from 28.66 to 35.42 candles, from
which quantity, however, 10 per cent,

must be deducted in practical operations

on a working scale, and the material is

offered for sale in London at 37s. 6d. per
ton. Trinidad bitumen does not present

quite the same advantages. "When mixed
with 80 per cent, of Newcastle coal the

yield per ton, according to the joint ex-

periments of Dr. Letheby and Mr. Keats,

was 10,600 cubic feet of 17.6-candle gas,

and it could be sold in London at from
45s. to 50s. per ton. There is, however,

the serious drawback to the use of Trini-

dad bitumen that it contains a large

amount of sulphur and water.

The "Mechanics' Magazine," refers to a

number of successful experiments in this

direction, but says we are making no
practical progress; the companies are not

taking up the new process, and the pub-
lic are reaping no benefits. According to

Mr. H. P. Stephenson, gas engineer, a

mixture of 20 per cent, of bitumen with

80 per cent, of Lord Belhaven's main
coal, distilled at a red heat, produced
9,072 feet of 14-candle gas. Thus a coal

which is unfit for the production of gas

when carbonized alone is rendered useful.

Some experiments carried out at the Wool-
wich Arsenal Gas Works, with mixtures

of coal and bitumen, showed that a mix-
ture of 25 parts of bitumen and 75 of

coal yielded at the rate of 9,856 feet to

the ton of 20-candle gas. It was esti-

mated that the cost of such gas to the

consumer, the materials being furnished

respectively at 32s. and 16s. per ton,

would not exceed 3s. 7d. per 1,000 feet of

gas sold. A long series of trials on a

manufacturing scale, made by the Gas
Committee of the City Corporation of

London, and conducted by Professor

Frankland, Mr Hughes, C. E., and Mr.
Stephenson, C. E., showed conclusively

that when the raw materials were supplied

at the prices we have named, 20-candle

gas could be sold at a large profit at 3s.

7d. per 1,000 feet. Professor Odling has
also made a series of laboratory experi-

ments upon the use of bitumen for gas
purposes, with highly favorable results.

Other eminent men have also made trials

which resulted most favorably. Where
is the hitch? Are the gas companies
enjoying too comfortable a monopoly to

risk a change ?

Gas as a Motive Power.—The success-

ful application of the explosive force of

gas as a motive power opens an extensive

field for the demand for gas for day
consumption in manufacturing towns;
and it is a matter of great surprise that

gas companies have not made exertions

to promote the use of the gas engines.

Improvements have been made on the
original form of the Lenoir engines by
Messrs. Kinder and Kinsey, by which its

power and efficiency have been consider-

ably increased.

T OCOMOTIYE Cotton Press.—Mr. C.

JJ G. Wilson, of London, has mounted a
hydraulic cotton press upon a traction en-

gine for service in India. The engine will

be conveyed on a railway truck to the

various stations on the line of railway in

the cotton districts, where it will remain
for sufficient time to press into bales the

cotton stored there; when required, the

engine will proceed by its own traction

power to the depots in the great fields.

The engine can also furnish power for

other presses, mounted on a carriage

without steam power, and may also be
employed to drive cotton gins, etc., by
means of belts.

After describing the press in detail, the

"Mechanics' Magazine" (October 16,

1868), says: Unpressed cotton is so liable

to be destroyed by fire, that one Indian
railway company alone had claims amount-
ing to £30,000 made upon it in a single

year. Compressed cotton will not burn

;

therefore there can be no question that

Mr. Wilson has, by the invention of this

press, done much not only to facilitate

the transport of cotton, but to cheapen
that commodity in this country.

BOAT Construction.—A recent English
patent specifies boats built of staves

like a cask, with a central opening cut

out and surrounded by a combing.
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THE NITRATE OF SODA STEEL PROCESS.

eeaton's process and plant.—bessemer's

apparatus.

The Heaton process of decarburizing

cast-iron, says " The Engineer," has for

some tinie been employed on a manufac-
turing scale with complete success at the

Langiey Mill Works, Nottingham, and is

competent to make remarkably fine steel

and " steel iron," from the very worst and
most sulphur and phosphorus-charged
" makes" of iron in Great Britain, and in

a word, to make excellent marketable
steel from any " make" of pig iron that

may be put into the Heaton converter.

This process consists in the application

to the molten crude iron, of a far more
powerful and searching agent than heated
air—namely, the nascent oxygen developed
at the moment of contact between the

molten cast-iron and such classes of salts,

nitrates, etc., as yield oxygen under those
conditions. The mere idea of decarbur-
izing crude iron by the use of nitrates, is

by no means novel. Notices will be found
in many old chemical works of the reac-

tions produced by nitre upon red-hot
iron.

Nitrate of soda is the form of nitre em-
ployed by Mr. Heaton. It io not decom-
posed in presence of fluid cast-iron with
the same intense energy that nitre is, but
still would prove an agent for the burn-
ing out of the silicon, carbon, sulphur,
phosphorus, etc., more or less unmanage-
able, were it not for the extremely simple
but beautifully effective apparatus in-

vented for its application, and which con-
stitutes, in fact, the essence of Mr. Hea-
ton's patents. The following is an out-
line of the process and its results :

Pig or other cast-iron, whatever be its

quality, is melted in a common iron
foundry cupola with coke fuel. The
liquid iron in known mass—usually from
a ton at a time to perhaps hereafter as

much as five tons—is tapped out into an
ordinary crane ladle, and the latter is

swung round to the side of the converter.

The converter consists of a tall cylinder

of boiler plate, open at bottom, which is

supported at a certain height above the
floor beneath it. This cylinder is lined

with fire-brick, and above its upper part
rises a cone and a funnel of plate iron,

freely open at top. To the bottom of the
cylinder any number in succession of

short nearly cylindrical pots lined with

brick and fire-clay, and in form very like

crane ladles, are adjustable by simple
means. Into the bottom of one of these

pots a known weight of crude nitrate of

soda of commerce i3 put ; the surface of

the gross powder is levelled and covered
by a pretty thick circular plate of cast-

iron, perforated with many holes, which
lies by its own weight upon the top of the

nitrate. One of these pots thus prepared
having been adjusted to the bottom of the

cylinder, the converter is now ready for

use. At one side of the cylinder de-
scribed, is a sort of hopper funnel, covered
by a loosely hinged flap of boiler plate.

This plate is raised, and the ladle full of

liquid cast-iron is at once poured into the

converter, and so descends right down
upon the top of the cold cast-iron per-

forated plate. The plate does not float

up nor become displaced, nor does any
action become apparent for some minutes,
whde the plate is rapidly acquiring heat

from the fluid iron above it, and the
nitrate getting heated by contact with it.

What follows we may describe in Profes-

sor Miller's own words, from his personal
observation and report :

—
" In about two

minutes a reaction commenced; at first a
moderate quantity of brown nitrous fumes
escaped ; these were followed by copious
blackish, then gray, then whitish fumes,

produced by the escape of steam, carry-

ing with it, in suspension, a portion of

the flux. After the lapse of five or six

minutes deflagration occurred, attended
with a roaring noise and a burst of a

brilliant yellow flame from the top of the

chimney. This lasted for about a minute
and a half, and then subsided as rapidly

as it commenced. When all had become
tranquil the converter was detached from
the chimney, and its contents were emp-
tied upon the iron pavement of the

foundry. These consisted of ' crude steel

'

and of slag. The ' crude steel' was in a
pasty state, and the slag fluid; the cast-

iron perforated plate had become melted
up and incorporated with the charge of

molten metal."

The first product of the Heaton pro-
cess, which he denominates "crude steel,"

is in reality malleable iron of the very
purest and finest quality. The broken up
lumps of this material, direct from the
converter, only require, after they have
been "patted" or squeezed under the
" shingling hammer " to condense their

spongy texture, to be heated again in a
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common " balling furnace," and rolled at

once into bars, or forged or rolled into

any desirable form. In this state the

material is very unhappily called by the

inventor "steel iron." It has but little

pretensions to be called so; it scarcely

perceptibly hardens in water. What it

really consists of is crystallo-fibrous

wrought-iron, almost absolutely sulphur
and phosphorus free, of great strength
and toughness, and for every structural

purpose equal to the renowned wrought-
iron produced at Lowmoor and Bowling
works. It welds perfectly; it is tough
both hot and cold, neither red-short nor
cold-short, and forges beautifully at both
the test temperatures for iron—a low red,

and a clear yellow heat.

The " steel iron " is itself of course
a valuable material ready for market.
From this material it is, that Mr. Heaton
makes his cast-steel, that is, before it has
been subjected to any rolling, while in the
state merely of " crude steel," patted into

cakes by the shingling hammer. These
cakes are broken up, put into ordinary
clay melting pots of the usual size, hold-
ing about GO pounds each. To each 100
pounds of the material, about 2| pounds
or 3 pounds of spiegeleisen, or its equiva-
lent of oxide of manganese and a little

charcoal, are added, and the whole is

fused and cast into the ordinary ingots of

iron. It is now excellent cast-steel, and
when the ingots have been tilted in the
usual manner, cast-steel bars are produced
fit for any uses to which steel is at pres-
ent applied. Such is the Heaton process;
its simplicity and directness need no com-
ment to those acquainted with ordinary
iron and steel making.
The following analyses of the iron

treated, and the resulting products are
from Dr. Miller's official report:

Carbon
Silicon, with a little

titanium
Sulphur
Phosphorus
Arsenic
Manganese
Calcium
Sodium
Iron (by difference)

Cupola. Crude. Bar.
Pig (4). Steel (7). Steel (8).

2-830 1-800 0-993

2-950 0-266 0-149
0-113 018 traces.

1 -455 0-298 292
0-041 0-039 0-024
0-318 0-090 0-088

0-319 0-310

144 traces.

92-293 97-026 98-144

100-000 100 000 100 000

The report also says: The chemical
principle appears to be good, and the
mode of attaining the result is both sim-
ple and rapid. The nitric acid of the
nitrate in this operation imparts oxygen
to the impurities always present in cast-

iron, converting them into compounds
which combine with the sodium, and
these are removed with the sodium in the
slag. This action of the sodium is one of

the peculiar features of Heaton's process,

and gives it an advantage over the oxid-
izing methods in common use.

Upon the appearance of the foregoing
in " The Engineer," the London profess-
ional papers contained many comments
by editors and correspondents, the gist of

which are as follows. " The Engineer" says

:

Mr. Bessemer, in one of his patents, long
ago claimed the use of any solid substance
capable of evolving oxygen for the con-
version of iron into steel; and if such a
claim could be maintained, as we presume
it might be, the nitrate process would be
no more than a modification of Mr. Bes-
semer's better known system of compress-
ed air jets. But if it be proved to have
the distinctive power of removing phos-
phorus, it takes a still higher rank.

Professor Miller states that pig iron,

containing 1.455 per cent, of phosphorus,
loses all but 0.298, orsay^ths percent,
in the nitrate converter. Yet of the 2.83
per cent, of carbon in the same pig iron,

but 1.03 per cent, was removed, and 1.8

per cent, remained, and there remained
also 0.286 per cent, of silicon, besides
small quantities of sulphur, arsenic, cal-

cium, sodium, etc. ; so that the pure iron
remainingwas but 97.026 per cent., where-
as in good steel it should be nearly, or
quite, 99|. Every competent metallur-
gist will at once percieve that this so-

called " crude steel " is very crude indeed
—that it is, in fact, only comparable to
half puddled iron, long before it has come
to nature ; and any one who has paid the
least attention to the chemical composi-
tion of steel must be aware that samples
containing 1.8 per cent, of carbon are
wholly unfitted for any purpose to which
steel is applicable.

Mr. Robert Mushet says: The Bessemer
process converts melted cast-iron at once
into steel, keeping that steel liquid until it is

poured into ingot moulds forming ingots
fit for drawing or rolling out into bars of
cast-steel. The Heaton process takes
melted cast-iron and treats it with ni-
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trate of soda in a converter, and the re-

sult of this treatment is to deprive the

cast-iron of much of its carbon, in con-

sequence of which, as there is not, as in

the Bessemer converter, any means of in-

creasing the temperature, the iron assumes
a pasty condition, and is emptied out on
the floor in place of into ingot moulds.
Scarcely so direct this as the Bessemer
process. But now comes the cream of the

joke. The pasty stuff turned out on the

floor is, as Mr. Heaton properly terms it,

" crude steel." (Mr. Mushet then goes
on to show that it is very crude, as above
explained—too much carbon and phos-
phorus.) Some of this pasty matter,

which had been " patted" or squeezed
into cakes, I found could not be forged
at any temperature, far less would it

weld ; and when melted in crucibles,

it proved considerably inferior to or-

dinary Bessemer scrap steel, for the
manufacture of cast-steel. Dr. Miller

also states that the maximum amount of

slag from, the converter did not exceed 23
per cent, of the weight of the metal
charged. "Where did it come from, if even
20 per cent. ?

Mr. Mushet concludes : No one has ever
doubted that nitrate of soda will eliminate,

more or less, sulphur and phosphorus
from cast iron, but as it does not generate
a lasting and progressively increasing
temperature, thereby rendering the puri-
fied metal fluid so that it can be cast

into ingots, it follows that the Heaton
process can never compete with the Bes-
semer process.

Mr. Eerd. Kohn says: The conclusions
arrived at by Professor Miller are not in

accordance with the theory originated, I
believe, by Dr. Percy, and now adopted
by the majority of metallurgists, viz., that
the presence of alkaline or other basic
matter during the process of decarburi-
zation has very little effect or influence
upon the removal of phosphorus in the
shape of phosphoric acid, but that the
phosphorus is separated from the iron as
phosphide of iron. This phosphide of
iron is liquid at a temperature at which
the malleable iron solidifies, and can there-
fore be mechanically separated from the
iron by hammering or squeezing. Mr.
Kohn then proceeds to show that Profes-
sor Miller has only accounted for 8 out
of the 15 pounds of phosphorus that dis-

appeared from the iron in the operation

described. The 8 pounds were found in

the slag. The remainder must have been
squeezed out by the subsequent hammer-
ing and rolling, just as it would be in the
treatment of puddle balls.

Another correspondent of " Engineer-
ing" says, that as some 3^ cwt. of nitrate

of soda, at .£10 per ton, are required for a
ton of crude "coke" produced, he does not
see the advantage in buying pig iron, say
30s. cheaper than Bessemer pigs, and then
spending 38s. worth of nitrates for bring-
ing out a material which is certainly not
as pure as hematite pigs after all, and
which you must scrape together from the

floor of your forge in order to get it into

anything like a workable state by a second
process.

In a paper read by Mr. John Gjers be-

fore the Cleveland Institution of Engi-
neers in April last, it is stated that sev-

eral patents existed before either Mr.
Heaton's or Mr. Hargreave's time, for the

use of oxidizing salts, amongst which ni-

trates are named; and in the patent grant-

ed to Knowles, dated July 10, 1857, No.
1,921, nitrate of soda is specially claimed
for refining iron, by pouring melted pig

iron upon the salt in a ladle. This patent,

as well as other patents for the use of

nitrates, and almost every other oxidizing

salt, applied both in separate vessels and
in the puddling furnace, are now expired,

and consequently public property. This

paper also states, that as a result of ana-

lyses, this metal comes very far short of

what was pretended, as nearly the whole
of the phosphorus, the greater part of the

carbon, and a considerable quantity of

silicon is left in the metal, and very little

in the slag, and that it is in every respect

considerably inferior even to common re-

fined plate.

An apparatus has recently been patent-

ed by Mr. Henry Bessemer for following

out his early propositions of decarburizing

iron by the use of substances capable of

evolving oxygen, this apparatus being
practically applicable for the use of ni-

trates, or chlorates of soda or potash and
other salts, which evolve oxygen gas when
heated.

One method of conducting this process

is to place beneath the molten iron a per-

forated case capable of bearing a high
heat, and containing the nitrate of soda
or other solid matter. The heat of the

molten iron causes the nitrate to liberate
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oxygen, which forces its way through the
perforations in the case, and it issues into

and amongst the particles of the molten
iron, as when air is forced through the

tuyeres in the ordinary way of conducting
the Bessemer process. Mr. Bessemer's
specification says : It is advantageous to

use a converting vessel like that which is

usually employed. I replace the tuyere

box by a case of chamber lined with re-

fractory material, and filled with the

nitrate of soda or other material capable

of evolving oxygen, and closed at the top

with a perforated firetile. I make the

case of such dimensions that the area of

the surface of the nitrate is but small as

compared with the area of the principal

horizontal section of the metal in the con-

verting vessel. In this way I both modify
the intensity of the action and also pre-

vent the rapid scoring action which would
result from the passage of the gas between
the metal and the sides of the vessel.

Also in order to render the action more
regular I fuse the nitrate and cast it into

the case or chamber, and there allow it to

solidify. The melted metal is then effect-

ually prevented from acting on more
than the upper surface of the cast block
of nitrate ; or in some cases I mould the

nitrate into blocks under heavy pressure

before inserting it into the case or cham-
ber, and the violence of the action of the

nitrate may be reduced by mixing dry
clay or other inert matter with it.

The invention also provides a means of

forcing fluid nitrates into the converter,

through the openings in a small central

tuyere placed at the bottom of the con-

verter instead of the ordinary tuyere box.

A case containing the nitrate is attached

to the converter and surrounded with an
annular case. Into this annular case air

or steam heated sufficiently to keep the

nitrate fused, is forced by a pipe from the

hollow trunnion in the ordinary manner.
Below the chamber containing the nitrate,

is a 4-way cock arranged to let air from
the trunnion to the tuyere, for the pur-

pose of heating the converter as usual,

and also for the purpose of keeping the

fluid iron out of the tuyere when the con-

verter is turned up to blow, and the

tuyere is thus brought beneath the fluid

iron. By turning this 4-way cock when
the converter is up, the air from the trun-

nion is shut off from the converter, and
at the same instant let into the chamber

containing the nitrate, while through the
other passage in the 4-way cock, the
bottom of the chamber containing the
nitrate is connected with the pipe leading
to the tuyere. Thus by the operation of

turning the cock, air is shut off from the
tuyere and nitrate forced into it, and thus
into the molten iron in the converter,

where the conversion proceeds in the or-

dinary manner.
A still later apparatus, patented by Mr.

Bessemer, is illustrated in " Engineering,"
Nov. 13. The plan consists in forcing or
injecting into molten crude iron streams or
jets of fused fluid nitrate of soda or nitrate

of potash; the streams or jets of fused or
fluid matters are projected downwards at

any desired angle from nozzles or tuyeres,

the orifices of which are situated above
the mean level or upper surface of the
fluid iron to be operated upon, a portion
of the said fused or fluid matters, as well

as a portion of the cinder or oxides pro-
duced in the process, being again carried

down into the molten metal as an induced
current caused by the passage of the jets.

The process may be carried on in the
ordinary converter, or in the hearth of a
finery furnace. "When employing such a
furnace, Mr. Bessemer arranges a set of

air tuyeres along one side for melting the
pig metal and partially refining it; and en
the other side of the hearth he employs a
separate set of tuyeres or nozzles for the

purpose of injecting the aforesaid fused
or fluid matters into the molten iron. The
process in this finery furnace may be dis-

continued while the metal is in the con-

dition of highly refined cast-iron ap-
proaching to steel, or it may be continued
until a more or less perfectly malleable
metal is obtained suitable for melting in

crucibles, or otherwise to form steel, or
the metal may be allowed to granulate or

assume a more or less solid condition,

with or without manipulation with an iron
bar or rabble, and be removed from the
finery furnace in a condition to be formed
into bars or blooms. The process may also

be carried on in a reverberatory or pud-
dling furnace heated by solid fuel, or by
means of heated air and gas.

In carrying out the above process Mr.
Bessemer prefers to melt the nitrate of

soda, nitrate of potash, or other fusible

matters in a jacketted iron vessel by
means of highly-heated atmospheric air

or superheated steam, and to use the press-
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ure of such air or steam to act on the

surface of the fluid matters, in order that

they may thus be driven downward upon
the fluid metal with such forceas to pene-

trate far into the molten mass, and put

the latter into rapid motion, and thus in

turn bring all parts under operation. This

motion in cylindrical vessels is best at-

tained by placing the jet pipes at a tan-

gent to the circumference.

EAILWAT NOTES.

Railway Progress in the United States.

—In 1865, the first 40 miles of the Union
Pacific Railroad were laid; in 1866 there

were constructed 265 miles; in 1867 a

further length of 245 miles, and to Nov-
ember 1, in 1868, there had been con-

structed 330 miles, or, in 4 years, 880

miles. The total length of the road is

1,657 miles. The Central Pacific, not-

withstanding the intervention of the

Sierra Nevada, has progressed with equal

rapidity; and the Union Pacific (E. D.)

was, November 1, in operation from
Kansas City to Sheridan, 405 miles. Rail-

road construction in the States east of

the Mississippi and west of Pennsylvania
has been during this period as follows

:

Miles of Road.

1864. 1S68. Incr.

800
920
160

1,050

3,100
870

2,200

3,200

1,680

1,200

560
1,200
3,400
1.260

2,600

3,340

830
280
400
150
300

Michigan 390
400

Ohio 140

Total 12,300 15,110 2,890

Thus in these 8 States in 4 years
nearly 3,000 miles of new railroad have
been laid and millions of dollars expended,
not only on these, but also in improving
previously existing lines. The total in-

crease in cost has been nearly $200,000,000,
or about $15 per head of the population.
Among the principal railroads in pro-

gress, or constructed in the four years re-

ferred to, the following are the most im-
portant:

In Iowa: the Iowa division of the

Chicago and Northwestern, the Iowa
division of the Chicago, Rock Island, and
Pacific, the Burlington and Missouri
River, the Sioux City and Pacific, and the

St. Joseph and Council Bluffs. By the

time that the Pacific Railroad is com-
pleted, the Rock Island and Burlington
lines will have reached the Missouri.

In Missouri: the Pacific of Missouri,

and the extensions of the North Missouri
towards Iowa and the Missouri River.

The Southern Pacific is also being ex-

tended southwest, and the St. Louis and
Iron Mountain south, the latter to a con-

nection with the Southern railroads at

Columbus, Ky. The St. Joseph and
Council Bluffs Railroad has also been
completed to a connection with the Iowa
Railroad of the same name, giving St.

Louis an indirect route to Omaha.
Several other roads are projected to con-

nect with the Union Pacific Railroads.

In Minnesota: the Milwaukee and St.

Paul, the Winona and St. Peter, and the

Minnesota Valley. Considerable progress

has also been made in the first division of

the Pacific Railroad and its branch north
to Watab has been opened through.

In Illinois: the St. Louis, Jacksonville,

and Chicago, which gives another connec-

tion to the Illinois Central. The Rock-
ford, Rock Island, and St. Louis is now in

course of construction, chiefly as a mineral

road, and designed to supply coal to rail-

roads, etc. The St. Louis, Vandalia, and
Terre Haute, and the Cairo, Mound City,

and Vincennes are also in progress, with
a view to their early completion.

In Michigan: the Jackson, Lansing,

and Saginaw, and the Flint and Pere
Marquette, are the principal new construc-

tions. There is also being constructed a

more direct line between Port Huron and
Chicago, known as the Air-line. The
Grand River Valley Railroad is approach-
ing completion.

In Indiana: the Columbus and Indiana
Central Railroad has completed a line

from Union City to Logansport, and con-

solidated into itself the Chicago and
Great Eastern, the Indiana Central and
the Logansport and Burlington. There
is also being built a line from Indianapolis

to Vincennes to connect with the road to

Mound City and Cairo; and several other

lines are projected.

And in Ohio: several short lines,

chiefly auxiliaries of existing lines. In
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this State several important consolida-

tions have been effected.

Further east the principal developments
have been rather improvements than new
works. In New York the Erie is having
a third rail laid to accommodate the nar-
row cars. The Hudson River has com-
pleted its second track, etc. The lines in

progress frora the Hudson have chiefly a
northwestern direction, and will connect
with the Central, the Midland being the
most important. In a few years the Bos-
ton, Hartford, and Erie, will continue the
Erie Railway to Boston. In the city of

New York the depot and warehouse ac-

commodation has been largely extended.

In Pennsylvania, especially in the eastern
portion, the extension of roads is being
rapidly carried on, the objective points

being Easton, on the Delaware, and New
York city. In the souttnvest of the State

the construction of the Pittsburg and
Connellsville Railroad to a connection
with the Baltimore and Ohio is being car-

ried on actively. New Jersey has also

made extensive improvements in its rail-

roads and accommodations for an in-

creasing traffic. The works at Hoboken,
Jersey City, Communipaw, and Elizabeth-

port are among the most extensive in the

United States. In the Delaware peninsula

railroad building is very active; and
Maryland is connecting Baltimore more
firmly with both East and West.

—

Hunt's

Merchants' Magazine.

Irish Railways.—The total completed
length of railways in Ireland is 1,908^ miles

of which there are 1,408 miles of single

track, and 500J miles of double line. The
length of railways in hand, and not yet

finished, is 252 miles, and 339J are au-

thorized, but not yet commenced. Of
the first, the principal are the Great
Southern and Western line, with a length

of 165| miles, and 253 \ miles of branches,

connecting Cork with Dublin; the Great
Northern and Western, 82f miles long,

starting from Westport and ending with

a junction at Athlone, with a short branch
connected with the Great Southern and
Western ; the Midland Great Western,

crossing the island from Galway to

Dublin, with a length of 1261 miles of

main lines and 120 miles of branches; and
the Dublin, Wicklow, and Wexford Rail-

way, with 9S| miles of main and branch
lines.

On all these railways the bridge rail

is the section principally employed, the

mileage of flat-footed permanent way
being 712 f ; of double-headed rails 308;
and bridge rails 1,750^, which, together
with 37 miles of various other sections,

make a total of 2,408| miles. The bridge
section is, however, being abandoned, as

is evidenced by the fact that only 6 of

the different railway companies are
adopting them for the permanent way
renewals. The Great Southern and
Western, who have hitherto employed
rails weighing 80 and 90 pounds to the

yard (the heaviest section in Ireland),

are now replacing them with flat-footed

rails. 26 other railways are following

the example, while 6 companies are again
employing the double-headed line.

Hoosic Tunnel Notes.—The work un-
der the old contract has practically

ceased, and it will not be renewed until a
contract such as the last Legislature pro-
vided for is made and accepted by the

Governor. The " Springfield Republican"
says : We believe that the faith and hope
in which the good people of the State

have carried on the work, is fast break-
ing down. The tide is turning against
the expenditure of any more of the peo-
ple's money in that work. They say,
" If it can be done, why will not the Fitch-

burg and the Vermont and Massachu-
setts railroads, which will most profit by
it, and eventually will own it—why will

not these corporations undertake the

job and spend their own money in it ?

If they won't, we won't."

The condition of the work is as follows

:

On the east side the penetration reaches
1 mile through solid granite ; the full-

sized tunnel less than \ a mile. The
central shaft is sunk about 600 feet, and
has 400 more to go. It is elliptical, 27 X
15 feet. On the west side the tunnel
reaches 700 feet through quicksand and
rotten stone, and is lined with brick. The
west shaft is done, and the tunnel is

driven from it 1,500 feet to the east, and
1,000 feet to the west. The entire length
of the tunnel will be 4| miles, of which 3

are yet to be excavated.

Michigan Car Works.—The buildings

of the Company at Detroit cover 4 acres.

The specialty is freight cars. The num-
ber of hands is 150; the capital $100,000.
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Railway Construction.—The following

bits of high science are from a series of

articles in a London technical paper.

Speaking of sleepers : In America that

kind of pine known as " Hemlock," or
" Hemlock Spruce," has been found the

best, although with such a choice of tim-

ber, white oak, chestnut, and all sorts of

wood are used. Sleepers must always

be straight, and of an uniform size, for

otherwise the bearing or rather the run-

ning, would be commensurately imper-

fect, or "poor," as it is called. As to im-

proved rails : Rails should be made of

puddled iron, that is, iron into which at-

mospheric air has been introduced by
stirring or " puddling" with a rod whilst

in a soft state. We most of us know the

mode of annealing, or rendering brittle

iron wire soft, so that it will bend with-

out breaking—namely, by heating and
allowing it to cool—in other words, ex-

posing it when hot to the air. This is a
simple thing enough, and the principle

upon which it is done forms the basis of

Bessemer's steel. (!)

Electric Repeaters for Railway Sig-

nals.—On several of the English rail-

ways, the proper condition and working
of distant signals is made known to the
signalman in the station by electric " re-

peaters." By means of a very simple ar-

rangement—1st, the raising or lowering
of the signal makes or breaks a circuit

which shows or repeats the same opera-
tion on a model of the signal in the sta-

tion. Tf the wire or other apparatus
leading from the station to the signal is

out of order or fails to work from any
cause, the model also fails to work, and
the danger is at once discovered ; 2d, at

night, the light in the signal is arranged
to heat a piece of iron above it. If the
light goes out, the piece of iron cools,

contracts, and so breaks a circuit which
at once covers up or puts out a corre-
sponding light in the signal station. A
similar apparatus could be well, and in the
long run economically applied to testing
the condition of switches where trains
have to pass them at speed.

Railroad Trace-Layer.—This machine
is said to have laid from 1 to 2 miles of
track in 12 hours on the Yallijo and Sacra-
mento Railway. The contractor is of the
opinion that it may be so improved as to

Vol. I.—No. 1.-6

lay 5 or 6 miles per day—or 12 times as

fast as by hand.
The machine is a car 60 feet long and

10 wide. It has a small engine on board
for handling the ties and rails. The ties

are carried on a common freight car be-
hind, and conveyed by an endless chain
over the top of the machine, laid down in

their places on the track, and when
enough are laid a rail is put down on
each side in proper position, and spiked
down. The track-layer then advances,
and keeps on its work until the load of

ties and rails is exhausted, when other
car-loads are brought. The machine is

driven ahead by a locomotive, and the
work is done so rapidly that 60 men
are required to wait on it.

Bridging- the Connecticut River.—
Messrs. A. D. Briggs & Co., of Spring-
field, Mass., have made a contract with
the Shore Line Railway Company to

build the drawbridge across the Connec-
ticut River at Lyme. The bridge is to

consist of 5 spans of 175 feet each, 3 of

which will be east of the draw and 2 west.

The length of the draw is to be 275 feet,

and allowing 35 feet for the central pier

leaves 120 feet clear. The piers are to

be made of cast-iron cylinders, each cyl-

inder to be driven over a cluster of

12 piles, and the interstice filled with
concrete. The draw is to be of iron, and
the rest of the bridge will be constructed

on the Howe plan. The cost of the whole
structure will be about $200,000.

—

Bail-

way Times.

Ohio Bridge at Louisville.—The iron

railway bridge now in course of construc-

tion between Louisville, Ky., and Jeffer-

sonville, Inch, will be just lmile in length.

It will have 24 spans ; 2 of these will be
370 feet each, and 6, 245.5 feet each. Ex-
cepting on the longest spans, the rails

will be placed on the tops of the gird-

ers, these being of the class known as the

Fink truss. The estimated cost of this

bridge, which is to be completed by Sep-
tember 1, 1869, is $1,600,000. The chief

engineer of the work is Mr. Albert Eink,

and the assistant engineer, Mr. F. W.
Vaughan.

Chicago River Tunnel.—This work is

approaching completion, and is to be
opened in the spring; cost $500,000.
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Peat fob Locomotive Fuel.-—The fol-

lowing is the report of a commission sent

out by English capitalists to test the value

of peat as a fuel for the purposes of run-
ning the Grand Trunk Railway in Can-
ada :

Number of miles run by train .... 683
Aggregate distance run by all the

cars 15,267
Average number of cars per train 22.4

Peat consumed, in pounds 48,475
Wood, in pounds, for same work 105,187
Number of miles run per ton of

peat 31.6

Number of miles run per cord
maple wood 27.6

Experiment in favor of peat, 14 per cent.

A Railroad Questions— The Grand
Trunk Railroad being in a state of com-
plete wreck, owing to the miserable mis-

management and corruption that has pre-

vailed in its direction, the question is

whether the railway commissioners, 3 in

number, who are appointed by the State

to make frequent inspections of the track

and of the service of the railways, and to

report all defects and abuses to the proper
authority, are liable criminally on indict-

ment for murder, as accessories before

the fact, should death result from the

running of trains over roads left in such

a condition by their negligence.

—

Spring-

field Republican.

An Underground Railway in Paris is to

be built, more with the view of bringing

in market produce from the suburbs than

for the purposes of passenger traffic. It

is to start from the Halles Centrales, at

the extreme end of the Rue St. Honore,
and take the line of the quays as far as

St. Cloud, whence it will proceed to La
Marche, famous for its steeplechases,

where an immense station is to be con-

structed, which will form the starting

point of a new circular railway passing

entirely round Paris at several miles dis-

tance.

—

Railway News.

Singular Railway Accident.—A 1,600

feet tunnel on the Marietta and Cincinnati

road, caved verv badly during excava-

tion, and was filled in, over the arch,

with 8,000 cords of wood (!), which re-

cently took fire, burned the stone to

lime, and filled up a great part of the

tunnel

The Gauge Question.—The laying of a
third rail for narrow gauge trains, through-
out the length of the Erie road, is said to

be decided upon. Engineers long since

estimated that the saving of expenses on
the narrow gauge, would, in say 30 years,

pay for the change of track and equip-
ment. But it is possible that the intro-

duction of steel rails will enable the wide
cars to carry weight in proportion to

their width without injury to the perma-
nent way, and that the railway of the

future will be wider than 4 feet 8^-

inches.

New Railroads in Georgia.—State aid

having been granted, the " air line " road
from Atlanta to Charlotte, N. C. (travers-

ing the gold belt), is likely to be built.

The Northeastern road, connecting At-
lanta (and Augusta) with the Tennessee
roads, is also being pushed forward. The
Macon and Brunswick road is nearly

completed. Branches of the Southwest-
ern, through the fine cotton region, are

also in progress.

New Railway across Egypt.—The new
route by rail from Alexandria to Suez,

by way of Zagazig, was opened in Octo-
ber. The former route by rail was from
Cairo to Suez, the distance from Alexan-
dria to Cairo being traversed by canal

and the Nile, or by rail; but this making
a considerable detour, and lengthening
the journey. The entire length of the

new route is 85 miles.

Insurance Tickets.—As long as cars are

warmed by coal stoves, and combustibles
are mixed up with general merchandise,
passengers should provide themselves
with stamped and directed envelopes, buy
insurance tickets at stations, and post

them to their friends before consigning
themselves to etc., etc. Otherwise their

evidence of insurance will be burned up
with them.

Pennsylvania Railroad Management.—
" The watchful forethought which pro-

vides for every emergency, and the energy
with which all works essential to the ac-

commodation of the public on this road
are prosecuted," is the just comment of

the "Railway Times" on the rebuilding

of 5 spans of the Harrisburg bridge in

12 days.
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Quadruple Tracks.—The Midland Rail-

way has 4 lines of rails from London
to Bedford. The North-Western has 3

lines for 46 miles out of London, and the

Great Northern will soon have 3 lines for

22 miles.

The New Haven and 'Northampton R. R.

Co. at the expiration of its lease to the

New York and New Haven, in June, 1869,

will equip it with new material through-
out, and will extend the CoUinsville

branch to New Hartford.

OBSERVATIONS ON THE WOOEF ENGINES

RECENTLY INTRODUCED INTO THE FRENCH
NAVY.

BY VICE-ADMIRAL LABROUSSE.

Translated from Annates du Genie Civil.

Note by the Editor of " Annales du
Genie Civil."—A question of great im-
portance is agitated in the Special Com-
missions of the Marine; that is, the adop-
tion of a better type of engine for the

vessels of the fleet. This question also

touches so very nearly the interests of

the commercial marine, and the great

works for the construction of steam en-

gines, that we cannot neglect this occasion

to make known to our readers the differ-

ent opinions held by men whose opinions

and works have greatly contributed to

place our marine in the first rank.

We repel the idea that in such grave
circumstances, in which it is proposed to

render general a system, good or bad,

which involves the outlay of many mil-

lions, personal influence can prevail, and
an erroneous system be adopted, because
it comes from a high quarter, with the

prestige of a name that generally is ac-

cepted as a guaranty of truth. To aban-
don frankly a theory when facts demon-
strate that it does not realize the results

expected from it, is a rule of conduct
among engineers who are ambitious to

achieve real progress rather than momen-
tary celebrity. The real progress is gen-
erally attained by experience gained in

contending with the practical difficulties

that are met in attempting to carry out
theories.

In publishing (April, 1867) the paper
read before the Academy of Sciences by
Mons. Dupuy de Lome, and in publishing

now that by Vice-Admiral Labrousse, we
give our readers the means to form a

clear opinion of the two systems which
are placed in competition. We think,

with the majority of competent judges in-

terested in the question, that the Woolf
system, applied to marine engines, has no
advantages, and many inconveniences;

and, without adopting the violent criti-

cisms which the English engineer Burgh
has made on the engines of the " Fried-

land," in the " Engineer" of August 23,

1867, we think that the paper of Admiral
Labrousse, by its numerical results, sus-

tains the conclusions of Burgh.
The " Friedland's" engine has three

cylinders operating on cranks 90° and
135° apart. In the middle cylinder the

steam is at full pressure, for .8 of stroke,

and is then cut off. It is exhausted into

the two other cylinders of the same size;

and when released from them into the

condenser, it has double its initial volume,

and half its initial pressure. The cylin-

ders are 84 inches diameter and 52 inches

stroke, and work at 56 turns per minute

;

and the mean pressure in the high-press-

ure cylinder is computed at 33 inches of

mercury.

Observations of Admiral Labrousse.—
Several journals have published a note

of Mons. Dupuy de Lome on the engines

with 3 equal-sized cylinders, with steam
direct from the boiler admitted into only

1 of them, which note had been communi-
cated by him to the Academy of Sciences.

Though that note contains, on several es-

sential points, and even principles, asser-

tions in which we think there are grave
errors, we should abstain from examining
it critically if the question had not a

serious importance in relation to our na-
val material, and the precedents it might
establish were not likely to be too much
relied upon.
In July, 1863, a commission, composed

of Vice-Admiral Labrousse, president;

Mons. Sabattier, engineer of the marine,
Mons. Guesnet, sub-engineer of the ma-
rine; and Mons. Testard du Cosquer,
lieutenant, was directed to make compar-
ative experiments on the engine with
3 cylinders, and on the ordinary engine
with 2 cylinders.

These experiments had great interest;

for it was desired to know whether to

commit the imperial marine definitely to
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the 3-cylinder system, as applied in the

Friedland, or 3 cylinders acting inde-

pendently ; or to adopt in 2 other frigates

then in progress, ordinary 2-cylinder en-

gines of equal power.
The duration of each experiment was

12 hours. Dispositions were made to

work the engines either in the way for

which they were constructed, with steam
admitted directly into only 1 cylinder,

or in the ordinary way. In the latter

case, the ports of the middle cylinder were
stopped, and the valve removed, so that

the steam could go directly to the outside

cylinders after passing through the valve-

chest of the middle cylinder. The engine
was thus transformed into an ordinary
2-cylinder engine, but with some disad-

vantages attendant. 1st, that the steam
on its way to the cylinders had to circu-

late in the pipes and valve-chest of the

middle cylinder; 2d, that they had to work
2 cranks set 120° apart, instead of 90°.

The experiments were made alternately,

with the machine in its normal condition,

and thus transformed. All precautions

suggested by experience were taken to

arrive at results as minutely exact as

possible.

The general result of the trials was an
economy of 3 per cent, of the fuel in

favor of the new system. But in the 2

last trials which the commission deemed
more comparable between themselves,

this economy rose to 7 per cent.

Being directed to express its opinion

on the comparative utility of the 2 ma-
chines for use in war vessels, the com-
mission, after balancing their advan-

tages, decided in favor of the 3 cylin-

ders. But, notwithstanding the saving of

7 per cent, of the fuel, they advise that in

the 2 vessels of 1,000 horse power about

to be engined, the 3 cylinders should be
arranged to work independently, but

capable of rearrangement to work on the

Woolf system, if new experiments on a

larger scale should show farther advan-

tages in that system.

In consequence of that advice the en-

gines of the Gauloise and the Revanche
have been constructed with 3 independent
cylinders, with provisions for making the

change suggested.

The note cited presenting, as an impor-
tant progress, the use of " engines with 3

equal cylinders with steam admitted

directly into only 1," of which the en-

gine of the Loiret presents the first speci-

men, there may be a disposition to con-
clude that the commission has erred in

its appreciations ; and that in recommend-
ing engines with 3 cylinders of the type
of the Gauloise in preference to those of

the type of the Loiret and Savoie, it might
lead the administration of the marine into

a way that would be regretted.

Now, there is no danger of this. The
last comparative experiments made under
the same conditions, between the engines
of the type of the Magnanime and. the
Savoie, and those of the Gauloise type,

proved incontestably the superiority of

the latter; and, consequently, fully con-
firmed the conclusions of the commission.
As will be seen, that proof is easy to be
apprehended, and will not escape those
who have opportunity to judge of it. To
render it more clear, we will follow step

by step the author of the note, in the
parallel which he draws between his en-
gine and that with 2 cylinders.

The advantages which he claims in favor
of the 3-cylinder system are : 1st, economy
of fuel; 2d, the facility to increase the
number of turns that may be given to the
screw without gearing ; 3d, the almost
complete balance of the movable parts

around the shaft, whatever may be the
position of the vessel in rolling. We pro-

pose to demonstrate that, compared with
the 2-cylinder engine, these advantages
are null, or much exaggerated; and that

compared with the engine with 3 cylinders

independent, the new machine, derived
from the system of Woolf, is far inferior in

all respects, except that of economy of

fuel, in which they are sensibly equal.

1. Economy of Fuel.—The note esti-

mates at 20 per cent, the economy of fuel

which the new engines realize over the 2-

cylinder engines. This is a mere hypo-
thesis, which, thus far, is not confirmed
by facts. In reality, if we recur to the

experiments on the Loiret, which, on ac-

count of their great number and duration,

are entitled to confidence, the mere econ-

omy of the new engine over the old one
is but 3 per cent., and in the case most
favorable for it is but 7.2 per cent. And
we must further remark that the 2-cylin-

der engine on which the experiments
were made was that of the Loiret, tempo-
rarily transformed for the purpose ; and
that it presented, as we have already said,

in respect to the working of the steam, a
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certain inferiority to the ordinary 2-cylin-

der engine, because of the unusual cir-

cuit the steam had to make on its way to

the cylinders, and because of the irregu-

lar working.
Actually, if we compare the new sys-

tem with that of the 3 independent cylin-

ders, it will suffice to assure us that they
are sensibly equal in economy cf fuel, to

look at the following table, which shows
the results of the experiments recently

made under full steam by the frigates.

The Magnanime, the Savoie, and the Val-

eureuse have engines on the new system
of Mons. Dupuy de Lome; and the Re-
vanche and Gauloise have engines with
3 independent cylinders:
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The consequences derivable from these
figures are : 1st. If we compare together
the engines built by the works of the
Forges et Chantiers, we see that the Re-
vanche, working with 3 cylinders independ-
ent, has an advantage of 6.6 per cent, over
the Savoie, with the new arrangement.
The Gauloise and Magnanime, by Maze-
line, the advantage is 6 per cent, in

favor of the new arrangement. 2d. Com-
paring the mean consumption of the 3
new engines with that of the 2 ordinary
ones, we find 1 per cent, in favor of the
former. From these we may conclude
that the 2 types are sensibly equal in

economy of fuel, under the conditions in

which they were tried. But it should be
observed that in the ordinary engines one
source of economy was neglected ; since

the same degrees of saturation were
maintained as in the others, though the
pressures averaged 28 inches lower. If

the blowing-off had been proportioned to

the pressure, there would assuredly have
been an economy of at least 4 per cent,

in favor of the old system.

We will add that, for the greater num-
ber of competent men, it is no longer
doubtful that with an ordinary engine,

conveniently disposed, we can obtain re-

sults as economical as with the Woolf en-
gines.

Further : these engines were not steam-
jacketed. That of the Friedland, which
was the subject of Mons. Dupuy de L6me's
note, was steam-jacketed ; and on this

addition, and some other dispositions, the
author founded his hopes of a notable
advantage in favor of his new system. As
these favorable additions and dispositions
are applicable to the old system, it is clear

that this system can derive an equal bene-
fit from them ; and that, consequently,
they cannot affect the relative economy
of the two systems.

In sum, we must consider the two sys-

tems as having shown equal economy of
fuel ; and there is no appearance of that
economy of 20 per cent, in fuel, which is

the question in the note we have to ex-
amine. And we doubt if even this

economy, were it realized, would compen-
sate for the notable disadvantages of the
new engines, as compared with ordinary
engines.

Another important fact appears from
the figures in the preceding table ; it is,

that for pressures as high as 54 to 60



66 VAN NOSTRANDS ENGINEERING MAGAZINE.

inches in the new engines, working with

full steam, the power varies from 3,467

to 3,506 horses, while those of the

Gauloise with only 33.2 inches, and cut-

ting off at .4, develop a power of 3,639

horses. This power was raised even to

3,886 horses during three consecutive ob-
servations out of the nine which were
made during an experiment of 6 hours
and 20 minutes ; the pressure then rising

to 36 inches. And the Savoie, with 60
inches, developed only 3,107 horses power,
while the Revanche, with only 26.8 inches

pressure, developed 2,554 horses power.
Hence it appears that when the new en-

gines work at the normal and pre-

scribed pressure of 53 inches, and no
longer at that of 60, used in the experi-

ment, they will develop a power notably
less than 3,500 horses, whatever may be
the energy of the fires and the production
of steam; because in the trials the admis-
sion of steam was at its maximum.
On the contrary, in the ordinary en-

gine, the power, which was kept at nearly

3,000 horses during part of the experi-

ments, could be raised much higher with-

out augmenting the pressure, were the

production of steam sufficient to admit it

during .65 of the stroke, instead of only

.4, at which they then worked.
The ordinary engine, with three inde-

pendent cylinders, has then, in this respect,

a considerable advantage over that on the

system of Woolf ; for the power of this,

inferior to what it ought to be, cannot be
augmented except by an increase of the

speed of movement, which is already ex-

cessive ; while the speed of the ordinary
engine, without diminishing its power,
may be notably reduced by lengthening
the pitch of the screw, accompanied either

by an increase of pressure, or by a longer
admission of steam, the pressure remain-
ing the same, without sensible loss. The
pitch, for example, could be 28.3 feet, the

same as heretofore adopted for engines
of this power.
In other points of view, the speed of

movement, which is required to be greater

in the engines on the new system than in

that to which the engines of the Gatiloise

may be reduced for a given power, as we
have explained, increases the chances of

derangements in the machinery so much
the more by requiring a higher pressure
and temperature; so that there is a con-

straint to run faster, when, on the con-

trary, there should be less speed than in

the ordinary engine, to insure equal safe-

ty. This is a grave inconvenience.
While saline incrustations present, in

their formation, irregularities which are
unexplained, experience proves that we
cannot without danger employ pressures
so high as 54 inches. In fact, in the Loi-
ret, with 50 inches mean pressure, copious
blowing-off did not suffice to keep the
boiler free from incrustations, which in 96
hours of firing attained to a .4 of an
inch thickness, although care was constant-
ly taken to keep the salinoineter (satur-

ometre) under the regulation figure

of 3°. It was therefore indispensable that

the new engines should be provided with
surface condensers, in order that the high
pressures they require should be admis-
sible; and that condition was pointed out
in 1863 by the president of the commis-
sion, for cases in which this kind of en-
gine was persisted in.

Finally, we must foresee the time when
boilers will be more or less weakened by
use, and it will be necessary to lessen the
pressure on the safety-valves, and work
with lower pressure. In the new engines,

which, even with the normal pressure of

54 inches, do not develop the power de-
sired, there will be a diminution of power
corresponding to the diminution of press-

ure, while in the Gauloise engines there
will be the capability of maintaining full

power, even with the low pressures, by
allowing the steam to follow as far as may
be necessary.

2. Capability of increasing the number of
turns of screws that can be obtained with-

out gearing.—To prove this capability, M.
Dupuy de Lome depends on the assump-
tion that while the effectiveinitial press-

ures in his engine is 38.4 inches, that

in the 2-cylinder engine must be 75.2

inches. "Without examining at this moment
whether the initial effective pressure will

be under all circumstances 38.4 inches
in the new engines, it is easy to see

that the author commits a manifest
error in estimating at 75.2 inches the
pressure in the 2-cylinder engine work-
ing under the conditions indicated. In
effect, this is his reasoning :

" With an
engine with 2 cylinders equal in diame-
ter and length to those of the 3-cylinder

engine, and making the same number
of turns, it would be necessary to in-

crease the mean pressure in the ratio of
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3 to 2 : it would then be 50.4 inches in-

stead of 33.6. But to obtain this mean
pressure of 50.4, even with an admission

of .7, and a back pressure of 4 inches,

it would be necessary that the initial

pressure should be 79.2, giving 75.2 inches

effective pressure."

The first of these assertions is very ex-

act; but the second is absolutely inad-

missible. It is true that the mean press-

ure ought to be 50.4 instead of 38.4

inches; but it is easy to see by the dia-

gram, that to obtain a mean pressure of

50.4 with an initial pressure of 79.2, it

would be necessary that the lino of press-

ures should assume a special curve,

which could not be produced except on
the double condition of close throttling

and cutting off at .2 or .3 of the stroke.

In the case we are discussing, cutting off

at .7, we are far from this last hypothesis.

As to throttling, we need not have
recourse to it: for it is too generally ad-

mitted, contrary to an opinion that has
long prevailed in the marine, and that

the author of the note seems still to hold,

that throttling is disadvantageous, since

even in the condition in which he places

it, the loss of power by it would not be
less than 10 per cent. And to get a mean
pressure of 50.4, the boiler pressure would
be raised, not to 83.6, but only to the
point necessary to get the mean pressure
proposed, with the valves wide open, as

has usually been the practice; and in

that case we should have a diagram of the
usual form. Under these conditions it

will be seen that for a mean pressure of

50.4 the maximum will be 56 inches in the
cylinders, and about 34.8 in the boilers

above the atmospheric pressure.

In what concerns the engine with 3 in-

dependent cylinders, the maximum press-

ure according to the diagrams would be
54 for a mean pressure of 33.1 inches.

And, even according to this mode of com-
putation, the maximum pressures in the
2-cylinder engines would exceed that in

the new engines by only 17.2 inches in-

stead of 36.8, as assumed in the note,

and by only 14.8 inches in the engines
with 3 independent cylinders, an excess
that could easily be made to disappear,
as we have before shown.
But this mode of computation is abso-

lutely inadmissible, because it takes no
.account of the inertia of the reciprocating
parts. In effect, during the first half of

the stroke, the pressure on the joints of

the connecting-rod is equal to that on the
piston, minus what is necessary to give

to the reciprocating parts the speed re-

quired by the movement of the crank.

During the last half, on the contrary, the

pressure is equal to that on the piston,

plus what is necessary to extinguish the

speed, or the vis viva generated during
the first half of the stroke.

Calculations of all the particulars of

this nature involved in the three types of

engines, show that the new engine has an
advantage of only 10 per cent, over the

2-cylinder engine ; that is, in the ordinary
2-cylinder engine the maximum pressure
is only 10 per cent, greater than in the

new engine; and in the engine with 3 in-

dependent cylinders the maximum press-

ure is a third less than in the new engine.

These consequences singularly attenuate

the importance which the author hopes
to draw in favor of his new engines, from
the consideration of the more equable
pressure on the gudgeons and crank-pins,

as compared with the ordinary 2-cylinder

engine; and they show, in this respect, a

great advantage in favor of the engine
with 3 independent cylinders—a double
result which appears not to have been
foreseen.

3. Static Equilibrium.—The third ad-

vantage claimed by the author in favor of

the new engine is, " the almost complete
static equilibrium of the moving parts

around the shaft."

This assertion is evidently exaggerated,

for the fixing of the 3 cranks at 90° and
135° distance affects notably (in the ratio

of 1 to 1.4) the static equilibrium in ques-

tion. If, in this respect, we compare the

engine of the Friedland with 2-cylinder

engines, which are counterweighted, as in

the practice of Mazeline and Ladret, it is

easy to see that the latter are in the best

condition of static equilibrium; and that

if one them had been set up in the Champ
de Mars in the same manner as that of

the Friedland, it would have shown re-

sults superior in this respect.

As to the engines with 3 independent
cylinders, they also are manifestly in the

best condition of static equilibrium, since

their cranks are fixed exactly at 120°.

Finally, if we consider the variations of

the couples of rotation, it will appear, from
the curves which represent them, that

there is a considerable advantage in favor
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of the engine with. 3 independent cylin-

ders; and a less but still notable advan-
tage in favor of the 2-cylinder engine.

In effect, the ratio of the minimum to

the maximum power during the revolu-

tion is: for the 3 independent cylinders,

1 to 1.4; for the 2 cylinders, 1 to 1.74;

and for the new engine 1 to 2.56.

The fixing the cranks at 90° and 135°

has more serious consequences than might
be supposed. We have said that it alters

in the ratio of 1 to 1.4, the conditions of

the static equihbrium. An examination
of the curves of rotation will show the
pernicious influence which it exercises in

this new point of view.

Conclusions.—Comparing the new en-
gine, derived from the system of Woolf,
with the common 2-cylinder engine, we
see, from what has been shown, that the

latter (placed in conditions exceptionally

disadvantageous, as it was in the Loiret)

consumes from 3 to 7 per cent, more fuel;

a small inconvenience in itself, which is

more than compensated in a war vessel

by the advantage of employing for the

same number of turns of the screw, a

much lower pressure in the boiler, and
consequently a lessened liability to incrus-

tations—so rapid at high temperatures,
and a lessened danger of eventual rupture
of the boiler ; or, if it be preferred to use
the same pressure, a slower rotation of

the screw may be adopted.

The maximum stress on the gudgeons
and crank journals are greater in the

2-cylinder engine ; but are not double, as

the author of the note claims; and the

difference, 10 per cent., is at most insig-

nificant.

In compensation, the uniformity of the

couple of rotations is more satisfactory in

the 2-cylinder engine, and this engine

costs less, weighs less, and occupies less

room ; and herein (besides the lower
boiler pressure) is an important military

advantage, since the excessive thickness

of the armor plates now used puts great

difficulties in the way of the effective

armoring of the vital parts of war vessels.

Finally, since the normal pressures in

the boilers are very unequal in the two
engines, for a given power, it follows that

when the boilers have become weak, and
it is required to lower the pressure, con-

formably to the rules in force, that reduc-
tion will be much more disadvantageous
in the new than in the old engine ; for

the power of the new engine will decline

with the pressure, while that of the old
one will remain undiminished though the

pressure be greatly reduced.
After balancing their respective advan-

tages and inconveniences, it appears that

the superiority attributed to the new ma-
chine by its author, over that with 2

cylinders, is entirely contestable. But
compared with the 3-cylinder engines
of the Gauloise type, the new type of the

Savoie falls short in all respects. In
effect : 1st. They are equal in economy
of fuel, nevertheless, with 23.6 inches
lower pressure, the Gauloise engines have
realized 400 horse power more. 2d. They
offer more security in running the screw
at higher speed, because the couple of

rotation is more regular, and the stress

on the journals is 50 per cent, less, and
the strains that may arise from elevation

of the temperature of the steam are less

to be feared. 3d. The static equilibrium
of the reciprocating parts is more com-
plete, because of the more regular posi-

tions of the cranks on the shaft. 4th. To
realize the normal power of 4,000 horses,

we can in these engines reduce the speed
of screw adopted in that of the Friedland,
by increasing either the pressure (with-

out exceeding the hmit of 53.2 inches), or
the admission of steam ; while in the
Friedland's engine it cannot be obtained
without exceeding this pressure, or in-

creasing the number of turns, already too
great. 5th. As the normal admission in

the Gauloise engines is but .4, when the
boilers have become weakened, we can,

without lessening the power, by cutting
off later, use a lower pressure, which
would be impossible in the new engines,

where the admission is already at its

maximum. 6th. Finally, in case of dis-

abling one of the outside cylinders, the
engine of the Friedland, in the condition
in which it is worked, would be nearly in

the predicament of a 2-cylinder engine
with one cylinder disabled ; while that of

the Gauloise could disconnect either of

its 3 cylinders without ceasing to be a well-

connected engine.

To recapitulate : the 3 advantages which
the author attributes to the new engine
compared with the 2-cylinder engine

—

advantages which we have reduced to
their just value in this case—are changed
into many causes of marked inferiority

when compared with the 3-cylinder en-
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gine of the Gauloise type ; which pos-

sesses, moreover, the advantages of the

first order stated in sentences 4 and 5 of

the last paragraph. This machine, de-

rived from the Woolf system, is therefore

far from constituting an " important pro-

gress," as claimed in the Note. Its prin-

cipal defects may pass unperceived in

time of peace, because the occasions when
it is necessary for the engines of war ves-

sels to develop their full power will be
rare and of short duration. But during
war, for which these vessels are built,

the rapid movements which require
high pressure and hazardous speeds of

piston will be frequently required and ob-
tained; for the persons in charge will

then very often be over-excited by senti-

ments which in time of peace have in-

fluence only in very rare cases of danger.
Then will be revealed the serious dan-
gers of these engines. In prospect of

such eventualities, we should not hesitate

to transform them without delay into en-
gines of the Gauloise type, which, hap-
pily, can be done without difficulty. This
type begins to increase in the English
fleet (the type of the Octavia, by Mauds-
lay) ; and the Commission of the Loiret,

in recommending it in 1863, in preference
to that which the Note sought to establish,

indicated to the administration one of the
best ways that it could follow. That is

what we have endeavored to demonstrate
here: and we hope we have done so by
satisfactory evidence.

TT7°0-D Paper.—David Adam Fyfe, of
V V Edinburgh, patents methods of pre-
paring paper pulp from wood, etc. Ac-
cording to this plan the wood, reduced
to thin shavings, and cut into suitable

lengths, is boiled under a pressure of

about 10 pounds per square inch, first

with a solution of caustic soda, and after-

wards with a weak solution of sulphuric
acid. Next, the macerated shavings are
subjected to a crushing or opening out
process, and the fibre obtained is submit-
ted to action of a washing and beating
engine, the water used in this engine
being rendered acid by the addition of

about 1 part of sulphuric acid to each 30
parts of water. Finally, the fibre, whilst
still saturated with acidulated water, is

put into a bleaching engine charged with
a solution of chloride of lime ; and in

some cases air forced in by a fan or pump
is caused to pass up through the fibre

whilst it traverses the race of the bleach-

ing engine, thus facilitating the process of

bleaching. The patent includes the ap-
paratus to be employed in carrying out
the above mode of treatment.

CHIP Canal to Paris.—The " Eevue
O Moderne," of Paris, opens up an old
French idea, which was also a " Napo-
leonic idea"—that of making Paris a sea-

port by a canal to Rouen and Havre via

the Seine. It was one of Vauban's pro-
jects, and it was encouraged by various
monarchs. The present projectors say
that large ocean steamers could reach
Paris by canal, taking the freight at that

city and the coal at Havre. It is proposed
that government shall guarantee 4| per
cent, to the Canal Company, and that the

excess of the proceeds over 6 per cent, be
kept down by reduced rates. Remarkably
enough, the ancient blazon of the city of

Paris is a ship. The quays of the Seine
—the finest in the world—would seem to

have been adapted in advance to that idea

of a grand metropolitan canal, which
would be one of the most arduous modern
achievements in engineering-

.

TT7"ATERING Roads.—A paper was read
VV before the British Association on

this subject, tracing the history of the
practice from the time of throwing water
from the gutters with a shovel, to the

watering cart of the present day, which
inadequately does the work in London,
for instance, at the cost of half a million

(gold) per summer. The paper states

that 1 pound or | pound of chloride of

calcium and chloride of sodium mixed
to 1 gallon of water, thrown into the
watering cart, hardens and concretes the

surface of a road to such an extent that

no dust arises. Also that the saving of

water is 75 per cent. ; that the deliques-

cent salts are also antiputrescent; and
that much cost of road repairs is saved.

pENTIGRADE to Fahrenheit.—Multi-
VJ ply the centigrade degree by 2. Sub-
tract one-tenth of the product from the
product itself, and add 32 to the remain-
der. The result will be the Fahrenheit
degree.
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SEACOAST DEFENCES.

THE QUESTION OF MASONRY FORTS MON-
crieff's SYSTEM OF PROTECTING GUNS.

The recent experiments on ordnance
against armor at Fortress Monroe and at

Fort Delaware have repeated the fact so

often and so fully demonstrated at Shoe-
buryness, that adequate fixed iron de-

fenses are costly to an extent that may, with
our extensive coast line, absolutely pre-

vent their general introduction. The ex-

periments have also established other

facts of importance to which farther ref-

erence will be made.
The experimental targets at Fortress

Monroe were

—

First, an open embrasure
of earth, strengthened by iron about the

throat, designed as a modification of the

barbette system, and intended for the

protection of gunners and guns firing

over earthen parapets. Mere earthen

slopes would be too flat to afford any
protection. An iron shield, with a

notch in the top, forming an embrasure
for the gun, was, therefore, set into the

earthen embrasure. This shield was
composed of solid plates 12 inches thick,

supported at the back by 2 posts and a

cross beam, each 12 by 15 inches in sec-

tion, and embedded at the bottom and
sides in an internal wall of masonry.
Three spherical shots from the 13-inch

gun, and one from the 15-inch gun, broke
up the plates and the vertical beams very

badly. The horizontal beam was not

broken, but the internal walls and their

iron clamps were shattered.

The more important experiment was
upon a casemate having an iron front

or shield. Instead of the ordinary wall

pierced with an embrasure, the front of

the work consisted of 2 heavy piers,

one of stone and one of brick, 14 by 16

feet in plan, and 11 feet apart, this inter-

vening space being closed with the iron

shield pierced for the gun, and the

covered casemate for the gun being

formed of rear piers and arches in the

usual manner. The shield was composed
of two 12-inch plates about 4 feet wide
on each side of the embrasure, each plate

being supported by two 12 by 15-inch

vertical iron posts in the rear. To close

the bottom part of the opening between
these plates, a 15-inch plate, made up of

2 thicknesses of 7| inches each, was set up
outside of them, forming the sill of the

embrasure, and another narrow plate

formed the lintel. The whole was se-

cured by suitable bolts.

The shield presented an area of 11 by 12
feet, and received 6 shots at 150 yards
range, viz. : 3 steel balls of 480 pounds,
and one cast-iron ball of 450 pounds from
the 15-inch smooth bore, the last 3 being
with the maximum charge of 100 pounds of

powder; and 2 shots from the 12-inch

rifle, one of them a 658-pound steel bolt,

with 70 pounds of powder, and the other
a 658-pound chilled iron bolt with a 64
pound charge, representing 500 yards
range. One of the shots struck a lintel

over the embrasure, breaking it in two;
the others struck in most instances upon
the weakest parts of the shield, and with-

out perforating the 12-inch plates threw
off fragments from the rear of the plates,

though to no great distance, and which
would have been stopped by an inner
skin. 2 of the iron posts, to which the

armor plates were fastened, were broken
clean across, and a third post in 2

places, the fragments being thrown down.
Other shots were fired at the masonry
with charges representing 1,000 to 500
yards range. The brick pier, at the close

of the trial, was a mass of ruins outside,

while the stone pier, though badly dam-
aged on its face, showed no injury within
that need seriously impair its defensive

capacity. The most important damage
to the stone pier was at the angle where
it joined the iron shield, it having been
struck by an oblique shot. If the shield

had been built farther into the pier, this

injury would, probably, have been less

serious.

It is but just to General Barnard, who
designed the work, to state that 3 years

ago, when it was planned, no equally

heavy armor had been destroyed by Eng-
lish ordnance, and our own heavy guns had
not been tried with their present enor-

mous charges.

The other experiments at Fortress

Monroe were as follows : An embrasure
planned by the late General Totten, con-

sisting of the usual masonry with a throat

of plates or bars 8 inches thick, received

8 shots from this heavy ordnance, and
was badly shattered both without and
within.

The experiments at Fort Delaware, De-
cember 3d, were designed to test another
manner of strengthening an existing em-
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brasure by iron armor. One of the Tot-

ten embrasures of the fort was opened
out to a hole 8 feet wide by 6 feet high,

and lined by 1-inch iron plates. Inside

the opening was set up a solid 8-inch

plate backed by a 7-inch plate made in 2

pieces. The 15-inch shield thus formed
was pierced by a 3 by 4 feet embrasure
cut out of the solid iron, with rounded
corners, and was supported in the rear, at

each side, by a bracket extending from
the top to the bottom of the casemate,

and built into the masonry. The bracket

was made of vertical and horizontal 1-

inch, and l|-inch plates riveted together

like a compound girder.

A 621-pound chilled iron shot, with a

61-pound charge (representing 70 pounds
at 500 yards range), was fired from the

12-inch rifle at 150 yards range, and
1,180 feet initial velocity, and drove a

clean hole through the 15 inches of iron.

The second shot, a 15-inch steel ball with

81 pounds of powder, shattered the rear

of the shield, but did not penetrate. The
third shot, a 15-inch cast-iron ball, did

less damage, but knocked pieces off the

rear of the shield. Three 15-inch baUs
and one 12-inch rifle shot were then fired

at the masonry—the unbroken wall of the

fort, which was found to stand better

than the isolated masonry structures be-
fore mentioned. The 1-inch linings of

the embrasure did good service in keep-
ing out splinters. The box-bracket sup-
ports held on well, and proved, what has
often been proved at Shoeburyness, that

this is the best construction for backing
and supporting shields. The plates, how-
ever, were very defective. They were
rolled at Pittsburgh, from piles of l|-inch

plates, out of iron considered good for

machinery purposes, but evidently too
hard for armor. The English experience
long since proved that iron having the
highest tensile strength, is unfit for resist-

ing sudden blows, and that hard steel

plates are quite worthless for this pur-
pose. Hard plates are cracked like glass.

Soft plates are bulged and distorted, but
they keep out the shot. The plates referred

to were also badly welded; this was shown
by the complete separation of the 1^-inch
laminse at the fracture.

The question then arises, can our coasts
be protected by any other means than
perpendicular walls of either iron or
masonry ? General Barnard says on this

subject in a letter to the "New York
Times": "I feel confident that every en-
gineer would most gladly substitute earth
for crumbling granite; far more gladly,

indeed, than to resort to a material
so costly as iron and, as yet, so unsatisfac-

tory. Earth is the cheapest of all ma-
terials, and the best possible medium to

resist cannon shot. Let any one, how-
ever, look at a 15-inch or a 20-inch gun
mounted behind an earthen parapet, and
he will recognize that those who load
and direct these ponderous weapons are

scarcely protected at all, and this defect is

not remedied by forming an earthen em-
brasure. Unless, therefore, the battery

be very high, earth alone is entirely inad-

equate as a protection for guns or gun-
ners. Again, it frequently occurs that

very limited but most important sites are

to be occupied, such as the artificial sites

at Spithead, England, and many on our
own coast, which afford insufficient space
for the requisite number of guns in ordi-

nary earthen batteries, and which are so

low that such batteries are quite inadmis-
sible."

But another system of protection—Cap-
tain Moncrieffs system of gun-carriages

—

recently tried at Shoeburyness, has made
a considerable commotion in foreign mili-

tary circles, and may be destined, in

some form, to prevent the great exten-

sion of the old system of fortification,

although probably not to supersede
the use of the defenses at present con-
structed. By this system the force of re-

coil is utilized for the purpose of putting
the gun and gunners out of danger, by
sinking the gun below the parapet, and
that force is stored up by means of a
counterweight, to relift the gun to the
firing position when reloaded. And by
means of mirrors, aim can be taken and
the gun discharged without exposing the
gunners to any direct aim from the
enemy, whether riflemen or others.

Says the " Army and Navy Gazette" :

The late trials have had for their object

less to test the general working of the
carriage—which a very few rounds at

Woolwich has shown to be satisfactory

—

as to try whether in respect of facility of
working, rapidity, accuracy, and power
of sustaining rough usage, the system
would furnish satisfactory results. All
these points had, one by one, been urged
as objections to the system, and one by



92 VAN NOSTRAND'S ENGINEERING MAGAZINE.

one have had to be abandoned. The 7-

inch 6|-ton gun has shot just as accu-
rately from the Moncricff carriage as it is

capable of doing when mounted in the
ordinary way. It has shot well not only
at a fixed but at a moving object—thus
disposing also of the objection that the
carriage would be difficult to manage.
On this point further satisfactory evidence
is afforded by the fact that three men
managed the 22-ton gun, counterweight
and carriage, with ease and very fair ra-

pidity. With a full detachment, a rate of

fire of one round in 1 min. 32 sec. was
attained at a moving object. "We have
little doubt that it will be found practi-

cable to serve and fire guns mounted on
this system at a rate not exceeding a round
a minute.

It cannot be doubted, says this author-
ity, that the Moncrieff system is destined
to revolutionize the art of defense, except
in positions where earthworks are not
permissible; positions such as shoals, or

spits of land ; or for sea forts like the
Plymouth breakwater fort.

Yve may assume that earthworks will

take the place of masonry and iron
shields ; and that behind these earth-

works will be placed Moncrieff bat-

teries. Or better still, earthworks them-
selves will disappear and give way in

large measure to gun-pits, from which
the guns would rise, deliver their fire,

and disappear, leaving no mark for the
enemy's fire or tangible object of at-

tack. A more embarrassing position for

an army advancing through what is

deemed an undefended country, and find-

ing itself suddenly face to face with an
invisible fortress, cannot well be con-
ceived. But that is the prospect which
the adoption of the Moncrieff battery
holds out to us ; or we have the prospect
of an unbroken line of earth parapet,

from behind which at uncertain intervals

guns will keep popping up. The defend-
ers in both cases would be absolutely se-

cure against horizontal, and only slightly

exposed to vertical fire. Or, if great stress

be laid on security against vertical fire, a

simple mechanical arrangement can easily

be applied which would make gun and
gun-pit quite snug. And the important
feature of the system is that batteries on
this plan can be improvised at a short

notice. No expensive or elaborate con-
crete foundations are required, owing to

the absence of a horizontal destructive

strain upon the platform or racers (the

strain being absorbed by the recoiling

carriage) ; and the creation of a little for-

tress of gun-pits might be left until war
was imminent, so long as we had in store

plenty of guns and Moncrieff carriages to

place in them.
The unprofessional writers in Eng-

land, however, go to ridiculous lengths in

praising the new system, and decrying
forts and all that military science has
heretofore accomplished. Says a writer
in the " Saturday Review," we have spent
£5,000,000 upon works that Captain Mon-
crieff's discovery had already rendered
useless and worse than useless. To
which a writer in " Engineering" re-

sponds in defence of forts, as follows
;

With all the advantages of the Moncrieff
" discovery," forts will be just as neces-
sary as ever they were. One of the great
objects of defensive works is an obstruc-

tion to the enemy, which neutralizes his ef-

forts and delays him at points where his

power is the least, u^der the most effect-

ive defensive fire; and a means of direct-

ing upon him shot, shell, or musketry
fire, from a commanding position on
every point within range of the defensive

weapons. The guns in these construc-
tions may be in casemates or in open bat-

teries. Captain Moncrieff's invention
will not enable us to dispense with con-
structions such as these.

For example, say that a strong force

were determined to seize a battery of

Moncrieff-mounted guns in a pit—which
is a species of fortification—they, meeting
no hindrance but the shot from the guns,
might very quickly, though with decided
loss, seize the guns and gunners, while 3
times the same number of men would not
be able to seize the same number of guns
in a well-fortified position.

Let us suppose a fortress construct-

ed on modern principles—with a glacis,

ditch, and covered way. The march of

the storming party must be up the in-

clined plane of the glacis, every inch
of which is exposed to the full sweep
of the musketry fire fi-om double lines

of sharpshooters, on the covered way,
covered by an indestructible parapet
— the whole breadth of the glacis—
and the artillery on the ramparts inside

the ditch. It is surely clear to those dis-

posed to think, that an assailant in fore-
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ing its way under these conditions up to

the ditch, would have suffered far greater

loss than in marching up to the edge of a

gun-pit. In the latter case his effort

would have attained its object; in the

former, by far the most dangerous part

of the struggle would be only commencing.
By escalade, " the most desperate of mil-

itary undertakings," would be the only

chance of ensuring success. While low-

ering their ladders into the ditch, de-

scending, and raising them against the

escarp, the loss of the assailants from
the musketry of the enceinte and the ar-

tillery on the flanks playing upon them
with terrible precision, must be fearful.

Add to this the reception they would
meet with the point of the bayonet when
they reached the top of the ladders,

with the certainty of many of these, with
their human loads, man closely following

man, being hurled into the ditch, crush-

ing or demoralizing all below, while the
musketry and artillery of the place are

continuing to pour upon them then* dead-
liest fire. It is surely unnecessary to fol-

low the scene to greater length, though
this is not its end, to prove the immense
difference between the defensive power
of a well-fortified position and an extend-

ed gun-pit.

This authority concludes, that the ear-

lier adoption of the Moncrieff system
would not have superseded the necessity

for any of the late defensive works in

England, but admits that it will greatly

add to the defensive power of many of

these works. In open batteries the secu-

rity it will afford to the gun and gunner
will be of immense value, and where in

these the embrasures would have required
iron shields, it is possible £1,000 a gun
may be saved by the adoption of the
Moncrieff carriage.

Says General Barnard, in the acticle

before quoted: Until something is estab-

lished with regard to future construction,

we must try to make the best use of such
means as we have, and including among
them earth obstructions, torpedoes, float-

ing batteries, etc.; and, though last, per-

haps not least, the newly devised carriage

which I should call the "Moncrieff" were
it not that a model by an American " en-

gineer" officer, on precisely the same
principle, has been in existence for many
years, and that other plans to accomplish
the same purpose have been under study,

and even trial, with us during the last

year or two.

Mr. Bridges Adams, after describing
Moncrieff 's system, says : So far all appears
perfect. The weight of the simple gun is

multiplied into a machine tripled or
quadrupled without any advantage as a

gun of position, but with considerable

disadvantage as a weapon of attack, by
reason of that very weight, unless by the

use of rails. The mark is rendered more
difficult to aim at, but there is a mark,
and a very prominent one, in the form of

a mirror, and unless the gun can be made
to change its position after every shot, a
concentrated fire may be brought to bear
upon it as soon as it rises. The guns
should therefore be on rails for lateral

movement. Any attacking force using
the same guns, would have to lay down
rails in trenches, with earthwork para-
pets.

As a means of coast line defense a cur-
vilinear sunk railway, armed with Captain
Moncrieffs guns, would be far more for-

midable than any fixed forts, and far

cheaper. But if made fixtures in sunken
pits, they must either be covered over, or
they would be destroyed by shells, for we
may be sure that the process of shelling

will assume quite a new phase in accuracy
under this new stimulus, and that shells

will be planted nearly as accurately as
point blank shot, by vertical fire, and even
from ships with a stable base in tolerably

calm weather.
In conclusion, it should seem that the

thorough examination and test of Mon-
crieff's system is even more important
in America than in England. When
an invention involving a large expen-
diture has run the gauntlet of the
War Office and Shoeburyness, with per-
fect success, it can hardly be deemed an
" experiment." We think this invention
should be taken up at once by our Gov-
ernment, as a tested war machine. There
is little doubt that Captain Moncrieffs
apparatus would be improved and sim-
plified by the best mechanical engineers,

either English or American, and if an in-

ducement • were offered to our leading
machine builders now to study upon it,

and prepare for its manufacture, more
defensive plant and machinery could be
put into the field in three months than
the old system could supply in as many
years.
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BEPHOSPHORIZATION or Ikon for
Bessemer Steel.—Iron from Konig-

shutte with 0.497 per cent, of phosphorus
made a very cold short and brittle Besse-

mer steel. The experiment of refining the

iron in a revcrberatory furnace by means
of jets of air forced down upon its surface

with a view to separate phosphorus, led to

no favorable result, as the percentage of

the same increased. On puddling the

iron and reconverting in a cupola into

cast-iron, according to Parry's process,

the percentage of phosphorus was re-

duced to 0.1, and the iron could be used
for steel. But this reconverted iron was
found to be dearer than Cumberland iron

delivered at the works in Silesia, and the

process was therefore abandoned. Iron
when treated this way loses most of its

silicon, thereby unfitting it for conversion

into Bessemer steel. Chloride of calcium

was introduced into the blast furnace
with the view to volatilize the phosphorus
as chloride of phosphorus, but the experi-

ments led to no result, as the chlorine of

the calcium salt was disengaged at far

too low a temperature.

—

Wedding. Preuss.

Ztschr.

OXYGEN Light.—The new light—oxy-
gen gas mixed with ordinary street gas

—is so far believed in as to be prepared for

in the erection of various new buildings.

Experiments prove that it is nearly 200
times more brilliant than that emitted by
a wax candle, and 14 times more powerful
than the illuminative of carburetted hy-
drogen, and 19| times that of the gas
made by the Manhattan Company, as

shown by actual measurement. It is not
only more powerful in brilliancy, but,

compared with the ordinary gas light,

many per cent, cheaper. A thousand
cubic feet of oxygen will cost the con-
sumer, it is estimated, $25, and a thou-
sand feet of street gas, $3, or $28 for

2,000 feet of oxygen and carburetted
hydrogen, which total of mixed gases is

equal in their illuminative quantities to

not less than 28,000 feet of the gas that is

consumed in our street lamps, at a cost of

$74.

—

Exchange.

THERE are 32 manufactories on the
line of the Hoosac River, at North and

South Adams, employing a capital of from
$7,000,000 to $10,000,000, and from 3,000
to 4,000 operatives.

C TEAM on Canals.—An old method of

O applying steam to the propulsion of

canal boats has been revived on the Erie
canal. The driving wheel is placed in

the middle of the boat and rolls on the

bottom of the canal, being so arranged as

to rise and fall with the irregularities oi

the bottom. The wheel is 1 foot thick

and 8 feet in diameter; the periphery is

furnished with spikes or spurs, which
prevent the wheel from slipping. The
speed thus obtained is from 2 to 2|
miles per hour. The extra cost of

the boat so furnished was $2,500, but
it is believed boats can be built at less

expense.

PILING- Puddle Balls.—By the so-

called Radcliffe process, five or more
puddled balls are put together into a
large bloom, under a very heavy steam
hammer, shingled down into a bloom,
passed for a short time into a heating
furnace, and rolled off into finished iron

not more than half an hour after leaving

the puddling furnace. "Engineering"
says: "There are many iron-masters
who would fear for the quality of the iron

knocked down from a pile of puddle balls,

with the corresponding internal cavities

between them which could hardly fail to

be receptacles for masses of cinder."

ICE in London and Paris.—The purest
London ice comes from Norway. It

is stored there in ice-houses lagged by 2

feet of sawdust, but it wastes 50 per cent,

in transportation to the consumer. But the

great bulk of the ice is used by the fish-

mongers and pastry cooks, and is quite im-
pure, coming from ponds and canals.

During the present season, Paris has been
largely supplied with glacier ice from
Switzerland.

IVEW YORK Market Buildings.—The
1^ crusade against these disgraceful and
indecent sheds has commenced, and we
hope the press, secular and technical, will

keep it up till the whole system is re-

formed. The New York wharves will be
next in order.

GOLD Afloat.—Since 1859, the United
States, Great Britain, and France

alone have added 2\ thousand millions of

gold coin to what was afloat before.
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T) AIL Testing Machine.—Messrs. Wm.
XXi Sellers & Co. are building a portable

drop for the Philadelphia, Wilmington,
and Baltimore Railway, to be used for

testing the resistance of rails to wheel
blows. A 75-pound weight is raised by
hand, falls 4 feet, and is caught on the

recoil by an ingenious pawl, so as to strike

no short blows. Each blow is recorded
by an automatic counter. Some thou-
sands of blows from this drop are con-

sidered a nearer approach to actual ser-

vice than, for instance, the ton weight
falling 18 feet, which has been established

for steel rails.

ONE Idea Men.—An exchange remarks
that they are seldom healthy, wealthy,

or wise—nature loves variety; to which
another answers : Non omnes omniapossu-
mus. Concentration of thought and effort

in one direction are necessary to distin-

guished success. Watt was not a jack at

all trades—we may add—if he did invent
photography as well as the steam engine.

G HIPBUILDING in the United States,

U according to the daily press, is reviv-

ing. Before the war, 50,000 to 70,000 tons
were annually put afloat; the rebellion

prostrated the business totally, and since

the war, builders have been very timid,

and more devoted to securing favorable
legislation than improved construction
and good contracts.

IVAL to the Mississippi.—A project is

V on foot to effect steam communica-
tion by water between Ohio and the Gulf
of Mexico, at Mobile, passing through the
Tennessee River past the muscle shoals,

and connecting with the Coosa River by a
steam canal thirty miles long.

WALKING Machines. — The "steam
man" was a most impracticable de-

vice for locomotion, but judging from the
newspaper accounts, the "walking pas-
senger-car " that appeared lately in New
Tork would seem to be its peer.

IAMONDS, fastened into a revolving
tube, are employed to drill rocks in

Reynolds' machine, recently te :ted in
Vermont.

THE Baldwin Locomotive Works have
received during the past year orders

for no less than 224 locomotives. These
orders come from all parts of the United
States and from South America, and they
are being executed at the rate of 15 per
month. The capacity of the works will

be 20 locomotives per month when the
new shops, now well advanced, are com-
pleted.

OHINGLE Machine.—Walker's is said

O to be in general favor. The peculiari-

ty which distinguishes it from other ma-
chines is in the fact that it does not move
the bolt to be sawn to the saw, and then
gig it back, or carry it circuitously back
to its place, but conveys the saw to and
fro to bolts lying on either side of its cen-

tre.

—

Iron Age.

STEAM Stone Breaking Hammers, for

Lake Superior copper mining, are

built by the Michigan Iron Foundry and
Machine Shop at Detroit. One of the
hammers is said to weigh 50 tons com-
plete. The head falls 9 feet, and strikes

a 78-ton blow.

YALE.—The propriety of changing the

site of Yale College to more ample
grounds is being discussed. The sale of

the present location would give a net profit

of $200,000 over what it would cost to

buy a new and better one.

FORM of Projectile for Penetrating
Water.—Mr. Whitworth, in a paper

before the British Association, gave the
results of experiments, which clearly

prove that the flat-ended projectile pen-
etrated both water and armor, at an
angle, better than the hemispherical or
the gothic end.

GPORTING

—

Its Effect on National
O Character.—Lord Wilton attempts to

prove, in a book, that only peoples among
whom field sports are pojmlar, have
achieved or maintained their freedom.
The "Pall Mall Gazette" takes his lordship

to task as follows :
" The sporting classes

have furnished out all the divine right,

and passive obedience, and high preroga-

tive men. Our liberties, sad to relate, have

been preserved by tailors and cobblers."
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KRUPP'S Steel Works.—This estab-

lishment has been in operation 40
years. It occupies 800 acres of ground,
200 of which are under roof. It employs
8,000 workmen at Essen, and 2,000 more
in the mines and furnaces. The follow-

ing is a list of the plant and tools : 412
melting holes and cementing ovens, 185
steam engines of 2 to 1,000 horse power,
49 steam hammers, of 1 cwt. to 50
tons, 110 smith fires, 318 lathes, 111
planers, 61 end lathes and planers, 84 bor-
ing machines, 75 grinding machines, 26
other machine tools, 120 boilers, a gas
works supplying 10,000 to 11,000 lights, 6
locomotives, 150 wagons, and 13 miles
of railway. In 1806 these works produced
125,000,000 pounds of steel, and had sent

out 3,500 steel cannon, worth $7,000,000.

The daily consumption of coal is 225 tons.

At the Paris Exposition a 15-inch 1,000

pounder steel gun and a steel forging 56
inches in diameter and weighing 80,000
pounds,were exhibitedamong the products
of these works.

THE Largest Balloon.—A gigantic bal-

loon has been constructed at Ash-
bnrnharo, near Chelsea, and is intended to

afford the public some aeronautical expe-
rience under circumstances which will in-

sure safety. The balloon is four times the
size of that used by Mr. Glaisher, and
contains 350,000 cubic feet of gas. It is

nearly spherical in shape, and is capable
of raising a load of 11 tons. It cost

$150,000. It is raised by pure hydrogen,
and is drawn down by a chain pulled by a
steam engine of 200 horse power. The
weight of the cable is 2| tons, and its

length is 2,000 feet. The balloon, car,

netting, ropes, and paraphernalia
weigh 3| tons, which, with its cable, make
6 tons of permanent weight, leaving a
balance of 5 tons as its available lifting

power. Thirty persons are the comple-
ment the car is intended to hold, and
assuming these to average 150 pounds
each, a balance of some 3 tons lifting

power is left in favor of the balloon.

—

London News.

STRENGTH of Corrugated Iron.—We
O have in type valuable papers on this

subject by Mr. Hart and Professor Ran-
kine. They will appear in our February
number.

MODERN Rolling-Mill Machtnert,
instead of being the light, rough,

foundry-fitted work still seen in some of

the older establishments, now rivals ma-
rine engineery in solidity and exact-

ness of construction. The results are
very clearly seen in increased production,
better work, and freedom from break-
downs. The new Abbott rail mill, at

Baltimore, built by Matthews & Moore of

Philadelphia, started off right at first, and
has, without delay, breakdown, or appre-
ciable expense of maintenance, turned out
over 50,000 tons of rails the first 2
years. The Pensylvania Steel Company's
24-inch mill at Harrisburg, by the same
builders, the heaviest train in this country,
has been rolling steel rails for nearly a

year, with equally satisfactory results.

The Reading Railway Company's mill at

Reading, also built by Matthews & Moore,
shows an equally good record. This is,

everything considered, the most thor-

oughly built and heavily equipped rail mill

we have. Three trains, driven by separate
engines, are each 23-inch, with housings
suitable for 24-inch rolls, and therefore

heavy enough for rolling steel rails, which
was in fact contemplated when the mill

was erected.

FIVE Bessemer Steel Works are now
running in the United States: the

works of John A. Griswold & Co., Troy
(small plant, the large plant was burned
in October, but is rebuilding) ; the Penn-
sylvania Steel Works, Harrisburg; the
Freedom Iron and Steel Works, Lewis-
town, Pa. ; the works of E. B. Ward, at

Wyandotte, Mich. ; the Cleveland Rolling
Mill Company's Works, Cleveland.

jTAWKINS, Herthel &Burrall, Spring-
11 field, Mass., have received an order
for the construction of one of their iron

bridges over the river at Pawtucket, R. I.

The bridge is to be 160 feet in length,

with a 20-foot driveway and 2 sidewalks
of 6 feet each. The cost, including mason-
ry, will be $14,000.

OCEAN Yacht Race.—The challenge of

the English yacht Cambria has
been accepted by the American yacht
Dauntless, for a trans-Atlantic race for

the Queen's cup won at Cowes by the

America 17 years ago.
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CHEAP IRON.

The grand requirement of the age is

cheap, abundant, and multiform iron;

iron at such low prices that constructors

can afford to substitute it for weaker and
less durable materials, and that all kinds
of construction for which iron or its most
useful alloy, steel, are alone adapted, will be
greatly stimulated. We want iron floors

and fronts, iron bridges and sleepers,

iron hulls, piers, and forts, and iron fram-

ing and facing in general instead of wood.

"We want steel rails, tyres, wheels, shaft-

ing, girders, tension rods, engines, tools

and machinery to better resist the wear
and strain heretofore inadequately borne
by iron. And in addition to these com-
paratively new and vast applications of

iron and steel, we want a greater repro-

duction of the constructions into which
they enter, — more steam engines and
boilers, more ships and railroads, more
iron defences, more agricultural machines,

more plant and enginery of every descrip-

tion.

No one thing, not even cheaper coal or

cheaper bread, could promote national

wealth and progress so directly and rapid-

ly as cheaper iron, for its offices and
functions are universal. It shapes, trans-

ports, constitutes the physical construc-

tions, and is itself the frame-work of our
new civilization. A greater production
of iron, even at increased prices, has stim-

ulated commercial and manufacturing en-

terprises. A vastly greater production at

a quarter or half the present cost, would
set the world forward a century in a de-

cade.

There is no other subject connected

with physical science, of such present ab-
sorbing interest, not only to the profes-

sion, but to every pursuit associated with
or depending upon engineering in its

widest sense. The rapid development of

new processes, and the promises and ex-

pectations of schemers and experimenters
in iron and steel, are the town-talk. And
certainly it is not, as it too often has been,
in periods of excitement about new dis-

coveries, all talk. We are entitled to ex-

pect immediate results of a character so
marked as to visibly better the condition
of men and nations. Doubling the life of

railroad way and machinery by the use of

steel, involves a saving of money that
must be universally felt. Reducing the
cost of wrought-iron in its almost infinite

forms, even to the extent of ten per cent.,

as seems to be promised by the Ellers-

hausen process, is a blessing as well defined
and important as a succession of good
harvests.

We devote a considerable space in this

number of the Magazine, to articles on
various branches of the iron manufacture,
and we specially call the attention of blast

furnace managers to the subject of Puri-
fying ores. Our blast furnace practice

most requires improvement, and it would
appear to be receiving the least scientific

aid, and certainly the smallest amount of

experimental inquiry.

Among the more or less developed im-
provements of the day in the iron and
steel manufacture, the Bessemer process,

of course, stands at the head. As each
new process presents itself, the compre-
hensiveness of Mr. Bessemer's scheme,
and the exhaustiveness of his process, be-

come more apparent. Although soft
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and ductile steel cannot be produced by
it from irons containing phosphorus, nor
malleable steel from irons containing a
large proportion of sulphur, yet from the
greater number of irons in market, it pro-
duces not only good steel, but homo-
geneous steel, cast from the liquid state.

No other direct process develops heat
enough to liquify the materials treated,

and hence all their products are subject
to the structural defects of wrought-iron,
to welds and consequent lamination un-
der impact, and a treacherous degree of
tenacity under strain. The particular
feature of Mr. Bessemer's process, show-
ing the remarkable scope and maturity of
his design, is the violent mechanical agi-

tation of the iron under treatment, as a
means of promoting the intimate mixture
of the oxygen and carbon. All other
direct processes are defective in this par-
ticular, and hence the heat due to the
chemical reaction is not rapid and in-

tense enough to promote fluidity. This
is true of puddling in all forms, and of
Heaton's and Ellershausen's processes.
The mere introduction of air to molten
cast-iron is not the principal feature of

Bessemer's invention, or rather, it is not
Bessemer's invention at all; but the blow-
ing of liquid cast-iron into spray, so that
the oxygen can get at all parts of it at
once—the mechanical air stirring is the
essence of Bessemer's invention.

The Ellershausen process, just now at-

tracting such great attention, and herein-
after described, is too new—its product
has been subjected to too few analyses,

and its waste to too few economical tests,

to warrant unqualified confidence, al-

though its remarkable success as far as

tried, stops the mouth of the most con-
servative old fogyism.
The Heaton process, already the sub-

ject of endless disquisitions, if not quar-
rels, in the English papers, is also too
little tested to warrant positive conclu-

sions. Its advocates base their state-

ments and arguments mostly on assump-
tions, and the opposition on one set of

analyses by the oft-quoted and much
pulled about Dr. Miller.

We have referred in another place to

the Siemens-Martin process, a proved
and established success, and to the Sie-

mens furnace, an accessory to cheap iron
and steel, of hardly less value than either

of the processes mentioned.

The refining of iron is certainly making
good progress; we wish we could speak
as confidently of the manufacture of pig.

This is the weak point in the great
scheme of cheap iron. Bessemer may
blow, and Siemens may heat never so
wisely, but if our smelters do not culti-

vate more intimate relations with chemi-
cal and metallurgical science, the iron
millennium will not dawn upon this gene-
ration.

UNDERGROUND CITY RAILWAYS.

ENGINEERING DIFFICULTIES PRACTICAL AND
COMMERCIAL SUCCESS THE LONDON METRO-
POLITAN RAILWAY.

Under the title of " The Great Bail-
way in Diluvia," " Engineering " gives a
graphic account of the difficulties en-
countered in constructing the Metro-
politan Railway, the remarkable energy
and success with which they have been
overcome, and the extent of the excava-
tions, as compared with other artificial

subterranean works, from which we ex-
tract the following :

—

Beyond the minor troubles to which all

railway engineers are born—those with
committees, boards, vestries, juries, and
the owners and agents of every piece of

property at which they dare so much as

to look—the underground railway has
presented difficulties, at almost every yard,
sufficient to make or unmake a profes-

sional reputation, according to the suc-

cess or failure of the attempt to overcome
them. The ground had to be studied

everywhere, almost, indeed, inch by inch,

filled as it was, at so many points, with
the gnarled and interlacing ramifications

of half-a-dozen gas and water works, and
the less easily diverted channels of the me-
tropolitan sewers. In one place a row of

houses was ready to move bodily forward
into the tunnel ; in another a great sewer,

although approached but at a respectful

distance, was ready to burst and flood a

whole neighborhood. This, indeed, ac-

tually did happen in the Fleet valley. In
Park-crescent a fine house, one in a large

sweep of mansions, had to be carefully

measured, its every detail drawn, then
taken down, and when the railway had
been completed just beneath it, rebuilt as

before, and so exactly that you could not
possibly distinguish it from its neighbors.



VAN NOSTRAND'S ENGINEERING MAGAZINE. 99

The work in carrying the extension line

beneath a noble row of houses in Pem-
bridge-square, transferring the bearing of

the walls of these houses to a new foun-

dation, was of the highest interest, and
displayed great boldness.

The diversion of the large sowers was
in many cases a delicate operation. In
some instances a 9 feet sewer is carried

over, and in others under, the rails. The
Ranleigh sewer is carried over a station

in a cast-iron tube 9 feet in diameter, be-

tween wrought-iron girders having a clear

span of 67 feet. Near the Victoria station,

the level of the rails is 21 feet 9 inches

below high-water mark in the Thames,
and a sewer is carried over the railway in a

cast-iron tube 14 feet wide and 11 £ feet

high. The distance from the invert of

this sewer to the rails is only 13 feet 7

inches, and it was necessary to arrange
the connecting flanges of the plates and
the cross girders on the skew, to obtain

a sufficient clearance. The tube is pro-
tected by a brick arch turned over it,

which carries the street traffic. The
drainage of the railway is done by punrp-
ing-engines.

One of the neatest flights of the inven-

tion of which necessity is the mother, was
the taking of the extension line beneath
the West London Railway, where the dif-

ference between the crown of the lower
arch and the level of the upper rails was
but a few inches, and this without the

least interruption of a traffic of 400 trains

a day. The operation amounted to tak-

ing out the " bottom " of a railway with-

out delaying a single one of the trains

almost constantly passing over it. The
rails of the West London line were sup-
ported upon longitudinal sleepers, car-

ried upon transverse timbers, projecting

7 feet on each side of the trenches that

were excavated for the side walls of the
low level line; between the transverse
timbers the permanent girders were placed,

and the side walls built up in detail to

their undersides. The length of this

crossing is 119 yards. In getting in the

foundation of this work, considerable
trouble arose from the great depth of the
clay below the surface, and it was found
necessary to enclose an area of about 920
feet in length, and the width of the railway
at formation, with a clay puddled dam 5

feet thick, and varying from 6 to 20 feet in

depth.

A little to the west of the Aldersgate-

street station stands the now practically

completed meat market at Smithfield,

the entire area of which at the rail level

is converted into a depot, through which
runs the Metropolitan Widening, devoted
to the service of the trains of the Great
Northern, Great Western, and Midland
Railways, whilst the London, Chatham,
and Dover line makes a junction with it

at the entrance to the depot. The size of

the market within the retaining walls,''

which are deeply A'aulted, is G25 feet by
240 feet, the vaults serving as valuable
storage-room, and the whole of the depot
is roofed over with a series of brick arches,

turned between a system of girders, rest-

ing upon wrought-iron columns. The
upper surface of this covering forms the

floor of the market on the street level,

between which and the platforms of the

depot beneath, communication is main-
tained by fifteen hoists worked by hydrau-
lic machinery, now being completed.

In structure merely, the works upon
the Metropolitan Widening, the Smithfield

market works in connection with the rail-

way, the bell-mouthed junctions, the por-
tions in which the arch of the tunnel is of

iron, and others where the haunches are

of iron, together with the extensive em-
ployment of iron centering, give special

interest to the underground railway, even
when examined by the most practical en-

gineer.

The part of the Metropolitan Railway
now open has carried its 120,000 passen-
gers in a single day, a traffic hardly with-

in the powers of the 6,000 cabs of London
and the 600 omnibi of the General Omni-
bus Company; a traffic not often matched
by that over London Bridge, and hardly
ever equalled by that carried by the other

10 metropolitan railways taken collective-

ly. There are often, at the same moment
of time, 10 well-filled trains on the double
line between Bishop's-road and Moorgate-
street, containing 3,000 men, women, and
children; yet all this vast movement un-
derground is unseen, unheard, and in

hardly more than 20 minutes, these thou-
sands reappear in the streets, three, four,

or more miles from where they dived into

the earth.

A very important consideration—which
the citizens of New York will do well to

ponder—is that the portion of the London
line already open, now ])(i)jx—pays £1.000
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per mile per week of gross traffic, and 7

per cent, dividend upon a heavy capital

account.

"Where the line is fully completed, it

will be nearly 8 miles long—a series of

tunnels, as long, collectively, as the Mount
Cenis tunnel, if not indeed longer, and
this besides some few miles of " opens,"

partly in sloped cuttings, but for the

greater distance between strongly but-

tressed and counterforted retaining walls.

Although this tunnel will constitute over
20 acres of cavern—it is small compared
with the deserted quarries beneath Paris,

quarries now known to have an extent of

more than 200 acres, and of which but a
comparatively small portion is occupied
by the Catacombs. Of building stone

alone, upwards of 14,000,000 cubic yards
are estimated to have been taken from
them. None of our mines of coal or iron-

stone, have been yet disembowelled to

anything like this extent.

"Engineering" adds,—and we beg the

people of New York to attend: In New
York, the third city in rank in Christen-

dom, and where everybody is in a hurry,

and where steam is turned to almost
every possible purpose, there is no under-
ground railway, nor is there soon likely

to be, although the "down-town" mer-
chants are compelled to ride four, five,

or six miles each way, daily, between their

homes and places of business.

The Darwinian Theory of the origin

of the species is :—First, that varia-

tions so slight as not to form distinctive

features of classification, are constantly
occurring in the reproduction of plants

and animals ; second, that these varia-

tions of form are capable of transmission
to progeny, the resulting characteristic

generally being intensified in transmis-
sion; third, that whenever the variations

give their inheritors peculiar advantages
in obtaining sustenance, etc., over that

possessed by their fellows, they will live

longer, will procreate more, and conse-
quently, in the lapse of ages, will ex-

tinguish the weaker types. Experiments
on plants and animals conducted on this

theory, have even in a short time pro-
duced astonishing differences in form,
color, and habits. This theory, called
" natural selection," is gaining ground
among naturalists and philosophers.

WITTUAM^ ANCH0K.

The ingenuity of inventors has long
been taxed, in the endeavor to produce
an anchor which should come nearer than
do any of the old style, to the ideal of a

perfect ground tackle. The first success-

ful attempt to improve upon the old cum-
brous anchor, with its massive shank and
flukes, and its huge wooden stock, was
made when iron movable stocks were
introduced.

The next improvement of importance
was the patent known as Porter's, after-

wards improved by Trotman, in which
the flukes moved on a bolt in the crown.
This anchor has been generally adopted
in the British Navy, and also in the mer-
chant services of various nations. Recent-
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ly, Mr. Frederick Wittram, of San Fran-
cisco (now in New York city), lias invent-

ed an anchor which is radically different

from all others. When this anchor is not

in nse, the flukes lie concealed within the

body of the shank like the blade of a

pocket-knife, and therefore it can be as

compactly stowed as a block of wood of

the size of the shank, as shown by Fig. 2

in the engraving. On throwing the an-

chor overboard, the flukes swing out, as

in Fig. 1, and no matter how the anchor
falls, one or both flukes are sure to take

hold, thus rendering it impossible for the

anchor to drag. As there are no projec-

tions, such as the stock, or an unused
arm, it therefore cannot foul as other

anchors frequently do. In weight it is

one-third less than ordinary anchors of

equal capacity. The repeated tests which
have been made of its practical utility

have been all highly satisfactory, and it is

now attracting much attention from scien-

tific and experienced nautical men.

Rivets.—Mr. Clark, the English bridge
engineer, who has made experiments

to determine the shearing strength of

rivet iron, mentions the fact that rivets,

worked hot, contract in cooling, and
draw the plates together, thereby causing
friction. From this he infers that the

value of the rivet is greater than the
shearing strength of the rivet iron by the

amount of the friction. Later experi-

ments on riveted work show, however,
that the value of rivets falls below that

given by Mr. Clark for rivet iron, although
it includes friction also. Mr. Fairbairn,

in his "Useful Information for Engi-
neers," mentions this fact about the fric-

tion not appearing to help the rivets, but
does not attempt to account for it. Mr.
Reed, in his recent work on shipbuilding,

explains it by saying that the friction

does help the rivet, but that the rivet

is much weakened by the working and by
contraction during cooling. To show the
extent of this, he takes Mr. Clark's values
for the shearing strength of rivet iron

;

experiments at Chatham Dockyard supply
the shearing strength of rivets in place
(including friction), and some experi-

ments made at Pembroke (which are de-
scribed in the book) give the amount of

the friction; and by deducting the differ-

ence between the two last from the first,

he gets the amount which the rivet has
been weakened. To take an example of

a three-quarter rivet:—Shearing strength
of the rivet iron=19'52 tons for a double
shear; double shearing force of a three-

quarter rivet in place=18 tons; mean
value of the friction caused by a three-

quarter rivet=4.6 tons, from which we
find that the shearing strength of the

rivet amounts to 13^ tons, or about 6

tons less than the double shearing
strength of the iron from which it was
made. Mr. Reed conjectures in the text

that the principal cause of this loss of

strength in the finished rivet is the in-

terior stress of the iron due to the con-
traction, and he adds that there is proba-
bly a further reduction due to the manip-
ulation which the rivet has to undergo in

being manufactured and put in place.

—

Mechanics' Magazine.

Supersaturated Solutions.—Mr. Charles
Tomlinson, F. R. S., has been

experimenting and theorizing upon the
subject of the phenomena of supersatura-
tion in saline solutions, and has communi-
cated to the Royal Society his conclusions

and the grounds upon which they are

based. The conclusions arrived at by
Mr. Tomlinson are: (1) That a number of

hydrated salts form supersaturated solu-

tions, and remain so even at low temper-
atures simply from the absence of a
nucleus to start the crystallization; (2)
That a nucleus is a body that has a
stronger adhesion for the salt than for

the water which holds the salt in solu-

tion, a state of things brought about by
the absence of chemical purity; (3) That
three or four salts form supersaturated
solutions, which in cooling down deposit

a modified salt or one of a lower degree
of hydration than the normal salts; (4)
That this modified salt is formed first by
the deposit, in small quantity, of the anhy-
drous salt, which entering into solution,

forms a dense lower stratum containing

less water than the rest of the solution, in

which lower stratum the modified salt is

formed; (5) That salts of a lower degree
of hydration form supersaturated solu-

tions, which on reduction of temperature,
or by the action of a nucleus, deposit the
excess of salt that held the solutions

supersaturated, leaving them merely satu-

rated.
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WELDING OF COPPER.

Translated from Dingler's Polytechnic Journal, by John B.
Fearse.

Mr. Philip Rust, Bavarian Inspector of

Salt Works, writes as follows : The
great obstacle heretofore experienced in

welding copper, has been that the oxide

formed is not fusible. Now, if any fusible

compound of this oxide could be found, it

would render such a weld possible. We
find in mineralogy two copper salts of

phosphoric acid, viz.: Libethenite and
pseudo-malachite, each of which melts
readily before the blowpipe. It was there-

fore natural to suppose that a salt which
contained free phosphoric acid, or which
would yield the same at a red heat, would
make the weld easy by removing the
oxide as a fusible slag.

The first trial was made with microco-
sonic salt (phosphate of soda and am-
monia), and succeeded perfectly. As this

salt was quite dear, it was found advisable

to use a mixture of 1 part phosphate of

soda and 2 parts boracic acid, which
answered the same purpose as the original

compound, with the exception that the
slag formed was not quite as fusible as

before.

This welding powder should be strewn
on the surface of the copper at a red
heat; the pieces should then be heated
up to a full cherry red or yellow heat, and
brought immediately under the hammer,
when they may be as readily welded as

iron itself. For instance, it is possible to

weld together a small rod of copper which
has been broken ; the ends should be
beveled, laid on one another, seized by a

pair of tongs, and placed together with
the latter in the fire and heated; the weld-
ing powder should then be strewn on
the ends, which, after a further heating,

may be welded so soundly as to bend
and stretch as if they had never been
broken.
M. Rust had in as long ago as 1854,

welded strips of copper plate together
and drawn them into a rod; he had also

made a chain, the links of which had been
made of pretty thick wire and welded.

It is necessary to carefully observe two
things in the course of the operation.

1st. The greatest care must be taken that
no charcoal or other solid carbon comes
into contact with the points to be welded,
as otherwise phosphide of copper would

be formed, which would cover the surface
of the copper and effectually prevent a
weld. In this case it, is only by careful

treatment in an oxidizing fire and plenti-

ful application of the welding powder
that the copper can again be welded. It

is therefore advisable to heat the copper
in flame, as for instance a gas flame.

2nd. As copper is a much softer metal
than iron, it is much softer at the required
heat, than the latter at its welding heat,

—

and the parts welded cannot offer any
great resistance to the blows of the ham-
mer. They must therefore be so shaped
as to be enabled to resist such blows as
well as may be, and it is also well to use
a wooden hammer, which does not exer-
cise so great a force on account of its

lightness.

Hydraulic Dredging.—If sand is drawn
along with water into a centrifugal

pump, it will be driven forward and thrown
out with the water. Messrs. Gwynne, of

London, therefore propose, in order to
dredge at a depth of over 60 feet for the
Bermuda floating dock, to stir up the sand
of the sea bottom mechanically, to place
their centrifugal pump close to the bot-

tom, and thus to excavate it—pump it out.

A large wrought-iron tube, attached to the
dredging barge and swinging like the
bucket-frame of a dredging machine, car-

ries a pump at the bottom. The shaft

that drives the pump passes down the
centre of the tube, and carries also a series

of screw-blades which stir up the sand.
A hood, at the end of the tube, prevents
the escape of the sand, so that it is drawn
into the pump while momentarily sus-

pended in the water. The work to be
done is, simply overcoming the difference

of weight between sand and water, raising

both a short distance above the water-
line, and overcoming the friction of the
mass rising in the tube.

Ichabod Washburn, who died in Worces-
ter, Massachusetts, on December 30,

has been identified with the manufacture
of machinery in this country for nearly
half a century. He was as generous as

he was successful. Among his gifts were a
fund of $200,000, a machine shop fully

equipped, and $50,000 working capital, to

the Worcester County Institute of Indus-
trial Science.
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COMPARISON BETWEEN THE UNIFORMITY OE

BESSEMER STEEL AND IRON RAILS.

EXPERIMENTS MADE FOR THE CENTRAL RAILWAY

OF ORLEANS AT THE TERRE NOIRE WORKS,

AND THOSE OF PETER ASHCROFT, ESQ., ON

ENGLISH IRON RAILS.

BY JOHN B. PEARSE.

Conditions.—1. Two ingots shall be
taken at hazard out of the same charge
and submitted to the subjoined tests in

order to ascertain whether their qualities

are identical. These trials shall be re-

peated upon three different charges.

2. Choose any charge as a typical one,

and of this take one ingot and submit it

to the following tests. Make 6 charges
with the object of making them identical

with the typical one, and of each of these

6 charges take an ingot and submit it

to the same tests, and endeavor to obtain

results similar to those obtained from the

typical charges.

The desired tests are as follows :

1. The ingots chosen for each series of

tests shall be rolled into rails in the

ordinary way.
2. Each rail shall be submitted to a de-

flection test on the following conditions :

The rail placed on supports 1 metre apart

is to be submitted to pressure in a hy-

draulic press. Ascertain the deflection

under pressure, and the permanent de-

flection after removal of the pressure.

The hydraulic press used was con-

structed at Graffenstaden and is fed by
3 pumps worked by eccentrics, whose
stroke is so regulated that the supply of

water shall be as uniform as possible.

3. Pieces of these rails, of a length of

2 metres, shall be tested by a falling

weight under the following conditions :

The rail is placed on 2 supports, the

centres of which are distant 1.1 metres
from each other ; these supports rest

directly on a block of iron weighing

10,000 kilogrammes (9 i|!u tons). Tne
weight of the drop shall be 300 kilogram-

mes (661.36 lbs.).

The subjoined table exhibits the results

obtained in the above series of tests:

First Series of Tests.

Comparison of Two Ingots from the same Charge.

CHARGE No. 577. CHARGE No. 580. CHARGE No. 581.

TESTS UNDER
PRESSURE

Ingot A. Ingot B. Ingot A. Ingot B. Ingot A. Ingot B.

(HYDRAULIC).
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Pressure
in Kilogrammes.

15,000
Millim.

1.7
2.2
3.0
5.2

10.8
15.8

Millim.

0.05
0.1
0.4
1.9
7.5

11.9

Millim.

1.7
2.2
2.8
4.7
8.9
16.8

Millim.

0.05
0.1
0.3
1.9
5.3
12.6

Millim.

1.8
2.2
2.7
3.5
5.8

10.5

Millim.

0.1
0.1
0.2
0.5
2.3
6.4

Millim.

1.8
2.2
2.8
3.6
6.0
11.3

Millim.

0.0
0.0
0.1
0.6
2.3
7.2

Miilim.

1.5
2.0
2.6
3.2
5.3
9.8

Millim.

0.0
0.0
0.1
0.2
1.6
5.5

Millim.

1.9
2.1
2.6
3.4
4.8
9.4

Millim.

0.0
20,000 0.0

25,000 0.1

35,000

0.3
1.1

40,000 5.2

Kilog.

55 .000

Millim.

60
Kilog.

54,100 Broke.
Kilosr.

56,500 Broke.
Kilog.

56,500 Broke.
Kilog.

61,500
Millim.

60
Kilog.

62,000
Millim.

58

DROP TESTS.
Deflection
after Blow.

Deflection

after Blow.
Deflection

after Blow.
Deflection

alter Blow.
Deflection

after Blow.
Deflection

after Blow.

Fall in Metres.

1,500
Millim.

5
11

19
27

Millim.

5
10
19
27

Millim.

4
10
16

25

Millim.

4
10
17
24

Millim.

4
9

16
23

Millim.

4
1,750 9
2.000 14
2,250 23
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Second Series of Tests.

Comparison between Seven Ingots of Different Charges.

TYPE
CHARGE,

5G4.

CHARGE,
582.

CHARGE,
585.

CHARGE,
580.

CHARGE,
089.

CHARGE,
590.

CHARGE,
594.

TEST UXDER
PRESSURE

(HYDRAULIC).

DEFLECTION. Deflection. Deflection. Deflection. Deflection. Deflection. Deflection.

Pi .

' >- £© u
« 5a m
P

a
a
a!

g

P-.

P

a

a

S-

Ph .

a
P

a
a

1

a

a

1 .

P

a
a
a

P-.

-§g
p

d
a

a §3 2
"SB
P

a

*-.

Kilogrammes.

15,000

Milli.

1.6
2.2
3.5

11.2
23.6
40.6

Milli.

0.1
0.2
1.1

8.5
21.0
36.1

Milli.

1.7
2.2
2.9
4.7
10.0
18.6

Milli.

0.1

0.2
0.3
1.0
6.4
14.0

Milli.

1.8
2.2
3.3
7.2

16.2
29.0

Milli.

0.1

0.2
0.7
3.9
12.1

24.1

Milli.

1.8
2.3
2.9
5.1

11.4
20.8

Milli.

0.1
0.1
0.3
1.8
7.6

16.5

Milli.

1.9
2.4
3.2
5.6

15.2
26.8

Milli.

0.1
0.2
0.4
2.2

11.2
22.5

Milli.

1.6
2.1
3.2

11.6
25.0
45.0

Milli.

0.0
0.1

0.8
8.5

21.3
40.4

Milli.

1.7
2.1
2.8
5.0
12.4
22.7

Milli.

0.0

20.000.. .
0.1

'^5,000 0.3

30,000 1.9

35,000 . ...... 8.7
18.2

Kilog.

50,000

Milli.

80
Kilog.

59,000
Milli.

63

Kilog.

50,200 br'ke

Kilog.

44,500 br'ke

Kilog.

54,000
Milli.

70

Kilog.

49,500
Milli.

74
Kilog.

56,200
Milli.

65

DROP TESTS.
Deflection

after Blow.
Deflection

after Blow.
Deflection
after Blow.

Deflection

after Blow.
Deflection
atter Blow.

Deflection

after Blow.
Deflection

after Blow.

Fall in Metres.

1.500
Millim.

7

15
26
37

Millim.

6

13
23
31

Millim.

4
14
25
33

Millim.

7

15
26
37

Millim.

6

14
25
35

Millim.

7

15
26
37

Millim.

5

1,750...
2,000 ........

14
25

2,250. 36

The following conclusions flow natu-
rally from the above tests :

1. The first series demonstrates the

practical identity of 2 ingots chosen at

random from the same charge. The
regularity of the results is remarkable
up to the pressure of 25,000 kilogram-
mes (about 25 tons), which represents

quite nearly the limit of elasticity.

Above this limit the differences are

still inconsiderable compared to weights
(or pressure amounting to weight) borne.

2. The first series develops a remark-
able regularity in the charges, although
not made with the object of proving any
identity.

Charge 581 is a little harder than the

others, but the results up to the limit of

elasticity do not vary much from those

given by the other ingots, and the varia-

tion is too inconsiderable to have any
practical influence.

3. The second series shows the practi-

cal identity of the 6 ingots with the 7 or

type ingot. The latter is a little softer

than the ingots of the 3 charges in the

first series. It was made so designedly,

and its qualities were reproduced quite

closely, as the differences in the perma-
nent deflection or set are within a few
tenths of a millimetre. As in the pre-

vious series, the differences become great

only when the limit of elasticity is

passed.

4. The drop tests show uniform results,

which are in harmony with those given

under pressure. The variations bring
out the slight differences in the hardness
of the various ingots. For example, the

metal of charge 581 is a little stiffer than
that of charges 577 and 580. It is also

apparent that the ingots of the second
series were softer than those of the first.

The experiments were conducted with
every care, by the engineers of the Terre

Noire Works in presence of M. Delom,
engineer of the Orleans road, on the part

of the railway company.
These results are very interesting as

showing a practical identity in the pro-

ducts of the Bessemer process. It would
be difficult to find any such series of iron
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Name of Rail ob
Maker.

Weight
per

Yard.

Weight
of

Ram.

Number
of

Blows.

Blows
Increasing
by Foot
as under.

Result
of

Blows.

Turned
or

not, before
Breaking.

Greatest
Dellection
whether
Turned or

not.

REMARKS.

73 lbs.

78 lbs.

82 lbs.

75 lbs.

80 lbs.

75 lbs.

82 lbs.

8i'lbs.

82 lbs.

81 lbs.

60 lbs.

300 lbs.
it

3cwt.

it

300 lbs.

u

3cwt.

it

it

41

3 cwt.

u

300 lbs.

3
5

11
2
8

6

2
2
5

4
3
7

2

7

7

10

i
l
6

1

11

2
2
1

7

4 ft. to 6 ft.

4 ft. to 8 ft.

4ft. to 14 ft.

« ft. and 9 ft.

8 ft. to 15 ft.

all 15 ft.

all 15 ft.

8 ft. and 9 ft.

8 ft. to 12 ft.

8 ft. to 11 ft.

8 ft. to 10 ft.

8 ft. fo 14 ft.

5 ft. to 6 ft.

all 10 ft.

all 15 ft.

all 10 ft.

three of 10
ft. , six of

15 ft.

5 ft.

4 ft. 6 In.

10 ft.

5 ft.

5 ft. to 15 ft.

both 5 ft.

4 ft. and 5 ft.

4 ft.

5 ft. to 11 ft.

( Nearly \
\ straight

J

Turned . .

.

5-16

7-8

3 3-8

3 8
3 11 16

1-2

1-4

1 13-16

1 1-16
5-8

2 3-8

116

2 5-8

4
41-8

11-16

2 15-16

1-16

21-2

Do. , another rail Ditto.

Both good and safe.

Bad.
Do ~|

j-Good.

j

I,

Not turned

Turned . .

.

Bad.
A very good sample.

Do. , a fourth rail

Ditto.

A safer rail with a fine

granular head.
Very cold short and

questionably safe.

K
u

1 t

u

(C

11

Not turned

u

Turned . .

.

Not turned

Bad.
Do

Do., another piece of

Do
vand granular, indi-

j eating long wear.

Entirely rotten or ex-
tremely hard.

Very good.

rails made with puddled steel or hard
iron heads. The following series of tests

made by Mr. Peter Ashcroft, engineer to

the South Eastern Railway Company,
shows how much iron rails made by
the same companies may vary in strength.

The tests are classified according to the

company upon whose rails they were
made. The remarks are those of Mr.
Ashcroft.

These trials were published in " Engi-

neering " and have been rearranged for

the purpose of showing distinctly how
much the rails of each maker varied. The
tests show that the majority of the rails

tried excepting those of one company
(Ebbw Vale) were extremely brittle and
unsafe. It is very probable that the slabs

which are made from old rails and used in

the formation of the rail piles vary greatly

in quality and may indeed be altogether

different ; that is, one slab might easily

be cold short, while its neighbor was red
short. It would not be improbable to

suppose that in some parts of the country
a rail pile might easily be composed of

slabs from rails of 3 or 4 different makers,
with tops and bottoms puddledand rolled

at the mill. Now such a rail would be
composed of layers of different material
varying in strength, and it is quite natural
to conclude that some of the layers would
be so weak as to partially destroy the
strength of the rail itself, by giving way
before the stronger parts had been ma-
terially strained. That is, a strong flange
is of no use with a web which would give
way on strain, or a head which was made
so hard as to crumble on the reception of
a blow, or under the constant succession
of blows to which it is exposed in the
track. It is also probable that a pile may
be so heated as to be burnt in some parts
while quite sound in others, while the
temperature at which it is necessary to

weld the slabs together is so near that at

which they may be burnt, that many tons
of piles have been burnt in the furnace
by the mere change of the light in which
the furnace was placed. When the poor
quality of iron used for rails is taken
into consideration along with the manner
in which the same is worked up, it is

quite obvious that a great deal of irregu-

larity is natural to the whole series of

operations.
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THE ELLERSHAUSEN PHOCESS.

The recent and remarkable invention of

Mr. Ellershausen, which is now regularly

in use in Pittsburg, and is being rapidly

introduced all over the country, has
greatly advanced the solution of this im-
portant problem. So many new steel

and iron processes are brought to notice

every day, that the unprofessional reader
cannot keep track of their names and
aims. The value of this process may be
inferred from the fact that a no less re-

spectable Board of Trustees than Messrs.

Asam L. Hewitt, E. B. Ward, Jas. Harri-

son, Jr., and several Pittsburg iron mas-
ters, are now granting licenses under the

Ellershausen patents.

The process consists in the conversion

of crude cast iron, as it runs from the

smelting furnace, into wrought iron, by
the simple admixture of granulated iron

ore. It is carried out at the works of

Messrs. Shonberger, at Pittsburg, in the

following manner: On the casting-floor

of the smelting furnace a cast-iron turn-

table, about 18 ft. in diameter, is revolved

on rollers by a small steam-engine. Upon
the outside edge of the table stand a row
of cast-iron partitions, forming boxes, say
20 inches wide and 10 inches high, open
at the top. Just above the circle of boxes
stands a stationary, wide-mouthed spout,

terminating in the tap-hole of the furnace.

When the furnace is tapped, the liquid

iron runs down this spout and falls out of

it in a thin stream into the boxes as they
slowly revolve under it, depositing in each
a film of iron, say one-eighth of an inch
thick. But, before the fall of melted iron

reaches the boxes, it is intercepted, or

rather crossed, at right angles, by a thin

fall of pulverized iron ore, which also runs
out of a wide spout from a reservoir above.

These two streams or falls are of about
equal volume, say one-quarter of an inch
deep and 20 inches wide. A workman,
with a bar in the tap-hole, regulates the

stream of iron, and the iron spout from
which the liquid metal falls into the boxes
is removable ; other spouts, previously

coated with loam and dried, being attach-

ed to a common revolving frame, so as to

be. ready for use when the loam covering
of the first becomes cracked or removed.
The thin layers of iron and ore soon

chill and solidify, so that by taking away
the outer partition of the boxes (which

form the rim of the turn-table), they may
be removed in cakes of the size of the

boxes, and weighing about 200 lbs. each.

Four of these cakes or blooms are put
into a reverberatory puddling or heating
furnace, and raised to a bright yellow

heat. They will not melt at this heat,

but become softened so as to be easily

broken up with a bar. The four blooms
are formed, in the furnace, by the "rab-
ble " of the workman, as in ordinary

puddling operations, into eight balls.

The balls are brought out, one after an-

other, squeezed in the ordinary "squeez-
ers" to expel the cinder and superfluous

ore, and then rolled into wrought-iron
bars, which are now ready for market, or

for further reduction into smaller finished

forms.

The chemistry of the operation is as

follows: The crude cast-iron contains

say 5 per cent, of carbon and 2 per cent,

of silicon, and more or less sulphur, phos-

phorus, and other impurities. In the

Bessemer process, the oxygen of the air,

blown into the liquid iron, combines with
this carbon and these other impurities,

and not only removes them, but leaves

the pure iron in a liquid state, from which
it can be cast into homogeneous masses
of any size. Ill the puddling process, the

oxygen of the air and of the ore, or other

"fettling" put into the furnace with the

iron, combines with and eliminates the

impurities, which are afterward squeezed
out of the pasty mass by the squeezers

and rolls. This process is long and com-
paratively expensive, because the mixture
of oxygen or oxygen-bearing substances

is not made intimate with the iron except

by long stirring, which is not only skil-

ful, but exhausting work.
In the Ellershausen process, the oxygen

of the ore or oxide of iron (magnetic ox-

ide is preferred) combines with the car-

bon and impurities, eliminating them as

in the puddling process, and the iron of

the ore increases the product. The chem-
ical combination of the ore and the liquid

crude iron appears to take place partly

at the time of their contact when falling

and lying upon the turn-table, and partly

where the reheating occurs in the furnace.

It seems impossible that a reaction which
is so violent in the Bessemer process, and
so prolonged in puddling, should take

place so quickly and quietly in the new
process; but the fact that the cakes of
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iron and ore do not melt by subsequent
heating, as cast-iron would, proves that

its nature is changed by the first contact

of the ore. The removal of sulphur and
of phosphorus also seems more thorough
than in the other processes. Analyses at

different stages of the operation will

throw more light on this question.

The remarkable feature of the Eller-

shausen process is that absolutely no skill

is required to carry it out. The propor-
tion of ore mixed is intended to be about
30 per cent; but if too much is added, it

is readily squeezed out with the slag, and
seems to do no harm. The subsequent
heating occupies about half an hour.
" Puddle bar," the product obtained from
the first rolling of the product of the

puddling furnace, is never marketable or

finished iron. It is usually very ragged
and unsound, and requires subsequent
piling, reheating, and rerolling, to expel

the impurities and to give it soundness
and solidity. The new process appears
to produce merchantable iron at the first

rolling, and, at Pittsburg, from a very in-

ferior pig-iron, made of one-half sulphur-

ous Canada ores, and one-quarter Lake
Superior and one-quarter Iron Mountain
ores.

The thoroughness and rapidity of the

purification by this process evidently de-

pend on the intimacy of the mixture of

iron and ore. This intimate mixture is

also the essence of the Bessemer process.

In fact, to Mr. Bessemer's original appre-
hension of this idea of intimate mechanical
mixture, the greatest modern improve-
ments in the iron manufacture are due.

The Ellershausen process is said to de-

crease the cost of wrought-iron from $10
to $20 or $30 per ton, according to the

materials used and the form of product
required. That it is a success is amply
proved by regular working at Pittsburg
and many experiments elsewhere; and if

anything like this economy can be real-

ized, its value to the public will only be
exceeded by that of the Bessemer process.

The latter process, however, produces
steel, which is absolutely homogeneous
and of regulated hardness, according to

the wear and service required, and hence,

indispensable for rails, tires, and various

machinery purposes. Any iron product
that is not cast from a liquid state, is sub-
ject to all the structural defects of ordi-

nary wrought-iron.—New York Times.

ENGINEERS IN PARLIAMENT. " Never,"
says " Engineering," " have the most

important industrial interests of the king-

dom been so fully represented as in the

new Parliament." It includes, engineers,

contractors, ironmasters, manufacturers
and the owners of collieries. Among
them are, Mr. George Elliott, Prest. of

the North of England Inst, of Min-
ing Engineers, an ironmaster who finds

employment for 10,000 men ; Mr. John
Lancaster, Chairman of the Mining As-
sociation of Great Britain, head of the

Wigan Iron and Coal Company, and less

favorably known in America in connec-
tion with Captain Semmes of the Ala-

bama ; Mr. Richard Fothergill of the

Taff Vale Ironworks ; Mr. A. C. Sheriff,

chairman of the Metropolitan District

Railway ; Mr. Joseph D'Aquilar Sumuda,
Shipbuilder; Sir Daniel Gooch, late Loco-
motive Superintendent of the Great
Western Railway ; Mr. John Robinson
McClean, late President of the Institution

of Civil Engineers; Mr. John Piatt, Manu-
facturing Engineer; Mr. John Hick, En-
gine-builder ; Mr. John Laird, Shipbuil-

der ; Dr. Lyon Playfair of the Univer-
sity of Edinburgh ; also, Messrs. John
Miller, Charles E. Cawle,y, Sir Richard
Atwood Glass, Messrs. Thomas Brassey,

James Howard, and Charles Seely, En-
gineers, and Messrs. Bolckow, Brogden,
Beaumont, Winn, Plimsoll, Rylands and
Samuelson, Lonmasters.

The Uppfr Hudson—Slackwater Navi-
gation.—The report of the State En-

gineer for 18G7 embodies the report of

the surveys made in 1866 by Samuel
McElroy, C.E., for the improvement of

the Hudson river for slackwater naviga-

tion from Troy to Fort Edward, about
40 miles, and a corresponding improve-
ment of the Champlain Canal from Port
Edward to Lake Champlain, about 25

miles, with locks 225 feet by 30| feet,

adapted to 8 feet water-way ; and also

the comparative cost of improving the

Champlain Canal from Troy to White-
hall, with locks 225 feet by 25, and
7 feet water-way. It appears that a

dam at the Highlands, 150 feet high,

would turn the stream into Lake
Champlain and the St. Lawrence; that

the remedy which New York harbor

needs for the difficulties of navigation at



108 VAN NOSTRANDS ENGINEERING MAGAZINE.

Hell Gate from the swift tidal currents,

and at other points for ice fields and de-

posits of silt, and at Sandy Hook, would
be found by connecting New York and
Brooklyn with a masonry dyke say 400 feet

wide, with 2 or more ship locks, and by
making a ship canal of the Harlem River,

so that the whole volume of the North
River' could go out to sea, and the present
tidal flux and reflux be prevented on the

East River, and the facilities of Sound and
river commerce be turned into their

natural channel at the head of New York
Island. This would also solve effectually

the problem of connecting New York and
Brooklyn.

It is also proposed to examine the

gorges of the Hudson river above Fort
Edward, to determine the feasibility of a

plan for retaining the freshet supplies, so

as so prevent the periodical floods which
have always proved so destructive above
Albany.
The details of the report show that on

a comparison of the items of cost, the

sum of $4,534,379 will secure 8 feet water-
way by the river plan, from Troy to

Whitehall, while it wiU cost $5,866,851 to

secure 7 feet water-way by the canal

plan, and that the " commercial, military,

and mechanical advantages are distinctly

in favor of the river plan;" the value of

the developed mill power alone being
shown to be about $4,334,600.

NEW SYSTEM OF BOILING SUGAR.

In an ordinary vacuum pan, the top of

the liquid alone forms the evaporating
surface, and evaporation would, of course,

be more rapid were a greater portion of

the liquid exposed. An improvement by
Mr. Tooth consists in pumping the juice

down from the top of the vacuum pan, at

the moment of granulation, through a

rose. The juice is thus distributed in

small streams through the air contained
in the evaporating vacuum chamber, and
the surface exposed, as compared with the

old system, is said to be as 1,000 to 50.

The evaporating chamber differs from the

old vacuum pans in shape, being, to speak
roughly, a long cylinder, with the ordi-

nary round pan at the top and bottom.
The juice, before reaching the evapora-
ting chamber, is pumped up through a

number of pipes surrounded by steam in

a cylinder. The following advantages are

stated by the inventor to be secured by
this process : 1. The juice is protected
from excessive and long-continued heat.

2. Long exposure to the injurious influ-

ence of the atmosphere is avoided. 3.

Great rapidity in carrying on the evapor-
ation is secured. 4. The juice is trans-

ferred to the vacuum pan (or evaporating
chamber) immediately after defecation

and filtration, avoiding the necessity of

open pans. 5. Any extent of heating and
evaporating surface is easily obtained.

6. The cost of fuel is greatly lessened.

7. Vacuum pans now in use may be made
available for the improved system at a
comparatively small cost. 8. The finest

sugar is produced without the expense of

animal charcoal, and the crystallization

being perfect, there is no loss by drainage.

9. There is no formation of molasses be-
yond that naturally existing in the juice,

as the temperature never need exceed
140° to 160° Fahr. 10. The system is

also useful in beetroot sugar manufac-
tories. There is an arrangement by which
the clogging of the rose, through which
the partly-granulated sugar passes, is re-

medied. The idea of exposing a greater

surface to evaporation seems to us excel-

lent in theory, but it belongs, of course,

to practical men to say if it will work.
Mr. Tooth has another patent to compete
with Mr. Fryer's boncretor, for rapid
and cheap evaporation. This consists in

passing the partially granulated juice

through a rose, and letting it drop down
through a long cylinder or tower filled

with heated air. The patentee states that

the juice reaches the bottom in the shape
of sug-ar.

—

Produce Market Review.

Another Great Eastern.—Mr. Thomas
Silver has designed a ship of Great

Eastern proportions except as to depth
;

the draft is to be 18 instead of 28 feet.

The vessel is intended to carry 4 times as

many passengers as the present Cunard-
ers, and to have Christian beds and rooms
for their accommodation.

T[Tigh-lift Centrifugal Pu^ip. — Messrs.
11 Gwynne & Co., London, are construct-

ing a centrifugal pump, to draw from a
depth of 18 feet and force over a stand-

pipe 114 feet high—the greatest lift yet at-

tempted with this kind of machine. The
pump has a disc 2 feet in diameter, and is

to run at 910 revolutions per minute.
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KECENT CIVIL ENGINEERING WORKS.

BRIDGES, HARBORS, AND DOCKS.

Compiled from <: Engineering," and other authorities.

English Bridges.—In England two fine

bridges were completed and opened in

1868. The great bridge of the London
and North-Western Railway over the

Mersey at Runcorn, besides its long ap-

proaches, has three spans of lattice

girders of 300 feet clear opening each.

The construction of this bridge presents

no new feature of interest.

The Solway viaduct, carried out upon
the plans of Mr. James Brunlees, is about
a mile in length. It has 1G1 spans of 30
feet each of light wrought-iron girders,

besides a swing bridge giving two 50 feet

openings. The bridge is supported upon
cast-iron piles, driven through the shift-

ing sand into the gravel below. About
1,900 tons of wrought, and 2,300 tons of

cast iron have been worked into this

structure.

The new bridge at Blackfriars (pro-

nounced by the President of the Insti-

tute of British Architects, the "ugliest

bridge of its size in Europe") has a cen-

tral arch of 185 feet, besides 2 arches of

175 feet, and 2 of 155 feet. The arches
are of wrought iron ; the foundations
have been built up in caissons; the width
between parapets is 75 feet. The bridge
is nearly completed.
No masonry bridges are in progress,

and it is the opinion of some of our best en-

gineers that the age of stone has ended, and
that iron has permanently taken its place.

No one of our English bridge engineers
has yet adopted steel; but this is best ex-

plained by the fact that while steel is so
much more costly than iron, its great ad-
vantage—that of saving weight—is shown
chiefly in the case of large spans, and no
long span bridges are now in course of

construction in England.
American Bridges.—For large bridge

works in progress we are to look abroad.
In America the widest span of suspension
bridge yet achieved—viz, 1,268 feet—has
been carried over the Niagara river, al-

most immediately below the great cata-

ract, and nearly two miles above the rail-

way suspension bridge. The length of

suspended platform is 1,240 feet ; height
above the water, 190 feet ; length of part
resting directly on cables, 635 feet; height
of towers, 100 and 105 feet; base of towers,

28 feet square ; width of roadway, 10 feet.

The 2 cables are 7 inches diameter each.

The weight of the suspended load is 250
tons. The work was designed and carried
out by a Canadian engineer, Mr. Samuel
Keefer.

Two other great suspension bridges
are proposed in America, and it is con-
fidently anticipated that both will be be-
gun and completed. The East River
Bridge at New York, projected by Mr.
John A. Roebling, is to have a single sus-

pension span of 1,600 feet, and to be in

all one mile in length. The height of
the roadway is 130 feet ; width, 80 feet

;

height of towers, 263 feet. The Cornwall
(railway) bridge is to be carried over the
river Hudson, at some distance above
New York, in a single span of 1,800 feet

;

height above water, 155 feet ; height of

towers above water, 280 feet ; total sus-

pended weight, 9,651 tons. The last-

named work has been designed by Mr.
Julius W. Adams, who has a high reputa-
tion in America as a sound and successful

engineer, his name alone being sufficient

to protect the undertaking in question
from any suspicion of its being a mere
idle scheme.

Of the iron bridges in progress in

America, one over the river Ohio at

Louisville, will be one mile in length,

and, besides a number of smaller spans,

will have 2 of 370 feet each, 6 of 245 feet

6 inches, two of 227 feet, three of 210
feet, &c* A timber bridge for railway
purposes, lately completed over the river

Mississippi, at Quincy, has a pivot span
upwards of 360 feet long, covering two
openings of 180 feet each.

One of the most important works yet
commenced in the United States, is the
great railway and roadway bridge over the
river Mississippi at St. Louis. This work
has been fully described and discussed in

the lastvolume of " Engineering." As de-
signed by Capt. Eads, it is to have three
arches of steel, the middle arch being of

the enormous length of 515 feet.

The iron bridge just completed over
the Mississippi at Dubuqe, was built from
the designs of J. H. Linville, Esq.,

President of the Keystone Bridge Co.
It consists of 7 spans, 2 of 250 feet, 4 of

225 feet, and 1 of 360 feet resting on the
pivot pier, leaving the opening 160 feet

• For particulars see "Engineering," Vol. V., page 503.
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wide on each side of the pier. The total

length of the bridge is 1,760 feet, or

exactly one-third of a mile. The truss is

28 feet high and 16 feet wide in the clear.

The lower chord is 31| feet above low
water. The eastern approach is through
a tunnel 835 feet long.

Continental, Bridges.—On the Con-
tinent the finest bridge completed and
opened during the year, is Mr. R. M.
Ordish's elegant work, the Franz Joseph
rigid suspension bridge over the Moldau,
at Prague. This is the first practical em-
bodiment of a principle for which Mr.
Ordish has contended for so many years,

that of straight inclined suspension rods,

with a light curved chain to support their

own weight in so far as to prevent sagging.

This bridge, with a span of 492 feet be-

tween centres of towers, a vertical depth
between centres of suspension rods of

61 feet 3 inches, and a total length of

820 feet, has been heavily tested with a
very moderate deflection, while it pos-
sesses also great steadiness under passing
loads.

Among the Continental works nearly
finished, and soon to be opened, is the
magnificent railway bridge in Holland, at

Kuilenburg, over the Lek, one of the
channels by which the river Rhine reaches
the North Sea. Engravings and particu-

lars of this great work are soon to be

Eublisked in " Engineering." The bridge
as one great span of 492 feet, one of 262

feet, and 7 of 187 feet each. The total

length is 2,181 feet, and the contract price

was £153,000. The girders spanning
the great opening are 515 feet long, and
65 feet 6 inches deep.

The railway bridge over the Danube at

Vienna will be an important work; com-
prising 5 spans of lattice girders of 262
feet opening each, and 4 other spans of

112 feet.

The Dutch Government will eventually
construct, although they have not yet
commenced, the great railway bridge
over the main outlet of the Rhine at

Moerdyk, between Antwerp and Rot-
terdam. This bridge will be a mile in

length, and it has been proposed to make
it in spans of 400 feet each. " Engineer-
ing " says :—As compared with such
works, there are at present no hopeful
schemes in England. Mr. Fowler's pro-
posed great 2| mile bridge over the
Severn, with its 600 feet central span,

its 245 feet side spans, its thirty 150 feet

spans, its twenty-six 120 feet spans, and
its twenty-seven 90 feet spans, is

still in abeyance, but it will be built some
time. It is true we have the frantic Boutet
seeking to excite capital for the construc-

tion of a 10-span bridge across the Eng-
lish Channel, with openings only 3,282

yards (!) in the clear, and it is such
schemes, stamped with ignorance, impu-
dence, and infatuation, that sicken the

heart and madden the brain of the true

engineer.

Harbors and Docks.—A large number
of important harbor and dock works were
completed last year. The Millwall Docks,

by Mr. John Fowler and Mr. William Wil-

son, comprise 2 basins of 25 acres and 10|
acres respectively, and a graving dock
402 feet long, and 86 feet wide, with an
entrance of 65 feet. The graving dock
has " bilge carriages," so arranged as to

be run under a ship to keep her keel off

the ground. These docks have 28 feet of

water and 7,700 feet of quay frontage.

This work, replete with the latest inven-

tions necessary to afford the most perfect

and complete accommodation for vessels,

is furnished throughout with the Elswick

hydraulic machinery for which Sir William
Armstrong & Co.have become famous. A
very fine specimen of the telescope bridge

is found here, of probably 80 feet span,

and which, actuated by water pressure,

rises from its bearings and slides end-

ways from off its span, when called on,

with incredible facility.

The Sutherland Docks have been ex-

tended by Mr. Thomas Meik. The new
Hudson basin is 11 acres in extent ; the

new outer harbor has been enlarged to

28 acres. The Leith Docks, by Mr. George
Robertson, are nearly completed ; also the

new Western Dock at Hull, by Mr. John
Hawkshaw. The Tyne Improvement
Works, by Mr. "Ore, are progressing.

About 4,000,000 tons of material are be-

ing dredged yearly, at a cost of rather

more than 4d. per ton, and the whole
yearlv expenditure, including that upon
the Great Tyne piers, is about £250,000.

A large graving dock* is in course of con-

struction at Hebburn, Gateshead.
The Admiralty works in progress at

Chatham, under the direction of Colonel

Clarke, will involve an outlay of £1,500,-

* See '• Engineering," December.
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000, and comprise the reclamation of St.

Mary's Island, 300 acres in extent, the

construction of 3 basins of respectively

22, 20, and 37 acres, the construction of

large graving docks, slips for laying up
frigates, etc., and an immense steam fac-

tory, 1,000 feet by 700 feet. The new
dock in French Creek, Malta, is also pro-

gressing under the same direction.

Among proposed harbor works, the im-
provements at St. Helier's, Greenock, and
Scarborough, have attracted the greatest

attention among engineers. The Green-
ock works to be carried out, comprise a
large basin, graving dock, extensive quays
and warehouses, and special arrange-
ments for shipping large quantities of

coal. At Scarborough, the only work
proposed is a pier, enclosing on one side

a harbor larger and better than at present.

The Clyde Trustees have decided upon
the construction of a graving dock of

great size, viz., 503 feet long, 100 feet wide,
and 30 feet deep, the entrance to be 83
feet wide. New harbor works are to be
at once commenced at Aberdeen, and
additional works are proposed at Dublin,
at Newport, Cardiff, Llanelly, and at

Portheawl.
A new graving dock is building at Wil-

liamstown, Victoria. Its dimensions are
to be 240 feet by 97 feet, with an entrance
80 feet wide.

Mr. Hawkshaw is constructing the Grand
Canal to connect Amsterdam direct with
the North Sea, so that shipsfrom the Dutch
capital will strike deep water a little to
the north-west of Harlem, instead of beat-
ing miles out of their way around the
Helder.

Nor should the works in progress at
Havre be forgotten. The seven basins,

as fine in their way as anything in
Europe, are to be still further extended,
and Messrs. I. C. Johnson & Co., of Gates-
head-on-Tvne, have a contract with the
French Government for 20,000 tons of
Portland cement for these very works.
The Bermuda Floating Dock.—During

the year a great iron floating dock, capa-
ble not only of taking the largest ship in
the navy, but of careening her as well,

has been completed for Bermuda. This
structure is 381 feet long, 124 feet wide,
72 feet deep, and weighs 9,000 tons.*
This is a double dock, one within the

* See " Engineering, ' Oct. 19, 18G0.

other, the sides or " double skins " being
20 feet apart, and enclosing respectively

a load chamber, balance chamber, and air

chamber. Water may be pumped into or
from either of these chambers, so as to
sink, lift, or tilt the dock as desired. This
great work, designed by Colonel Clarke,

of the Admiralty, was constructed and,
after a slight hitch, successfully launched
by Messrs. Campbell, Johnstone & Co.,

of North Woolwich.
The hydraulic graving dock, of which

the first example was erected ten years
ago at the Victoria Docks, is having new
innings. One has just been sent out to

Bombay. It has 36 hydraulic presses in

all, each of a force of 400 tons, so that the
total lifting power is 14,400 tons, and in-

cluding its " saucer " it will thus lift the
heaviest ship in the navy. Docks upon
the same plan are spoken of for Jamaica,
Malta, Brindisi, and Dundee.
The Holyhead Piek.—At Holyhead the

great breakwater pier approaching com-
pletion, under Mr. Hawkshaw's auspices,

is a noble specimen of marine engineer-
ing. It is constructed chiefly of stone
taken from the mountain adjacent. The
upper structure is of random-worked ash-
lar, presenting a flush face on the inside

or harbor front, while on the sea face the
material is quarry-faced, and, as far as
may be practicable, set on end, giving it

the appearance of being vertically ribbed.

The base of the pier consists of pierre
perdue, having a slope, of the angle of re-

pose of the material, on the inside, while
on the outside its form is that of a flat

glacis, on which the sea must lash with
intense fury, as the stone is much pulver-
ized by its action, especially so in the
gorge caused by the re-entering angle of
the work. The plan of the work is that
of a continuous wall, of 1\ mile long, zig-

zag, with 2 kants spi-inging from the land
at one end, and at the other resting in 13
fathoms of water at low tide. The upper
structure carries a causeway of 38 feet

wide, at ] 2 feet above which, on the sea-

side, there lies a banquette of 15 feet wide,
floored with tooled limestone, and sur-
mounted by a parapet of 4 feet high, of
the same material and class of workman-
ship ; which latter throughout appears to

be as near perfection as possible. The
high level is connected with the causeway
by flights of stairs at intervals. From the
base of the parapet on the external face
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projects an echinus of 2 feet overhang,

which, however it may add to the effect of

the sectional profile, will surely meet with

rough usage from the waves towards the

extremity of the pier. Here green water
of yards thickness comes over the para-

pet during a gale. The pier head is not
yet completed. It will be, in plan, of a

T section, the arms of the "f showing a

very slight projection, and rounded at the

ends. The face-work here will be of gran-

ite blocks, of from 8 to 12 tons weight
each; the hearting of red sandstone, of

the same dimensions.

Port Said Harbor.—Extensive harbor
works are, it is understood, to be under-
taken, by an English company, at Alex-

andria. The works are to comprise a

breakwater 3,250 feet long, a mole 1,650

feet long and 200 feet wide, 5,000 feet of

quays, and a large dry dock. To the east

of Alexandria is the new harbor of Port
Sa'id, at the northern end of the Suez
Canal, the later now more than two-thirds

finished. Port Said, now nearly comple-
ted, is formed by two piers, one 2,730 yards

and the other 2,077 yards long, with an
opening to the north-east. The harbor
enclosed is nearly one square mile in ex-

tent, and the western pier is carried out

into water 27 feet 6 inches deep. These
piers have been formed of beton blocks, of

which about 325,000 cubic yards only

have been used. At the present rate of

progress the canal itself will be finished in

little more than a year, with a waterway
328 feet wide and 26 feet deep.* Apro-
pos of harbor works on the Mediter-

ranean, it may be added that there is a

scheme to greatly extend the port of

Marseilles. A paper, read some time

since at the Institution of Civil Engineers,

gave a most interesting account of the

existing works there, which comprise,

among other things, the loftiest and pos-

sibly the finest warehouses in Europe, un-

less we except the magnificent corn ware-

houses lately completed at Liverpool and
at Birkenhead.

(1 rowth of Philadelphia.—During 11

X months in 1868, there were erected

in Philadelphia 4,706 new buildings, and
1,173 buildings received alterations and
additions. This city now contains above
800,000 inhabitants.

* See article on tho Suoz Canal on another page.

PROTECTION OF LaRGE BUILDINGS FROM
Lightning.—This subject has been

reported upon by M. Pouillet before

the Paris Academy of Sciences. The
" Engineer " gives a lengthened account of

it. The first thing to be done is to es-

tablish a conductor, formed of square
iron measuring four-fifths of an inch on
the side, which shall pass without inter-

ruption over every portion of the build-

ing to be protected ; when the line is

broken by towers, pavilions, or other erec-

tions, tbe conductor must pass up and
down each, so as not to interrupt its

course. This main conductor, of course,

is modelled, as it were, to the form of the

building, and often consists of several

branches, particularly in the case of edi-

fices like the Louvre, where there are

several blocks of buildings perpendicular
and parallel to each other ; it will also

have many minor branches, for it must
be placed in good communication with all

the gutters, leads, and other large metal-

lic surfaces on the roof. This great con-
ductor or circuit must be placed in direct

communication with a body of water,

which is never wanting. Ten or a dozen
wells might be dug to receive each a con-
ductor leading from the main circuit.

Each lightning-rod must be placed in per-
fect communication with the main cir-

cuit.

Cement to Resist Red Heat and Boil-

ing Water.—To 4 or 5 parts of clay

thoroughly dried and pulverized, add 2

parts of fine iron filings free from ox-

ide, 1 part of peroxide of manganese,
one-half of sea-salt, and one-half of borax.

Mingle thoroughly, and render as fine as

possible, then reduce to a thick paste

with the necessary quantity of water,

mixing thoroughly well. It must be used
immediately. After application it should
be exposed to warmth, gradually increas-

ing almost to white heat. This cement is

very hard, and presents complete resist-

ance alike to red heat and boiling water.

Another Cement.—To equal parts of

sifted peroxide of manganese and well

pulverized zinc white, add a sufficient

quantity of commercial soluble glass to

form a thin paste. This mixture, when
nsed immediately, forms a cement quite

equal in hardness and resistance to that

obtained by the first method.

—

Blatter

fiir Gewerbe.
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PUBLIC BUILDINGS.

HOSPITALS THEIR REQUIREMENTS, ARRANGE-
MENT, AND VENTILATION.

Condensed from a paper before the Architectural Association
by T. R. Smith, F. R I. B. A., and from the ensuing discus-
sion.

Hospitals are peculiarly a modern in-

stitution. While examples of many classes

of structures suited to our modern ways,
such as, for instance, houses, baths, thea-

tres, and churches, abound in the re-

mains of classic times, there are no Greek
and Roman hospitals. The simple in-

firmary of a monastery is no example to

us as to scale; and the vast establishments
of the 16th and 17th centuries are not
very valuable specimens of arrangement
and detail.

When we remember the great cost and
disturbance of domestic arrangements
necessary to provide suitable air, light,

quiet, medicine, food, and attendance to

the sick in our houses, and reflect that

the poor, and even the majority of the

people, cannot provide nor afford these

facilities, the necessity for many hospitals

and of good hospitals with all these facili-

ties that make the difference between life

and death to so many of our fellow-crea-

tures, becomes obvious.*

At the same time, so good an oppor-
tunity of studying disease is not to be
neglected. Where some hundreds of

sick are always collected, there the stu-

dents of sickness and how to cure it ought
to be, and in fact are found.

What a Hospital Must Provide for.—
We have now the elements for under-
standing this question.

First. The inmates, or in-patients, that
is, the sick who reside and are treated in

the house. The rooms they live in are
technically termed wards.

Secondly. The administration. This
embraces medical officers, dressers, sis-

ters, nurses, attendants, and the parts of
the building appropriated to their use,

and to cooking, stores, business offices,

etc.

Thirdly. Out-patients. Those who
come to the hospital periodically for ad-
vice and medicine, and the portions of the
building where they are received, seen,
and supplied.

* Ev?n in the large English schools it has been determined
to make the hospitals in one ward, rather than in separate
rooms.

Vol. L—No. 2.-8

Fourthly. The Medical School, that is,

students and professors, and their lecture

rooms, library, museum, dissecting room,
etc., etc.

Requirements of Wards.—The most im-
portant part of a hospital is the wards.
For economy of attendance it is practi-

cally found best to place from 20 to 30
beds in a ward; reserving, however, a few
small wards where only 2 or 3 beds are
receivable for special cases.

The most important provision for the
sick which the architect can make in a

hospital, is a supply of plenty of fresh

air. This is the one consideration to

which all others ought to give way. The
patient ought to have plenty of air in his

ward, and that air ought to be constantly
renewed. This, according to all authori-

ties, will promote his recovery more than
any one thing, and will prevent his injur-

ing his fellow-sufferers. Many diseases

are directly communicable by atmosphere,
and surgical cases vitiate the air of the
room. The best authorities consider that

each bed should have from 1,500 to 2,000
cubic feet of air space, and that the
change of air, while, of course, not suffi-

ciently rapid to create a draft or a breeze,

should yet be sufficient to be felt as an
air passing over the face and hands. The
sick must not be so placed that the air to

reach any bed must necessarily pass over
any other, they must not be too many in

one room; there must not be too many
wards under one roof, nor too many
stories of sick one above another, nor too
ready access from one ward to another.

And there must be clear passages between
the beds and up and down the ward.
Next to air, light and cheerfulness are

conducive to ' health. All these require-

ments are practically best met by wards
that are long in proportion to their width,
arranged so that one of the long sides

shall have an aspect exactly or nearly
south, with a row of beds at each side,

placed with their heads to the wall, and a

row of windows on each side. A width
of over 20 feet, and under 30, averaging
25 feet, is the most useful; over 30 feet

the ventilation becomes sluggish. Beds
ought to be about 8 feet apart from centre

to centre, and the height of the ward
ought to be at least 15 feet. No bed
should come in front of a window. A
window to each 2 beds is the usual allow-

ance, and the windows ought to go as
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nearly as possible to the ceiling, and to

come clown low enough for patients in

bed to be able to look out of them.
Ventilation is a subject upon which

authorities in all countries differ. The best

known and most followed English plan is

having windows facing each other on the

two sides of each ward, and keeping them
almost constantly open. This is termed
natural ventilation. For this purpose
windows may be sash windows in several

heights; often, however, they have in

their height several casements, each hung
at the bottom edge, and capable of open-
ing back at the top, so that the incoming
air shall be thrown upwards. These case-

ments ought to be capable of being regu-
lated with great nicety, and made to re-

main at whatever angle they are set.

They should be glazed with thick plate

glass to diminish the loss of heat that

occurs at all window openings; or, better

still, double glass, with perforated zinc,

taking the place of some of the panes of

glass.

But there is in this apparatus the means
of killing patients as well as curing them

;

especially in a climate like ours. Win-
dow ventilation, especially where not tem-
pered by wire gauze or perforated zinc, is

often the cause of fatal or dangerous re-

lapses. Patients suffering from kidney
disease, bronchitis, or rheumatic fever,

are certain to relapse if they get a chill.

A greater degree of care is required where
there are many surgical cases. The be-

lief is therefore spreading, that an appli-

ance for keeping up a supply of fresh air,

warmed and moistened, and for drawing
off foxd air, ought to form part of a hos-
pital ward, and ought to be equal to keep-
ing the wards thoroughly aired in frosty

or stormy weather, at night, or at any
other time, when windows cannot be
safely open.

In the warming and ventilation of the

new St. Thomas's Hospital, in each ward
there will be 3 open fire-places on the

centre of the floor,* with a vertical tubu-
lar flue from each passing up to the ceil-

ing, having an outer air-tube round.
This will serve to carry off some of the
vitiated air beyond what goes up the flue

with the smoke. The architect has also

supplied 4 foul air extraction flues, which

* To prevent these fires from heating the nearest beds too

much, the openings to the (Ire-piacss are made to look up and
down the hail or ward.

meet in the roofs, and near the outlet of

which a current is kept up by a coil of

hot-water pipes, which will be always at

work, as they are part of the system for

supplying hot water night and day to

each ward. As an auxiliary for cold
weather, coils are introduced on the floor,

and the boiler for working them is a sepa-

rate one. Air inlets exist in the floor.

These arrangements are quite distinct

and disconnected for the different pavil-

ions as though they wei*e distinct build-

ings.

There are hospitals with ward windows
at the ends only, or merely along one
side, and one row of beds down the cen-

tre, or even double rows with an open
arcade between them like the nave and
aisle of a church. But the knowledge
has been slowly and painfully obtained,

that these forms of wards are all, for this

climate at least, a mistake, for the reason
solely that they are found more difficult

to ventilate, and there seems no reason to

believe that any material alteration will

be made in the dimensions, proportions,

or arrangement of a hospital ward, till

we have first established, if ever it can be
done, a perfect system of hospital venti-

lation.

Provision against Infection.—The ward
ought to be so fitted and finished as to

harbor neither vermin nor infection.

"Wall paper and wooden skirtings must
be dispensed with. Ordinary plaster is

porous, so is soft wood; common floors

and walls are therefore liable to absorb
insidious poisons. The floors, accord-
ingly, ought to be of the hardest wood,
such as oak, not tile, which is chilly to the

feet, and ought then to be rubbed with
beeswax and oil till all the pores are
filled up, and the surface is smooth and
hard, or else oiled and lacquered, as is the

fashion in Berlin. The walls and ceilings

ought to be of the hardest obtainable

material, Parian cement being recom-
mended as having the best surface for the

pui'pose.

Heating.—For the heating of hospital

wards, English authorities concur in re-

commending open fires. The French fre-

quently warm their hospitals as they do
other public buildings, by a hot-air appa-
ratus, and must thereby run a risk of

diminishing the advantage of their excel-

lent arrangements in other respects.

The Buildlngs Attached to the Wabd
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should be as follows : The head nurse of

each large ward requires a separate room
with a window looking into the ward.

A smaller room called a ward scullery is

also required with a fire-place, hot and
cold water, and a sink. At the opposite

extremity of the ward are required a

group of closets, and one or more baths,

and a lavatory. The arrangement of the

closets is most important; not only should

each have direct ventilation, but there

should be a cross-current of air traversing

the passage between the ward and the

closets, in order, if possible, to prevent

effluvium from coming into the ward.

There ought not to be fewer closets than
1 to every 10 patients. Somewhere
near the ward, but not in it, there ought
to be a small lift, on which the patient's

food, technically termed the diets, is

brought up from the kitchen corridor,

and it is usual to provide both a dust

shaft and a foul linen shaft, from outside

each ward to the basement. A large lift,

capable of taking a patient and his bed
and an attendant, ought also to be pro-

vided in each block of wards.

These, and no other rooms, ought to be
appended to each ward. Convalescent

rooms where they are introduced ought
to be elsewhere.

The Semes of "Wards.—How are they

to be arranged so as to make one large

institution ? From considerations of econ-

omy, especially in cities, we place them
one above another; but this soon reaches

a limit, and is objected to entirely by
Miss Nightingale and others It is agreed
on all hands, that it is advisable not to

put the sick into a story exactly on the

level of the ground floor.

The modes in which wards have been
arranged are very various, but there ap-

pears to be a general feeling that the

best possible way has been now found
out. Where only two wards on a floor

constitute the hospital they are well ar-

ranged in a continuous line with a stair-

case in the middle; where a larger number
of wards has to be provided on each
story, they would now be arranged paral-

lel to each other (so that all can have a
sunny aspect), and at a very considerable

distance apart. This is called the pavilion

plan, or block system. Each pavilion is

in fact the ward, with its appendages
repeated as many times as there are to

be stories, and has its own independent

staircase. It is isolated from its neigh-
bors by a space which ought to be enough
to keep it almost all day clear of the
shadow of adjoining pavilions, affording

its windows all the air and sun they
require, and it is connected to its fellows

by a corridor on the lowest story only. A
usual plan is to make these pavilions
occupy two sides of a hollow square. The
best known example is one of the Paris
Hospitals, the Lariboisiere.*

Other Departments and Buildings.—
The principal entrance for in-patients,

leading to a receiving room, should be
well marked and readily accessible.

The out-patients require a simple
but spacious and well-ventilated waiting
room, with a separate entrance and ves-

tibule. The adjoining physicians' and
surgeons' rooms should also adjoin each
other, and should have a good light.

A dispensary for receiving prescriptions

and issuing medicines through a window
should be convenient to the waiting
room. All these rooms should have
closets. A casualty ward where persons
not seriously injured may be attended
to, should form a part of this depart-
ment.
An operating room (a theatre in large

hospitals) should be accessible to the
various wards. It should have a northerly
top light, and connect with a surgeon's
room, and a small ward for patients who
cannot at once be removed after opera-
tions.

The dissecting room should be lighted

from the top, and specially well ventilated.

It should adjoin a dead-house.
Rooms for the physicians and surgeons,

and residences for other officers and at-

tendants, should communicate with a
corridor leading directly to the interior of

the hospital. The number of personal
attendants on the sick is, in the best

hospitals, one to every seven or eight

patients.

The kitchen should be removed from
immediate contact with the wards and
ordinary entrances, and yet should be
accessible to marketmen and tradesmen.
It should be surrounded by the necessary

stores and offices, and should have a wine
cellar and ice-house. At the same time
it must be central, so that the " diets

"

* This, and several of the best modern hnsnita's. are il'us-

t-ated in the " Civil Engineer and Architect's Journal," May,
1863.
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(cooked rations) may be quickly carried

to the various wards by Lifts.

Linen, bedding, and bandages require
a separate department. So does the laun-

dry.

In arranging these separate depart-
ments, one rule should especially be fol-

lowed—that "whatever goes into them
should pass in a direct course from one
end to the other, without being shifted

back and forth.

A Medical School, in addition to bed-
side or clinical lectures, should usually

be attached to large hospitals, and should
consist of lecture rooms, rooms for ex-

periments and preparations, professors'

rooms, a library, and a museum.
Sites.—As to sites for hospitals, Miss

Nightingale says unhesitatingly that they
ought all to be in the country. Certain

it is that a pure ah- and plenty of space
are the most important of all conditions

of recovery. The arguments against the

country are—first, that such sites are out
of reach of patients; secondly, that they
are out of reach of doctors; and lastly,

that they are out of reach of students.

The site must be spacious, airy, dry, sunny.
It should not if possible be in an over-

crowded neighborhood, or with any nui-

sance near. A gravelly soil is preferable,

and a sufficiently high elevation. A bed
of concrete over the whole site is recom-
mended as a good preventive against

moisture; this has been done at St.

Thomas's.

NEW SYSTEM OF SCIENTIFIC EDUCATION.

A new system of high scientific educa-
tion has been adopted in the government
schools of France. The following abstract

of the system is from the Paris corre-

spondence of the " Engineer"

:

The new scheme, which is founded on
Imperial decrees only a very few weeks
old, includes not only laboratories of edu-
cation and of research, but also the crea-

tion of a practical high school or college

of science (Ecole Pratique de Hautes
Etudes). The main idea of the plan is

bold, simple, and sensible, namely, the
making the present educational staff and
establishments available for the new insti-

tution. With the view to carry it out,

the Government has introduced into its

budget an augmentation of the salaries

of professors in the superior schools and

colleges, to come into operation from the
year 1809, in recompense for the addi-

tional labor which will be demanded of

them in giving class lectures in addition

to their present public ones.

The new laboratories will be of two
kinds, one for instruction the other for

research, the former being as it were
nurseries for, and supplying the professors

with assistants for the latter. Such la-

boratories of research, of which three or

four already exist in Paris, have, says the

Minister, " enabled Germany to arrive at

that great development of experimental
science which we watch with so much
uneasy sympathy."
The new school is not to be essentially

a professional school, but a college for

improvement. "The young man," says

the report, " who feels within him the

sacred flame at which, perhaps, genius

may light its torch ; he who has com-
pleted his. general studies, or the spirit of

which may be repugnant to him; he who
is not tempted by the hopes of a lucra-

tive calling, or who may be irresistibly

attracted from a profession already ac-

quired towards pure science, does not

find in our present establishments all the

means necessary to help him rapidly and
surely to the object of his vocation."

Besides books, collections, and general

lectures, he wants precise directions,

general council, or support, and the means
of verifying by observation and experi-

ment the facts which he has acquired.

"Able professors," says the report, "often

discover peculiar bents or capacities in

their pupils, and in the case of chemistry

during the last thirty years much has

been done in the way of superior educa-

tion, and the rank of France in the world
of science has greatly benefited thereby.

The object now is to supply the other

branches of science with schools like that

which has done so much for this science."

The word " practical " must not be taken

in its ordinary signification of industrial

utility, but in the higher sense and as

indicating that the eyes and hands re-

quire to "be called into use to strength-

en and extend the most delicate and
highest conceptions of the scientific spirit.

What are chemistry without manipula-

tions, physics and physiology without

expei-iments, or botany without herballis-

111 or 9"
*"*

"

The school is to be divided into four
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sections, entitled:—Mathematics, physics
and chemistry; natural history and phy-
siology; and historical and philological

science; and to these maybe added here-

after a section for juridical studies. Of
course a pupil may belong to all or several

of the sections.

The school is open to all the world,
without any limit as regards age, grade,

or nationality, but all pupils must un-
dergo a preliminary stage of three months
or less, at the termination of which the
director makes a report; they are then
examined by a permanent commission
which sends up a list to the Minister,

with whom alone rests their nomination
to the school. Pupils can only remain 3
years on the school list. All the private

lectures and normal lessons of the pro-
fessors are open to them as well as the lab-

oratories of instruction ; they are bound to

furnish written essays, precis, and analy-
ses on given subjects and works published
in France or abroad, and to make re-

searches in the libraries and museums on
set subjects, and to report results in

writing; and the pupils in the natural
history section will take part in scientific

excursions under the direction of the
professors. No mention is made of fees,

so that the education appears to be per-
fectly gratis; and moreover the Minister
may, upon the recommendation of the
superior council, allow an annual in-

demnity to the pupils of the school. The
directors of the laboratories have also the
power of recommending pupils who show
great aptitude as their assistants, and the
Minister has the power of awarding them
indemnities. Each section of the school
is placed under a commission of five mem-
bers nominated for three years by the
Minister of Public Instruction, and chosen
by him from the list of directors of labora-
tories and studies, as the professors of

the school are called. The directors of

the laboratories and of studies will grant
certificates to their pupils, and make
annual reports to the commission, and
after examination of these reports by the
superior council the Minister will entrust

successful pupils with missions and award
medals, honorable mentions, subventions,

or special recompenses.
The organization of the new school

extends to the provinces, the directors of

laboratories and studies connected with
scientific establishments in the depart-

ments as well as the pupils to enjoy the
same privileges as those of Paris.

LIQUIDS FOE HARDENING STEEL-TEMPER-
ING COLORS.

From a new Treatise on Steel, translated from the French of
M. H. C. Laudrin Jr., by A. A. Fesquet. Philadelphia,
Henry Carey Baird, 1867.

Notwithstanding what has been said,

and the so-called experience of some
practical metallurgists, pure water is the
best liquid for hardening steel. It is a
mistake to believe, with the ancients,
that certain waters are more adapted to
this operation than others. The only
difference lies in their temperature. A
workman of Caen, M. Damesme, who
has published a diffuse work on steel, has
tried the hardening of steel in the juices
of vegetables, and has ascertained that
there is comparatively no advantage over
hardening in water. Mercury has no
other property than that of being cold,

and of producing a hardness which can
be obtained with water at the same tem-
perature.

Tallow and oils, where carbon is one of
the constituent elements, produce an im-
perfect hardening, but prevent a loss of
carbon. When by overheating, steel has
been burned and decarburized, the oils

and fatty matters are useful, because they
give back to the steel a part of the carbon
lost in the fire. Some acids, such as sul^

phuric, are justly considered as imparting
more hardness to steel, by dissolving a
film of iron from the surface and expos-
ing the carbon. As for urine, alcohol,

brandy, and a thousand other Kquids
extolled by ignorant workmen, they are
not worth as much as water, which has
the advantage of being abundant every-
where, cheap, and adapted to all changes
of temperature.
Some workmen heat the steel which is

to be hardened, much above a cherry red-
ness, allow it to cool slowly in the air,

and wait until it has taken a certain color,

previous to plunging it in water. This is

a very bad practice, because by an excess
of heat there is a loss of carbon, and an
alteration of the steel, which has then
large grains, and is without tenacity at

the edges.

After hardening, the temper or hard-
ness is drawn as required for different
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purposes by reheating—the color of the

steel being the guide.

1. Being put upon burning fuel, the
steel gradually heated becomes tarnished,

yellow, and straw yellow.

2. The heat increasing, the color deep-
ens, and reaches a gold yellow, full
yellow.

3. Afterwards, the steel takes several

shades, rapidly following and blending
with each other ; they are purple, pigeon's
throat, copper, brown purple.

4. These shades become deeper until

they become violet.

5. Afterwards, they pass rapidly to

indigo blue, full blue, dark blue.

6. This color becomes weaker, and gives

a sky blue more or less pure.

7. The blue takes a greenish tint and
produces shades which are gray and
sea-green.

8. At last, the steel reddens, and will no
longer give distinct colors.

The shades of these eight colors, which
are called tempering colors, and perfectly

distinct, very apparent, and easy to recog-
nize; but they take place only after

hardening and on clean steal. The metal
which has not been hardened, will not
show these colors so plainly ; the shades
are mingled, blended, and less in num-
ber.

The colors, during the tempering, are
a sure guide for the workman, of the
degree of hardness or tenacity he desires

to obtain. Dark blue indicates a great
tenacity, straw yellow produces a greater
hardness, and is the tempering shade for

razors. Bistouries, lancets, penknives,
erasing knives, some scissors, and gener-
ally blades requiring body, are reheated
to full yellow. The strong blades for

table knives and gardening tools are tem-
pered to a brown or purple brown. Pur-
ple is the proper color for large shears.

Violet and dark blue are for springs

;

with a violet color, the spring will be very
elastic but brittle, a blue shade will make
it very resisting. It is very difficult to

break a spring reheated to the color of

water; but its elasticity is a great deal
lessened.

The hardened instruments are reheated
in or upon a live fire, easily regulated,
and without the help of bellows as far as
practicable. An intelligent workman will

cease blowing as soon as he perceives that
the metal begins to change its color. The

proper shade must come by itself with-
out increasing the fire, and must be
regular all over, before the piece is

plunged in cold water. Sometimes this

last dipping is omitted.

The small pieces, such as penknives,
erasing knives, etc., rest upon a wire cloth

put into the middle of the fire ; when they
have reached the proper color they are
cooled in water.

A lancet requires a special tempering;
the shank must be blue ; from there the color

will be first purple, next brown, and at

the point, full yellow. These various shades
upon one blade are a necessity, on ac-

count of the degree of hardness and
tenacity required by this instrument.
Full yellow will produce the proper
sharpness, but would not be suitable to

the rest of the blade, which, instead of

hardness, must have tenacity and elas-

ticity.

A good workman, willing to give the
greatest perfection to an instrument, will

be very careful when tempering it, in

order to obtain the various shades which
are necessary. A knife, for instance, must
be brown purple at the cutting edge,

purple in the middle, and sea green at

the back, to unite the hardness of the

cutting edge, with a certain amount of

resistance which will prevent its breaking
under a strain.

This is obtained by using certain pre-

cautions, and above all, by not going
beyond the proper degree, because it is

very difficult to retrace the steps. If the

fire was too strong or irregular, part of

the edge may be purple brown, while the

other is only straw yellow; then, by
pinching the blade between red-hot
tongues, at the place which should be
more heated, the temperature rises

rapidly, and the instrument is brought
up to the proper tempering point. Cer-
tain scraping and burnishing tools, and
steels for sharpening, do not require any
tempering, because they cannot be too
hard.

The Rhode Island Locomotive Works
are making 5 locomotives a month,

and their capacity is to be doubled.

Lead Pencils, once really made of lead,

are now chiefly made of the plumbago
from the Alibert mines in Siberia.
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ELECTRIC LIGHTS FOR LIGHT-HOUSES AND
SHIPS.

By Ernest Saint Edme, of tho Conservatory of Arts and

Trades.

Translated from Annates du Genie Civil, September, 1868.

The Electric Light is nothing but
the luminous arc formed between two
carbon points fixed at the poles of a strong

pile, or magneto-electric machine. It is

due not to the combustion of the carbon
points, but to the irradiation of their

molecules, which fly continuously from the

positive to the negative pole of the source

of electricity. Hence, were there no
combustion, that is, were the operation

in a vacuum, the distance between
the points being regulated according to

the intensity of the current, there would
be a continuous luminous arc, since the

exact quantity of matter forming from the

positive would arrive at the negative pole.

The function of a regulator of the elec-

tric light is, therefore, to correct mechanic-
ally the space between the carbon points,

which results from their combustion, in

air. The operation cannot be in a vacuum,
for the glass envelopes cannot resist the

heat due to the formation of the arc.

Messieurs Staite and Petrie in England,

and Leon Foucault in France, solved at

the same time the question of photo-elec-

tric regulators; and to Foucault is due
the first idea to make the electric current

itself regulate the movement of the points.

Since the first attempts to apply magneto-
electric machines to produce light, the

regulators exclusively used were the well-

known ones of J. Dubosc, disposed to

utilize the continuous currents; but the

conditions of the apparatus were such

that they could work with intermittent

currents. A little later, when the regu-

lator of Mons. Serren was coming into

use, Mons. Joseph von Malderen, during
a discussion, inquired of him whether he
could overcome some of the defects of

Dubosc's lamp; and he found that the

principle of Serren's regulator was such

that it could work with currents uncor-

rected. Thus it was a lucky chance that

led to the discovery that the regulator of

Serren, constructed like all others to be
used with currents from the pile, could
work with the uncorrected currents of

the machines; but that which had no
chance about it was the intelligence and
perseverance of Malderen, who compre-

hended that the difficulty came from the
regulator; and that what one failed in,

the other might perhaps accomplish.
Since then, each inventor had to trans-

form his apparatus; and Foucault, just

before his death in 1866, gave the last

touch to one of his early models, and con-
fided to Dubosc the task of realizing his

idea. Serren's regulator was applied in

the light-house at Cape la Heve, and Fou-
cault's in the garden of the Exhibition.

The latter excited doubts on account of

the great precision required in fitting;

but a trial of long duration proved the
genius of its author, and his ability to

reconcile delicacy and complexity with
solidity.

Foucault undertook to make a regula-

tor that should absolutely fulfil the two
main conditions—the diminution of all

the causes of extinguishment, and the
fixity of the luminous point. The two
principal causes of extinguishment are:

the too great separation of the carbon
points, and their accidental contact.

[The description of the apparatus would
be scarcely intelligible without the en-

gravings, which we have not time to pre-

pare for this number; we therefore must
refer those who are specially interested

in the details to the Annates du Genie
Civil, for September, 1868.]

This regulator, constructed by Dubosc,
has since been arranged by him to work
either with the pile or the magneto-elec-
tric machine, with the precision required;
and it is sufficiently hardy for service in

light-houses, ships, and operations under
deep water.

Mons. Reynaud, director of the admin-
istration of light-houses, three years ago,

made a complete report on the question
of electric lighting on the coasts; and
since then nothing of interest has ap-

peared to add to that report. The fol-

lowing tables taken from it show that the

cost of lighting by oil is dearer than by
electricity, in the proportion of 580 to 79.

Light-house with Oil Light.
Francs.

Apparatus, with armature 37,940

Mechanical lamps, 3 2,100

Revolving machine 3,200

Furniture 900
Lantern, with glass, etc 20,406

Setting up 3,900
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Annual costfor 4,000 hours of lighting.

Francs.

Interest and wear, 10 per cent G,844

Annual expenses 7,973

14,817

Which, divided by 4,000, gives 3.7 as the

cost per hour.

The intensity of the light sent to the

horizon, is about equal to 630 Carcel burn-
ers : the cost per unit of light equal to

that of a Carcel burner, is therefore .58

francs.

Light-house with Electric Light.

Francs.

2 magneto-electric machines 16,000
2 steam engines and accessories.. . . 6,000

2 regulators and setting up 3,000

Lenticular apparatus 3,000

28^0~00

Cost per hourfor 4,000 hours per year.

Francs.

Interest and wear 70
Fuel for steam engines 40
Wages for 2 firemen 70
Wages for 2 watchmen 50

Carbon crajrons 36

Oil, etc., for machinery 13

~2.79

The mean intensity of the light sent to-

wards the horizon, that is, taken outside

of the apparatus, is equal to 3,500 Carcel

burners, which gives as the cost of a Carcel

unit of light sent to the horizon, -g^nr—
.079 francs.

Against this immense advantage in

favor of electric light there is the fact

that the light from oil has more power to

penetrate fog, being richer in red rays,

than the electric light. In misty evenings
one can see that the moon and gas lights

have a red or orange tint, the blue rays

being refracted, and unable to traverse

the foggy atmosphere. Therefore, to make
the electric lighting sure, it is necessary to

have 2 machines, one of which will be
kept ready for use in case of accident to

the other; or in case of fog, when both
will work together, and give double light.

In this way the greater atmospheric re-

sistance is overcome. This expedient is

not possible with oil lamps; for we can-
not double the flame of a lamp as we can

double the electric current that flows be-
tween the carbon points.

Electric lighting in light-houses seems
not to have made much progress since

the report Mons. Reynaud; and the rea-

sons of it are easy to be seen.

To transform existing light-houses, we
must sacrifice the existing apparatus, for

the sole advantage of increasing the light

at any moment. Besides, it is doubtful
whether all light-houses are large and
strong enough for the accommodation of

the new machinery; this is certainly the
case with most of the light-houses on the
coast. As to the light-houses of inferior

order, it would be illusory to think of al-

tering them. And other difficulties are
inherent in electric lamps, which, howev-
er well designed, are subject to causes of

derangement which render necessary the
best mechanism; and the crayons, if im-
pure, may scale, and cause interruptions;
and these impurities might cause mis-
takes incompatible with the service of

the light-house.

In conclusion, when a new light-house
is to be built, it will be advantageous to

adopt the electric light; but the impor-
tance of the question, relative to the gen-
eral administration of light-houses, is

much less than was at first supposed.
In 1863, in a notice of the applications

of the electric light, we suggested the
lighting of vessels by it. The maritime
exhibition at Havre shows that our sug-
gestion has been considered, at least in

principle. In the point of view of light-

ing the course of a ship, no one will deny
that the oil lantern is insufficient to pre-
vent collisions at night; while the electric

lantern would illumine the air all around,
and the rocking of the vessel would cause
such changes of light as would attract the
notice of the men on other vessels. When
we consider the whole cost of a ship, that
of electric engines is insignificant; 2 or 3
horse-power will work a magneto-electric
machine. And the electric light will

serve other purposes on board a ship.

Recent experiments have shown that it

would be possible to assist a ship in her
course by dazzling the steersman by a
jet of light, when an oil lantern would not
be seen by him.

It can also be used to light under water

;

an application that concerns the repairs

of the sheathing and hulls of vessels,

the finding of lost articles, and the catch-
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ing of fish. The fish are confused by the

light, and then easily caught. Mons.
Dubosc exhibits a specimen lantern well

fitted to enclose an electric lamp. The
conducting wires are connected so that

there is no chance for water to leak into

the lantern. This apparatus can, without
fear of too high pressure, be lowered to

great depth in the sea.

View from a Balloon.—The view over
London, in ascending 2,000 feet, is thus

described by the "London News":—The
earth and its dwelling-places, its trees,

its roads, its rivers, drop slowly down
and resolve themselves into a clearly

defined, widely spreading map. The
steamers plying on the Thames recalled

the toy-boats at the Polytechnic; the

black ants rushing busily to and fro in

the barren space immediately below were
schoolboys in a playground a few min-
utes since ; the strips of drab tape stretch-

ing their devious courses to right and left

are roads; the squares and oblong green
patches with dark borders, fields; and that
large table upon which a game of domi-
noes is apparently being played is Bromp-
ton Cemetery ; and it is its profusion of

white tombstones, some flat, some upright,

which are recalling the old game. There
seems a mighty stir among the pigmies
below, and huzzahs which become faint

in the distance, but are never quite lost,

come up to us cheerily. The small boxes
drawn by ants, into which cabs and omni-
buses have resolved themselves, twine
their way along the strips of drab tape,

and almost arouse wonder by never de-
viating from their path.

might rather be named impure sulpho-
cyanide of ammonium than sulphate of
ammonia. The knowledge of this fact
is of great importance to makers of
chemical manures and farmers, inasmuch
as only one-half of the nitrogen existing
in sulphocyanide can be made available
for manuring purposes.

Sulphocyanide op Ammonium.— At the
last meeting of the British Associa-

tion, Dr. Phipson read a paper on this

subject, in which he pointed out a fact of
some importance to agriculturists, viz. : that
for many years past the ordinary sulphate
of ammonia manufactured in gas works
by neutralizing gas liquor with sulphuric
acid contained small quantities of sulpho-
cyanide of ammonium, say from 2 per
cent, to 4 per cent. ; but latterly many
specimens of commercial sulphate of
ammonia contained a very much larger
proportion, some specimens yielding as
much as even 75 per cent, of sulpho-
cyanide. So that, in fact, the article

Chemical Nature of Cast-Iron. — At
the last meeting of the British Asso-

ciation the report on this subject by Dr.
Matthiessen and Dr. Kussell led to some
discussion. It seems that though no less
than 70 experiments were made in the
production of pure metallic iron from
its various compounds, the reporters had
not yet succeeded in obtaining any iron
perfectly free from sulphur. Dr. Mathies-
sen hoped, however, by continuing his re-
searches, yet to obtain a perfectly pure
sample of metallic iron. In the course
of the discussion which followed, Mr.
Sutton suggested that probably the pres-
ence of sulphur in iron was only another
instance of the persistence of that ele-

ment in the atmosphere, as shown by
the experiments of Mr. W. F. Barrett,
who first devised the method of detecting
the presence of sulphur upon the surfaces
of bodies exposed to the air by projecting
upon them a flame of hydrogen, a magni-
ficent blue flame resulting therefrom.

Boiler Explosions, having been attrib-

uted, from time to time, to every
known agency of explosions, it is not
singular that upon the discovery of nitro-

glycerine, they should have been attributed
to it—upon the following curious reason-
ing : Fatty matter in the water in a
boiler, acts chemically on the steam,
forming glycerine. When organic matter
is present in the water, the chemical
affinities will set free electricity, which
generates ammonia—which mixed with
moist air at a temperature 212° Fah. over
water containing potash, produces the
nitrate of potash. Glycerine and nitric

acid readily combine chemically, the
glycerine gives up a portion of its hydro-
gen and takes on a part of the oxygen,
when they all combine into a new
compound, nitro-glycerine, which has 21

times the specific gravity of water.

Nobel's blasting oil is composed of

glycerine, sulphuric acid, and the nitrate
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of potash. Nitroglycerine being insoluble

in water, and having greater specific

gravity, it readily finds the bottom of the
boiler, where it would remain were it not
for the sudden rise of temperature. It is

not explosive at 212° Fall., but at 360°

Fah. (which it soon attains in contact

with the boiler plate), explodes with
13 times the force of gunpowder.
Hence those terrific and unaccountable
explosions that so often take place when
the boiler contains its maximum of water.

Finally, at least 90 per cent, of all the

terrific disasters on our western rivers

have occurred in the spring of the year,

when the rivers were full of surface water
containing organic matter, fats or oils,

potash, and sulphur; or they blew up at

or near the levee of some city, where
they had taken on a supply of water
contaminated with sewerage, containing
the very elements of destruction.

As the Scientific American suggests, all

the elements of gunpowder also exist in

river water, and gunpowder is, therefore,

as likely a cause of boiler explosions as

nitro-glycerine.

AN EXGLISH EXPRESS LOCOMOTIVE.

The following are the principal dimen-
sions of the latest style of passenger en-
gine on the Great Northern Kailway.
The engine has a pair of leading and a

pair of trailing wheels, a pair of drivers

nearly in the centre, and inside cylinders

—the old-fashioned English engine, with-
out modern improvements in the distribu-

tion of weight and strain, but well-pro-

portioned in detail:
Ft. in.

Boiler

:

Diameter of barrel, inside smallest plate . . 3 934
" largest " . 3 1134

Length of barrel 10 2
Length of inside firebox 4 8%
Width " " 3 5
Height " " at front 5 934

" " at back 5 3%
Thickness of barrel 034
Thickness of smokebox tube plate 0%
Thickness of firebox plates 34 in., except

tube plates, which is % in. thick at the
upper part, and thinned to 34 m - below
the tubes.

Number of tubes, 192.

Length " between tube-plates 10 h%
Diameter " outside 1%
Thickness " at firebox end No. 12 W. G.

II 11 11 (i 11 J4 11

Length of smokebox inside 2 534
Diameter of chimney inside at top 1 634

_

" " " at bottom 1 0%
Height of chimney above top of smokebox. 3 10

Heating surface

:

Tubes (outside) 922}^ square feet.

Firebox 8934

Total 1011%
Firegrate area 16.4 square feet.

Wheels and Axles:
Diameter of driving -wheels 7 1

" leading '
' 4 1

" trailing " 4 1

Distance between centres of leading and
driving wheels 9 6

Distance between centres of driving and
trailing wheels 7 6

Total wheel
:
base 17

Bearings of Driving Axles:
Diameter 7
Length 7

Bearings of Leading and Trailing Axles :

Diameter 5
Length 10
Diameter of axles at centre 5

Cylinders

:

Diameter 1 5

Stroke 2
Length of ports 1 2

Width of steam ports 1J4
" exhaust ports 234

Working Gear :

Length of connecting-rods between centres 5 9
Diameter of bearing at large end 7
Length " " " 4
Diameter " small " 3
Length " " " 3
Width of guide bars (double) 234
Length of crosshead blocks 10
Diameter of piston-rods 2%

" valve spindles 1%
Length of eccentric rods between centres . 5 234

Frames

:

Length of frames outside buffer-plates . . . .23 4
Thickness of inside frames 134

" outside " 0j|
Depth of inside frames between cylinders

and driving horn-plates 1 5
Depth of inside frames between driving
and trailing horn-plates 1 3

Depth of outside frame between horn-plates 1
Weight of Engine Empty:

tons.cwt.
On leading wheels 9 13
On driving wheels 12 12
On trailing wheels 8

30 5

The steam pressure carried is 130
pounds; the tractive force about 7,000
pounds; the regular speed 44 miles per
hour, exclusive of stops. The tyres, axle-

box guides, crank axle, guide bars, and
piston-rods are of steel. The engine is

fully illustrated in "Engineering," Oct. 9.

The Phcenix Mills, at Seneca Falls, N.
Y., are the largest of their kind in

this State. They comprise 3 buildings of

the following dimensions : 200 by 70 feet,

150 by 50, and 120 by 65, with a ware-
house 200 by 45, They contain 26 sets of

woollen machinery of the most improved
patterns. The working force of the mills

is 1,000 hands.
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OLD AND NEW WAYS OF BEEAD-MAKING.

From the " American Artisan."

There is probably no substance used

for food that has been made from a greater

diversity of materials or by a greater va-

riety of ways than bread, and very few
which possess greater elements of interest

to the general reader or the student of

practical science.

It is believed that the earliest loaves

were made at a period anterior to the in-

vention of even the oldest grinding or

pulverizing devices, by simply soaking
grain in water until it became soft and
pidpy and then pressing it into cakes,

which were baked in the camp-fire embers
where the rude and wandering tribes

pitched then- tents each night. It was
but a slight advance on this to bray or

pound the wheat, millet, or other grain in

a mortar, and, after moistening the pow-
dered mass, spreading it upon a hot sur-

face to bake, or placing it wrapped in

leaves in the hot ashes for the same pur-

pose; yet this, almost the first and primi-

tive method of bread-making, has ob-

tained, with a simple change in the mode
of pulverizing, to this day. "When the

Hebrews dwelt in the land of Goshen
they baked the huggoth, or little cakes of

unleavened bread, under the ashes or

upon the hearth. In recent times the

far-famed oat-cakes of Scotland have been
made by wetting the coarsely bruised or

powdered oats with water having a little

salt dissolved therein, and after rolling

the mass into a thin sheet placing it be-
fore the fire. Bannocks are said to be
made in the same way in India, and in

our own country bruised corn-meal spread
wet upon a shingle, placed aslant in front

of the hearthstone fire, constituted the
johnny-cake that made the greater part
of the pioneer's daily fare. The method
of baking under the ashes is still followed
by the women in Bulgaria when bread
must be made in haste, so as to meet the
wants of travellers; and the hoe-cake of

the South owes its charcoal crust to the
same process. The making of bread is

also characterized by the unique nature
of the materials used; for instance, the
Laplanders, having no grain, make a kind
of bread of dried and pulverized fishes

and the inner bark of the pine-tree, and
in Sweden and Norway the wood of beech
and similar trees which contain no tur-

pentine is sometimes converted into
bread. This is done by macerating the
wood in water, and boiling it to remove
the soluble matter. The wood thus ma-
cerated, after being heated several times in
a suitable oven, is reduced to a fine pow-
der by grinding. It is asserted that this

wood-flour much resembles that made
from corn, having a yellowish color and
being capable of fermentation on the ad-
dition of yeast, and furthermore produc-
ing loaves of uniform and spongy texture.

This flour also yields by boiling in water
a thick jelly something like that made
from wheat-starch. Pulverized pine bark
is very often mingled with rye-flour in
Northern Europe.
The bread made according to the sim-

ple methods above described may all be
classed as unleavened bread, but the use
of barm for making raised bread was
known as far back as the time of Moses;
and its employment passed from Egypt
to Greece and Italy, and afterwards to all

the northern nations conquered by Bo-
man arms. No other means of making
light or raised bread were ever known
until within a comparatively recent period,

when the same spirit of progress that rev-

olutionized other departments of industry
led to improvements in the art and mys-
tery of making the staff of life. A men-
tion of some of these last may be of inter-

est.

Aside from convenience in the process
of making, one great object sought to be
secured by the recent methods is to obvi-

ate the loss resulting from the fermenta-
tion produced by yeast, and which has
been variously estimated at from 2 to 10
per cent, of the entire weight of flour.

To effect this object the bi-carbonate of

soda and hydrochloric acid have been
sometimes brought into use, there being
intimately incorporated with every 4
pounds of flour employed 320 grains of

the powdered bi-carbonate. To the flour

thus prepared is added a solution com-
posed of 300 grains of common salt, 6i
fluid ounces of hydrochloric acid, and 35
ounces of water. The dough being
kneaded is placed in the oven for baking
in the ordinary manner. The acid com-
bines with the soda of the bi-carbonate,

converting it into common salt which is

left in the bread, and disengages carbonic

acid which puffs or swells it up in the

same way that the carbonic acid liberated
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by the action of leaven brings about the

same end. Another plan, most frequent-

ly adopted in making rush, gingerbread,

etc., involves the use of the sesqui-carbon-

ate of ammonia, which, when the dough
is heated, is converted wholly into a gas
and passes off, leaving the bread in the
form of a light spongy mass.

There is also a different plan of mating
what is known as aerated bread, in which
the dough is placed in a box, and mixed
by machinery with water charged with
carbonic acid. "When the dough is taken
from the box where it is thus mixed
under pressure, the carbonic acid escapes
from the water and " raises " the bread, so

that by this means not only is all loss of

flour prevented, but the process, instead
of requiring 8 or 10 hours, as by the
common mode, may be completed in 30
minutes.

TELEGRAPH ENGINEERING IN 18G8.

The progress of telegraphy during the
past year has not been distinguished by
any remarkable invention, and generally

telegraphic extensions in this country
have been checked by the contemplated
assumption of the telegraphs by the

Government. Messrs. Siemens have pro-

jected and commenced, in connection with
our North Sea cables, an extended aerial

telegraph through Prussia, Russia, and
Persia, to join our Indian lines at Teheran,
and though rival interests are striving

very hard to cry down this route in favor

of submarine lines through the Mediter-
ranean and Red Sea, we have no doubt
that the known ability of the contractors,

and the manifest superiority of a well-

constructed land line over the uncertain

durability of a submarine cable, will make
this telegraph the favorite " silent high-

way " to the East
Immense stimulus has been given to

submarine telegraphy. There are more
miles of cables in construction at the

present moment than at any previous
period of telegraphic history, and during
the past year new cables have been sub-
merged—between Malta and Alexandria,

900 miles ; between Sunderland and Den-
mark, 340 miles, and between Florida
and Cuba, 110 miles—though this last is

not yet completed, owing to the expedi-
tion running short of cable. Sir Charles

Bright is now engaged in completing his
difficult task. The Danish cable is re-

markable - for being the first cable of any
length constructed with Hooper's insu-
lated core, and 500 miles of cable of the
same material are now coiled in the tanks
at Henley's works, waiting submersion in
the Persian Gulf. The largest submarine
project of modern days, the French At-
lantic cable, is making rapid strides at
the gutta-percha works and at the tele-

graph construction works at Woolwich.
It is expected to be laid in August.
It consists of 3,047 miles of rope, and
it will be submerged from the same ship
and by the same experienced hands
that were engaged over the previous
cables.

During the year Professor Wheatstone
received the just reward of a knighthood
for his numerous and beautiful inventions
in telegraphy.

The Atlantic cable broke near New-
foundland, and was readily repaired.
This is the second time such an accident
has occurred. Many other such accidents
have happened during the year to other
cables, including the Persian Gulf, the
Malta and Alexandria, the Dunwich and
Zandvoort, the Lowestoft and Zandvoort,
the Sicilian and Algerian, etc. The main-
tenance of submarine cables has become
an important and valuable branch of the
engineering profession, and the expe-
rience of our engineers has shown that
repairs to cables are practicable in all

depths. Considerable confidence in such
enterprises has been engendered, and the
public are becoming far more liberal in
their contributions towards this vast field

for investment. China and Australia can-
not long remain beyond the pale of the
electric spark.

The all-absorbing domestic question of
the day is the purchase of the telegraphs
by the State. This is expected to be
completed in June. The telegraphs will

pass to the control of the active executive
of the Post-office, and the public will be
great gainers by the exchange. How the
professional branch is to profit or suffer

remains to be seen.

—

Engineering.

atek-Powee in Maine, according to a
State report, consists of above 2,000

different " privileges " of an aggregate of

300,000 to 600,000 horse-power.
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Ship Canal from Oswego to Albany.—
- It is proposed to construct a ship

canal from Oswego to Albany by enlarg-

ing the Erie Canal from Albany to Oneida

Lake, thence along the head of the lake

and down the Oswego river. The lockage

is 230 feet. With this canal, vessels loaded

with grain could sail from Chicago to

Liverpool by way of New York, avoiding

the difficult navigation of the St. Law-
rence river.

Furniture-making in Italy.—The Italian

cities were famous in the middle
ages, but not more famous than at pres-

ent, for the production of furniture

and house and church decoration in

wood, not only in large quantities, but of

light and tasteful designs. The principal

modern works of Barbetti, at Florence,

employ about 100 workmen, and turn out

a value of half a million dollars per an-

num. At Milan there are 30 smaller

manufactories, employing some 250 men.
The more beautiful of their productions

are in carved woods and in marqueterie
work, inlaid with metal and enriched with
ormolu or colored stones, or miniatures

and pictures in majolica. In various

parts of the province of Milan this manu-
facture gives employment to 350 families.

Here, as well as in the Venetian provinces

and about Naples, much cheap as well

as costly furniture is produced. At the

principal works in Florence, Milan, Turin,

and Naples, wood-working machines
driven by steam are considerably em-
ployed.

inans' Cigar Steamships.— However
opposed the principles of Messrs. Wi-

nans' construction may be to the general
practice, it should appear that they have
not been arrived at without long and costly

preliminary experiment. The "London
Times " details experiments made by Mr.
Winans long since, in Baltimore, with
various forms of hull and frictional sur-

faces, and states that Mr. Winans' plans
are soon to be tested on the large scale of

ocean navigation.

Australian Coal, equal to the Eng-
lish North Country coal, is worth 7s. to

0s. per ton at Sydney, the mines being 5
to 7 hours distant, near the coast.

WORKING PLANT AND APPLIANCES.

From " The Building News."

Human invention and ingenuity are
ever on the stretch to keep pace with the
contingencies that are daily and hourly
occurring, and are the inseparable at-

tendants of an age of reason, enlighten-

ment, and national education. No soon-
er is one improvement patented and giv-

en to the public than another springs up
superior to its predecessor, and after that

another, and so on until man's inventive

faculties are racked and the powers of

imagination strained to the utmost to

meet the ever-increasing demands.
Notwithstanding that the aid of machin-

ery has been called largely into requisi-

tion in the construction of engineering
and architectural works, yet many of the

processes and operations still continue to

be carried on by manual labor. Earth-
work is still nearly universally performed
by hand. The old system of laying down
temporary rails, filling the " lorries," and
tipping them over the "tip head," is still

practised, and will be for a long period
to come. Where the excavation takes the
shape of a tunnel, special machines are
used, as in the case of Mont Cenis, which
is an example upon the largest and most
successful scale that has ever been at-

tempted. A marked improvement was
visible in the construction of engines,

movable cranes, and other mechanical
appliances for raising loads at the recent
"Exposition," in comparison with the
specimens exhibited at previous inter-

national displays; they were much sim-
pler in construction, better finished with
respect to fitting and workmanship, more
practical in design, less costly, and better

adapted for rapid manipulation, and less

likely to cause accidents and mishaps
among those working them.
Except in comparatively insignificant

instances, the old system of scaffolding

for house building is completely obsolete.

Contrast the methods at present employed
in the erection of the new mansiono on
the estate of the Marquis of Westminster
with the more ancient system, wherein
round larch and fir poles and rope lash-

ings formed the prominent features. We
replace manual labor in what might be
termed the transference of materials by
the agency of movable cranes running
upon strong timber traverses; and in this
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respect our system, as a whole, is supe-

rior to that of our French neighbors. There
is no country where the erection of build-

ings, so far as modern inventions and
conveniences are concerned, has made so

little progress as France. Notwithstand-

ing that there is an abundance of more
favorable appliances at hand, she con-

tinues to employ the ancient methods in

spite of their slowness and cost.

One especial point in which there is a

marked distinction between us and conti-

nental nations is in the substitution of iron

for timber. Among ourselves this is now
almost universal. An engineer would
never dream of erecting a timber bridge

except upon a scale of the most trifling

character, nor, in fact, were it intended
for railway traffic, would the Board of

Trade sanction it. Cast and wrought-iron
joists and beams are now the ordinary sup-

ports in warehouses and large buildings,

to the almost entire exclusion of timber.

The case is otherwise in France, where
heavy balks are still employed in situations

that we should now never think of their oc-

cupying. Recently iron wire has been used
there with great success instead of ropes

for scaffold fastenings. From very early

times the Italians have been in the habit

of adopting a peculiar description of scaf-

folding in which very short timbers are

used, and the erection of which is carried

on with extreme rapidity and consider-

able solidity. It is quite possible that if

this system were modernized, and received

the benefit of all the recent improvements
and modifications, it might prove a very
valuable one.

It might be supposed, from what has
been stated respecting the substitution of

iron for timber, that the trade of the car-

penter had declined, and had, in fact, be-

come merged in that of the smith. To
some extent this is probably true, but not

to a degree sufficient to affect the absolute

earnings of the former. Permanent iron

constructions of the present day demand
an amount of carpenter's work for tempo-
rary purposes, far exceeding what was re-

quired for the permanent timber erections

ofbygone times. Let any one take a glance

at the forest of piles, uprights, horizontal

trussing, bracing, strutting, and centering,

that obstruct the river at Blackfriars, and
it will be more than sufficient to assure

them that timber and carpentry still play

a very considerable part in engineering
and architectural structures.

Machinery has been established on the
most improved system and on the most
extensive scale for fashioning the timber-
work intended for the interiors of houses;
sawing, planing, mortising, tenoning, and
all the other operations once performed
solelyby hand labor, arenow accomplished
by the agency of machines. It is rather

curious that the principal railway ter-

minus in Munich was one of the first in-

stances abroad where all the timbers were
prepared by machinery. Germany and
our own country were the. two foremost
in availing themselves of the aid of steam
power for this purpose.

The real merit of substitution of machin-
ery for manual labor is undoubtedly due
to the Americans, and in their case was a

practical illustration of the old adage,
" Necessity is the mother of invention."

From a scarcity of manual labor, an in-

convenience that all young countries suf-

fer from, she was obliged to invent some
means of accomplishing by machine power
what was effected in more populous coun-
tries by hand labor. It is often said that

the Americans invent, but we improve, and
there is much truth in the remark. The
reason is easily found, and the validity of

the observation confirmed. The Amer-
icans have not the time to perfect any in-

vention; they are daily, almost hourly,

in want of it, and are compelled to utilize

it before it has received that finish and
those nice adjustments which in reality

constitute the whole mechanical beauty
of the machine. YvTien the crude ma-
terial comes to us we have leisure to ex-

amine it and it therefore receives from
us that remodelling and final improve-
ment which the urgency of the case did

not admit of in the land of its birth.

Silsby's Fire Engine Works at Sen-

eca Falls, N. Y., comprise 2 ma-
chine shops, 120 by 45, and 60 by
45, a foundry 90 by 50, a smith shop 75

by 50, a boiler shop 40 by 40, a paint

shop, brass foundry, etc. They employ
160 men, and have built over 200 steam
fire engines, besides various steam and
pumping machines and hydraulic fittings.

The Silsby pumps are rotatory instead of

reciprocating.
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THE IKON WORKS OF LE CREUSOT.

Condensed from the Correspondence of the "Mining Journal."

Few travellers through Burgundy, and
more especially that portion of it purple

in the summer's prime with the luscious

fruit of the vine, would imagine that it

has its black country. But a cloud of

smoke persistently hangs over a por-

tion of it—smoke from the iron works of

Le Creusot, which, from the small pro-

portions of a local forge, set up in 1769,

nave grown to be among the most im-

portant and extensive in Europe.
The best and easiest route to Le Creu-

sot is by the railway which branches from
the Paris and Lyons line a little south of

Beaune, to Montchanin, and from thence

by another line communicating with
Nevers, which passes close to the works.

Le Creusot now has a population exceed-

ing 25,000 souls, all more or less con-

nected with the works. In 1782 Le
Creusot bore the name of Charbonnieres,

given to it in consequence of the dis-

covery of coal near the village and close

to the surface of the ground. The dis-

covery having been communicated to

Louis XVI. a company was formed,

under his patronage, to work the mine;
and as laborers were scarce, the king
placed a regiment of soldiers at the dis-

posal of Gauthey, engineer-in-chief to

the States of Burgundy, who was ap-

pointed to open the mine. Shortly after

a steam engine, constructed by Watt,
was brought over from England, the
cylinder of which is carefully preserved
as an interesting relic. By means of this

engine considerable quantities of coal

were raised, and the almost simultaneous
discovery of iron ore near the coal gave
a fresh stimulus to the company. By
order of Louis XVI. and on his death
by that of the chiefs of the revolution, a
great number of cannon and cannon-balls
were cast here ; and the hill where the
guns were proved and tried was called

Les Boulets, by which name it is still

known. After the revolution Le Creusot
passed into the hands of the brothers
Chagot, under whose direction various
iron works were erected and all the gas-
pipes for Paris made. In 1826 the above
gentlemen disposed of the works to an
English company—Manby and Wilson

—

for the sum of 2,620,000 frs. But the
concern did not prosper in their hands

—

the company collapsed; and in 1837 the
establishment was purchased by the
Brothers Schneider, one of whom had
been long engaged in commerce in Paris,

while the other had been trained among
the forges of the Ardennes. An unfor-
tunate accident terminated the life of the
elder of those brothers in 1845, since

which period the management has been
in the hands of M. Eugene Schneider
(the well-known President of the French
Corps Legislatif ), who has developed its

resources to their present gigantic pro-
portions—how gigantic may be conceived
from the fact that while in 1837 the work-
men did not exceed 1,000, they now num-
ber 11,000.

The greater portion of the iron ore
worked at Le Creusot is obtained from
Mazenay, at the junction of Burgundy
and Maconnais. This ore yields 28 per
cent, of iron, and extends over a vast

area. The vein, which in no place is

more than 130 feet from the surface of

the ground, averages 6| feet in thickness.

The present annual yield is 262,000 tons.

The ore is conveyed by a special railway
to Le Creusot, where it is passed through
enormous blast-furnaces of the most
approved construction. Large as is the
supply of iron ore from Mazenay, it does
not meet the requirements, and other
mines feed these great works. Among
these is the famous Algerian Mine of

magnetic iron ore at Mokta-el-Hadid,
which yields no less than 65 per cent, of

excellent iron, and of which large quan-
tities are now shipped to Dunkirk, where
it is sold at 11. 8s. lOd. per ton.

To meet the great and continually
increasing demand for steel, enormous
works for carrying on the Bessemer pro-
cess are being erected, which, when com-
pleted, will extend the total area of the
works to 357 acres. But perhaps the

most impressive department of this

establishment is that of the forges,

contained in a shed covering no less than
29.65 acres, and containing 68 steam-
hammers, 672 machines of various kindo,

and 85 steam-engines.

With respect to steam-hammers, it is

due to our neighbors to state that they
claim the invention of this most useful

machine for their countryman M. Mour-
don, who took out a patent for its con-
struction in April, 1842, whereas Mr.
Nasmyth, to whom the invention is gen-
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erally attributed, did not, as they say,

take out bis patent in England until June
in the above year, having, moreover,
visited Le Creusot between the above
months.
The shed containing the workshops for

the construction of locomotives, marine
and the other steam-engines, iron bridges,

pontoons, etc., is scarcely inferior in ex-

tent to that devoted to the forges. It

contains 37 steam-hammers, and 567 ma-
chines of various kinds. Locomotives are

building here for nearly all the States in

Europe.
That the flourishing condition of Le

Creusot is partly due to the enormous
supplies of iron ore and coal at its very
door is unquestionable; but credit must
be also given to the admirable manage-
ment prevalent throughout all the depart-

ments. Its large and continually increas-

ing business must also be ascribed, in a

great measure, to the fact that the wages
of the skilled workmen are below those

received by English operatives of the

same class. According to the informa-

tion communicated, the wages paid to

plate-rollers is 10 frs. for 10 hours' labor,

and the first-class workmen engaged on
locomotives receive only 5 frs. The
average daily wages of all the workmen
is now 3 frs. 45 cents. Low as these

wages are, compared with those paid

to English artisans in our iron works,

the prices of provisions at Le Creusot

are such as to enable the operatives

to live comfortably within their in-

comes. The rent of a house, contain-

ing 3 rooms, varies from 100 to 125

frs. per annum; and the average living

expenses of a family consisting of 3

persons is stated to be 1 fr. 50 cents per

day. Great facilities are given to the

workmen to purchase the houses which
they occupy. The average cost of these

is 1,800 frs. ; and at present 2,131 work-
men own the houses in which they live.

Several excellent, and almost gratuitous

schools exist in the town, the payment
exacted being only 75 cents, per head
monthly. Boys are taught reading, writ-

ing, grammar, arithmetic, and draw-
ing; and those who manifest intelligence,

and a decided capacity for mechanics, are

sent, at the expense of the company, to

the High School of Arts and Metiers at

Aix, from whence they are drafted to Le

Creusot when their education is com-
pleted.

From a statistical document, it appears
that during the 15 years ending 18G5, out
of the entire population only 632 persons
were sentenced to punishments for crimes,

and these were of very light nature.

Drunkenness—that curse of our country
—is very rarely seen at Le Creusot; and
woman beating, which disgraces English
working communities, is, it may be said,

entirely unknown.

inekal "Wealth of Missouri.—There
are three copper fields in Missouri.

These extend through Franklin, Craw-
ford, Dent, Shannon, Wayne, Madison,
and Iron counties, and include 500,000
acres of copper lands. The practical geol-

ogy, topography, surface signs, and ores

discovered and mined in these coj)per

fields, indicate that the repletion, or filling

of these copper veins, is on a scale of

magnitude corresponding to the iron-pro-

ducing action that formed the Lon Moun-
tains. No copper has been mined in Mis-
souri since 1856.

There are 2,000,000 acres of lead fields

in Missouri; 30,000 acres have been mined
and yield $25,000,000 worth of lead.

This lead was made from ore from " clay

diggings," which is the croppings of veins

in the rock.

The value of pig-iron made in

Missouri in 1867 was about $1,000,000,

lead $300,000; no copper, zine or nickel.

Value of pig-iron made in Pennsylvania
in 1867, in round numbers, $30,000,000.

Missouri contains a much richer charac-

ter of iron ores than Pennsylvania, and
ten times the quantity.

—

Iron Age.

The Petroleum Trade.—Philadelphia

ships about half of the petroleum
sent abroad from the United States. Pitts-

burgh is the principal market for the

article west of the Alleghanies. From
January 1st to November 14th of the

year just past, Philadelphia exported

33,665,224 gallons of petroleum. In the

same period, the exports from Boston
amounted to 2,267,517, and from Port-

land 580,400 gallons. During the same
period in 1867, the exports from Phila-

delphia to foreign ports were 25,621,005

gallons, showing an increase this year of

upwards of 8,000,000.
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C1
AEB O N in Steel.-—Hardened steel

) leaves no carbonaceous residue on
solution in muriatic or diluted sulphuric

acids; unhardened steel also leaves none
when dissolved at as high a heat as pos-

sible with exclusion of air ; but it leaves

such a residue when solution is not at

first or at the proper time aided by heat.

This residue is not dissolved by further

heating-.
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WOOD suitable for cabinet making and
decoration, according to a report on

the woods in the Paris Exhibition, exists

in much larger quantities and of much
greater variety than is generally supposed.
But a small number of the hard and beau-
tifully colored and variegated woods that
are accessible in various countries, have
been brought into use.

Another report magnifies the value of
wood to the world, deprecates the reck-
less waste of timber in new countries, and
advocates the enactment of better laws
for the preservation of forests.

Vol. L— No. 2.-9

THE STRENGTH OF CORRUGATED IRON.

BY J. E. HART, C. E.

From the " Bombay Builder," August, 1868. With comments
by Professor Raukine, from " The Eogineer," November 13,
1S68.

The following are the experiments on
the transverse strength of corrugated
iron, alluded to in a letter published in

the May number of the above journal

:

The iron experimented on was supplied

by Messrs. Nicol & Co., Bombay, and
supposed to be of the following gauges :

8 BWG, 10 BWG, 12 BWG, 16 BWG,
22 BWG. The sheets or plates were sup-
ported on trestles, and loaded in their

middle by weights suspended in a scale

pan. The bending action of the load was
distributed along the transverse axis by a

rigid bar of timber laid across the sheet

at right angles to the corrugations, and
the pressure of this bar was distributed

to ridge and furrow by a layer of damp
sand. Fastened to this bar by a cotter

was a flat strip of steel, which, passing
through a slot in the sheets, suspended a

stirrup with an universal joint carrying a

roughly made scale beam. The dimensions
of the slot were three-fourths of an inch
long by one-fourth of an inch wide.

The object of this arrangement was to

obviate any unequal strain on one side or

other of the sheets through the oscilla-

tions of the load in the scale pan. The
tressles were movable along sleepers sunk
in the ground, so that the bearings of the

sheets could be altered at pleasure. The
deflections were measured with a scale of

50ths of an inch, which was hung from
the lower side of the sheets between silk

threads stretched by weights between the

tressles. The thicknesses of the sheets

were measured with a scale of 100th of

an inch, read off with a magnifying glass.

The sheets broken were of various lengths
in order to test the accuracy of the for-

mula; for the same reason the bearings

were made to vary; and in order that the

comparison might be closer several of the

broken sheets were again subjected to ex-

periment. The constant, or modulus of

rupture arrived at, is on the whole suffi-

ciently uniform, and establishes fairly

Professor Rankine's approximate formula
for the moment of resistance of corru-

gated iron (see "Manual of Civil Engi-
neering," chap, v., sec. iv., art. 375).

±_fhbt. . .

15J <*
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which equated with the bending moment
for a central load gives

—

_Wl,JL -f hbt =lLh. whence
15J a 4

Ja
15 Wi
Id hbt

by which formula the modulus of rupture

fa is calculated.

In the formula :

W= The total load in pounds;
h= The height of the corrugations
measured from ridge to furrow;

b and t= The breadth and thickness
respectively of the sheets in inches;

Z= The bearing or span between sup-
ports in inches.

The heights of the corrugations were
found to be very unequal, not only in ad-

jacent ridges and furrows, but also in dif-

ferent parts of the same furrow. The

heights given in the data are the average
of all across the sheet in the middle, as
shown in the sketches of the section. The
outer corrugations, unless the plate was
expressly cut, were not of the full depth;
and their heights were rejected as an ele-

ment of strength. The thicknesses varied
in different sheets of the same gauge, and
also slightly in different parts of the same
sheet. They were measured from a piece

cut out of the sheet, and carefully filed

true; in a few cases, however, did they
correspond with the tabular value of the
thickness of the supposed gauge of the
sheets. The placing and removal of the
loading was effected through the medium
of a lever and screw-jack, which arrange-
ment obviated any chance of a jar of the
material from jerks or vibrations of the
load. Every care was taken to avoid in-

accuracy, either of observation or of

result.

c a
Description of Sheet.

Weight
in

Pounds.

Deflection
in

Inches.
Dimensions of Sheet and Remarks.

1 Gauge No. 22 (probably) 164
220
234

248
262
276
290
304
430

•60

.82

.88

.92

1.00
1.08
1.14
1.22
broke.

t — .029 inches.

Size of sheet, 8' X 2'— 3"
1 = 60 inches.

b = 27 inches -:fa = 46567 lbs. on

h — 67 inches.
sq

"
m*

Yielded slowly on adding last weight
by tearing off lower corrugations
on each side of slot in middle.

Gauge No. 20

Size of sheet, 6'X 2'-7f"

Weight of sheet, 29 pounds
Do. per square foot=l. 83 pounds

90 .18

146 .28

202 .40

258 .52
314 .64
370 .78
426 .96

ultimate
640 6.8
641 broke.

t = .035 inches.

1 = 60 inches.

b = 31.75 inches . •. fa= 45628.

h = .71 inches.

i*3*-»r

/%/^a/g^2/^^/v^
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Description of Sheet.

Weight
iu

Pounds.

Deflection
in

Inches.
Dimensions of Sheet and Remarks.

2a Uninjured end of above sheet rebroken . 1448 broke 1 = 30 inches.

h = . 72 inches.\fa= 50900.

3 Gauge No. 17 .46

102

158

214
382

1161

.08

.12

.20

.31

.40

broke

Size of sheet, 6'X 2'-3£"

1 = 60 inches.

b = 27.5 inches .: fa = 41663.

Two separate sheets with weight
hung between the right-hand sheet
failed first.

-zzzr KfNs-

Uninjured end of above sheet rebroken . 1018 broke.

160 .12

272 .22

384 .34

496 .46

720 .72

1224 broke

l= 30h= .86.b 3.5. :fa- ,41101

Gauge No. 17

Size of sheet, 6'X2'-3J"
Weight of sheet, 3S£ pounds
Do. per square foot =27.7 pounds

t = .06 inches.

1 = 60 inches.

b = 27. 75 inches . •. fa = 43528.

h = .95 inches.

Yielding slowly with puckering of
the top corrugation, and spread-
ing at sides.

Gauge No. 13 or 12

Size of sheet, 6'X 2'-9
Weight of sheet
Do. per square foot. . .

,

260 .28

596 .46

1044 .68

1794 a
1895 c

2114 d
2160 broke

t = .096 inches.

1 = 60 inches.

b = 33 inches.

h = .9 inches.

a here received a shock from slip-

ping of lifting tackle.

c do. do. do.

d plate began to sink visibly, giving
most at side where h was least.

GuageNo 12

Size of sheet, O'-OV'XO-IO- 1"-

Weight of sheet, 24.5 pounds
Do. per square foot, 4. 84 pounds

151 .12

263 .20

375 .30

487 .38
599 .46

1050

t = .l

1 = 48 inches.

b = 10.1 inches .'.fa = 49770.

h = .94 inches.
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Description of Sheet.

Uninjured end of above sheet rebroken.

Do. do. do.

Weight
in

Pounds.

17CS

2210

Deflection

in

Inches.

Dimensions of Sheet and Remarks.

1 = 30 inches . •. fa = 52376.4.

1 = 24 inches fa = 52374.6.

Guage No. 12

Size of sheet, 6'-0V'X0/ " 99"-

Weight of sheet. 23. 5 pounds
Do. per square foot, 4. 73 pounds

152 .10

264 .18

376 .26

488 .30

600 .44

768 .60

964 broke

t = .l

1 = 48 inches.

b = 99. inches .-. fa — 46124.4.

h = .95 inches.

Gauge No. 13 or 12

Size of sheet, 6'X1'
Weight of sheet, 27 pounds
Do. per square foot, 4. 50 pounds

90
146

.44

.72

202 1.0

258
314
428

1.36
1.8
broke

it-^-M

t = .095 inches.

1 — 60 inches.

b = 12 inches •fa = 43099.

h = .49 inches.

Gauge No. 13 or 12

Size of sheet, 6'X 1'

Weight of sheet, 28 pounds
Do. per square foot, 4.66 pounds

90 .34
146 .58

202 .80

258 1.04
314 1.26
426 2.10
. .

.

ultimate
480 2.78
483 broke

t = .095 inches.

1 = 60 inches.

b = 12 inches -'.fa = 41959.4.

h = 56 inches.

These two sheets 8 and 9 are rolled

to sharper curves at the corruga-

tions than others, and approach
the zigzag form. They are also

got from the same whole sheet cut

in half, and show a curious dis-

crepancy in the height of corruga-

tions.

Gauge No. 12 or 11

Size of sheet, 6'X2'-9"
Weight of sheet. 103 pounds. . .

.

Do. per square foot, 6.24 pounds

212 .12
436 .20

660 .26

884 .32
1108 .36
1332 .44
1780 .56

4000 broke

t = .12 inches.

1 = 60 inches.

b = 33 inches . \ fa = 58940.

h = .964 inches.
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11 Gauge No. 12 or 11

Size of sheet, 6'X2'-9"
Weight of sheet, 88 pounds
Do. per square foot, 5. 34 pounds,

Weight Deflection

an in

Pounds. Inches.

90 .06
202 .10

426 .20

650 .30

762 .34
900 .40

1251 .58a

2750 .18

3072 broke b

Description of Sheet and Kemarks.

t = .115 inches.

1 = 60 inches.

b = 33 inches . \ fa
h = .964 inches.

46373.

a, Load removed, plate returned to

the horizontal.

b, Ultimate deflection observed at

3000 was 4' 6".

I.--5"-

12 Gauge No. 9

Size of sheet 6'X 1'-3"

Weight of sheet, 49 pounds
Do. per square foot, 6. 53 pounds

/ST\ /S]7\ /37\

202 .18
426 .36

650 .50

874 .60
1110 .84
1334 1.02
1558 1.40
1850 broke

202 .20
426a .36

650 .52

874 .61

1098 .80

13226 1.02
ult. def.

1660 2.84
1662 broke.

t = . 15 inches.

1 = 60 inches.

b = 15 inches . : fa = 47760.

h = .97 inches.

13 Gauge No. 2

Size of sheet, 6' X l'-3"

Weight of sheet, 47f pounds
Do. per square foot, 6. 36 pounds

^7\ /57\ /53\ /as
\9$/ \3jU V££/

J

t = .15 inches.

1 = 60 inches.

b = 15 inches .'.fa — 43281.

h = .96 inches.

a, Outer edge began to cripple.

b, Load removed and sheet returned
to deflection of .94 only.

Mean value of fa= 46682 from all experiments, or = 46916, omitting No. 10.

It appears from these experiments that

the highest and lowest values oif a are

respectively 58,940 and 41,101; the former
of these extreme values I would reject as

open to suspicion, because of the great
discrepancy between the breaking load of

it, and its sister sheet (No. 11). The

mean value off a from the remaining ex-

periments would be, as nearly as might
be, 46,000, and this may, I think, be
adopted as its true value. Experiments
2, 2a, and 6, 6a, show that the strength
varies inversely as the length, although a
slight of increase of strength appears in

the shorter sheets, which may be accounted
for by the deflection being less. The
breadth does not appear to influence the

constant, so that we may assume the
strength to vary as this dimension. The
depth also of corrugation does not appear
to influence the result other than directly;

that is, however, a point that could only

be examined by having similar sheets

rolled of varying depths of corrugations.

However, Experiments 5, 8, and 9, afford

a comparison as far as it goes. Experi-
ments 6, 7, 12, and 13, show that in nar-

row sheets the position of the side edge,

whether in tension or compression, makes
a difference. This would appear to be a
necessary consequence of the laws of

strength of materials, and it was observ-

able that when the side edges of the plates

were up, as in Experiment 7, the edges
cripped early in the experiment; while
when they were down, as in Experiment
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6, they did not fail till later. All plates

first showed symptoms of failure at the

side edges. None of the plates gave way
suddenly, but each sank slowly when the

breaking weight had been reached. As a

rule, they appeared to fail by the spread-

ing of the corrugations at the middle, and
did not crush at the tops of the ridges;

on the contrary, when the sheet was
allowed to sink till rupture of the material

took place, fracture occurred by tearing

of the furrow commencing from each side

of the central slot, and proceeding towards
the sides of the sheet at right angles to

its length.

It is probable that had the sheet been
prevented from spreading by strips rivet-

ed across it, as recommended by Profes-
sor Rankine, the constant would have in-

creased in value. In bridges the adjoin-

ing sheets would act so as to oppose the

spreading, and this may be looked upon
as an element of strength. The results

of the observations of the deflections seem
to be uniform, but at present no deduc-
tions from them are made. The ultimate

deflections were in a few instances ob-

served as a matter of curiosity, but in

most cases it was not possible to hit off

the very extreme deflections. I find that

the increased value of the constant or
modulus of rupture derived from the pre-

ceding series of experiments will so con-
siderably modify the conclusions of my
former communication that it is desirable

that I shoidd revise some of my previous
calculations, and I therefore venture to

go over some of the ground again, con-
necting and enlargening some of the de-

ductions I have already made.

kemakks by prof. w. j. macquorn rankine.

1. Reference to Mr. Hart's Researches.
—A valuable series of experiments by
Mr. Hart, on the transverse strength and
stiffness of corrugated iron, have been
published in the " Bombay Builder " for

August, 1868, and reprinted in " The
Engineer " of the 10th October, 1866,

page 298. Mr. Hart shows that the re-

sults of those experiments agree very
fairly with a formula proposed by me a
few years ago* for the breaking moment
of a sheet of corrugated iron, viz :

4 lo a:

* " Manual of Civil Engineering," page 543.

in which I denotes the span ; W, the

breaking load hung at the middle of the

span ; b, the breadth of the sheet, and t,

its thickness ; h the depth of the corruga-

tions from ridge to furrow ; and f the

coefficient or modulus of rupture. Values
of that coefficient are calculated by Mr.
Hart from his experiments by means of

the following formula

is wr
16 hbVf= (2)

and they are found to range from 41,100
pounds to 58,940 pound on the square
inch ; the mean value being about 46,000
pounds on the square inch. There can be
no doubt then that the formula of Equa-
tion 1 may be safely used in practice to

calculate the probable breaking load of

sheets of corrugated iron of given dimen-
sions ; and that, in the absence of special

experiments on the strength of the par-

ticular material that is used, the smallest

of the values deduced from Mr. Hart's

experiments, viz., 41,100 pounds on the

square inch, may be taken as the modulus
of rupture in the calculation.

2. Objects of this Communication.—The
objects of the present communication are

to explain the theoretical reasoning on
which the formula of Equation 1 is found-
ed, and the extent to which it is approx-
imative ; to determine, by the aid of Mr.
Hart's experiments on breaking loads,

values of the modulus of rupture accord-

ing to a rule which gives a closer approx-
imation ; and to deduce, from his experi-

ments on deflection, values of the modu-
lus of elasticity of corrugated iron.

3. Assumption of a Cycloidal Cross Sec-

tion.—The first step towards finding for-

mulae for the transverse stiffness and
strength of a given piece of material, is to

determine the geometrical moment of

inertia of the transverse section relatively

to a horizontal axis passing through its

centre. In a sheet of corrugated iron,

the transverse section is a narrow band
of uniform width equal to the thickness

of the sheet, and of a wavy figure, com-
posed of a series of curved arcs, alter-

nately above and below the horizontal

axis of the section. These curved arcs

usually approximate nearly in shape to

arcs of circles ; and no material error in

practice is occasioned by assuming for



VAN NOSTEAND'S ENGINEERING MAGAZINE. 135

their figure any curve which does not
greatly differ from a circular arc. A
cycloidal arc is such a curve ; and it has
geometrical properties which cause the

calculation of its moment of inertia to

be a very simple process ; therefore the

figure of cross section of each of the ridges

and furrows of the sheet of iron will

be assumed to be a cycloidal arc, such as

E A F in the figure ; where CAD repre-

sents a complete cycloid, traced by a
point in the circle A B, which rolls on the

»^J.\

r/ ..

>

1
f

c K y
iD

B

straight base line C D ; and the chord
E F, parallel to C D, is drawn in such a
position as to cut off an arc E A F, in
which the depth AK bears to the breadth
E F the same proportion as in the corru-
gations of the iron. That is to say, let a
be the width of one corrugation, measured
from ridge to ridge, and h (as before) the
depth from ridge to furrow ; then the
chord and the depth of the cycloidal arc
are respectively,

EF and A K =-

4. Geometrical Moment op Inertia.—
One of the geometrical properties of the
cycloid is as follows: The perpendicular
distance H G, of any point H in the arc,

from a chordE F parallel to the base line,

varies proportionally to the product H E
X H F of the two parts into which the
arc E A F subtended by the chord is

divided by the point H. To express this

in algebraical symbols, let the arc A E =
A F = c ; the arc A H = s, the greatest

ordinate A K =A( as before) ; and the or-

dinate HG = i/; then we have

(c'+sl <c—s) 1M\
Let d s denote an indefinitely short or
elementary arc, situated close to the point
h. Then the geometrical moment of in-

ertia of d s relatively to the axis E F is

y
2 d s; and that of the arc A E is ex-

pressed by the following integral:

/>' d s= -p, {-?}'
2h 2 c

.

''

15 '

which, being divided by the length c of

that arc, gives, for the square of its radius

of gyration,
2h 2

15
'

To find the geometrical moment of inertia

of the cross section of a sheet of corru-
gated iron, the area of that section is to be
multiplied by the preceding expression
for the square of the radius of gyration

:

that is to say, let A be that area, and I the
moment of inertia; then

1 = 2h 2 A
15 (3)

5. Formula for Strength and Stiff-

ness.—The following are the well-known
general formulae for the modulus of rup-
ture f and modulus of elasticity or stiff-

ness E, of a beam of uniform cross section

loaded in the middle

:

J 21
5J; E = WO*

l8I~u

in which W is the breaking load; W any
load not exceeding the limits within which
the deflection increases in the simple ratio

of the load; and v the deflection with the
load W ' . When the value of I given by
Equation 3 is substituted in these formulae,

they become respectively as follows:

/= 15 WZ

E==

16hA

5W I
3

32 h 2 Av'

(4)

(5)

6. Determination of Sectional Area—
Use of a Virtual Thickness.—A rough
approximation to the sectional area of a
sheet of corrugated iron may be obtain-

ed by simply multiplying together the

breadth and thickness; that is, making

A = bi (6)

This is the approximation used in

Equations 1 and 2. It always gives too

small a value of the area; and hence, in

using it to calculate the probable break-

ing load of a sheet of corrugated iron

with a coefficient taken from experiments

on iron in other forms, the errors to

which it leads are always on the safe side

;

and this was the reason which induced
me to adopt it in the book already re-



136 VAN NOSTBAXD'S ENGINEERING MAGAZINE.

ferred to. It is obvious, on the other

hand, that in calculating the modulus
of rupture from experiment by means
of the same approximation, the value

obtained is greater than the actual

stress on the material just in the same
proportion in which the exact sectional

area is greater than the approximate sec-

tional area.

The length of the cycloidal arc E A=c
in the figure is given with an error in de-

fect which in no case exceeds ^^ part,

by the approximate formula:

a /, j_8h*\
,c =

T(1+ 3^j
ne&rly ;

from which it appears, that a second
approximation to the sectional area of

the sheet is given by the following for-

mula:

(>+£) ht
(7)

Considering, however, how much more
precisely the operation of weighing can
be performed on a thin sheet of metal
than that of measuring its thickness, it is

obvious that by far the most accurate way
of determining the sectional area of the
sheet is to calculate it from the weight of

a given horizontal area; and such, accord-
ingly, is the method employed in a new
reduction of the results of Mr. Hart's ex-

periments. Mr. Hart gives, in each case,

the weight in pounds per square foot of

the sheet of corrugated iron experimented
upon. That weight, in the following cal-

culations, is divided by 40 (being the
Aveight in pounds of a plate of iron a foot

square and an inch thick), to give what
may be called the virtual thickness of the
corrugated iron; that is, the thickness of

a flat sheet of iron of the heaviness of

480 pounds to the cubic foot, and of the
same horizontal area and weight with the
corrugated sheet. The product of the
breadth and virtual thickness gives the
sectional area: that is,

A = 6*' (8)

greater density than 480 pounds to the

cubic foot. It is clear, nevertheless, that

Equation 8 is the preferable formula; for

in calculating the modulus of rupture
and the modulus of stiffness, it eliminates

the effect of such compression of the

iron.

7. Method of Calculating the Modu-
lus of Ruptuke.—In calculating corrected

values of the modulus of rupture, the

method followed has been to multiply

each of the values given by Mr. Hart by

the ratio (-^7 in which the measured

thickness used in his calculations, is less

than the virtual thickness used in mine.
The results are given in the annexed
table (A). They are computed to three

places of figures only, as it would
be useless to attempt greater precision.

The difference between the extreme values

is less, as compared with the mean value,

than in the case of the values deduced
by Equation 2 from the measured thick-

nesses, as the following statement
shows :

Values in pounds on the square inch

deduced from

Measured thicknesses. Virtual thicknesses.

Greatest (No. 10) 58,940. .. .(No. 10) 45.300
Least (No. 3a) ... .41,101. ... (No. 9).. 34,200

Difference 17,839 11,100

Mean 46,682. .39,100

in which t' denotes the virtual thickness.

It may be remarked that the value of

A, as given by Equation 8, is found in

most, though not in all, of Mr. Hart's ex-

periments to be somewhat greater than
that given by Equation 7. It is probable
that this may be caused by the iron being
compressed in the process of rolling to a

8. Method of Calculating the Modu-
lus of Stiffness.—The values of the mo-
dulus of stiffness are calculated by means
of Equations 5 and 8, from data selected

from those parts of Mr. Hart's record of

experiments in which the deflection in-

creased in the simple ratio of the load, or
nearly so. The results are given in the
annexed table (B). They are computed
to four places of figures only. The dif-

ference between the greatest and least

values is, as compared with the mean
value, a little less than the corresponding
difference for the modulus of rupture, as

the following statement shows :

Pounds on the square inch.

Greatest value (No. 2) 23,290,000
Least value (No. 11) 17,760,000

Difference 5.530,000

Mean value. 20,420,000
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Table (A) of Values of the Modulus of Rupture of

Corrugated Iron, as Deducedfrom Mr. Hart's Ex-

periments, iclth Virtual Thicknesses, Calculated

from the Weights per Square Foot.

©c
K .Jo a
V. o
°.a
o
55

Modulus

as

cal-

culated

from

measured

thickness.

M
3

•53 w
4) 0?
i- a
3
si

o

J"
>

Corrected

modu-

lus

as

calculated from

virtual

thickness.

Pounds on Pounds on
the square

inch. inch. inch.

the square
inch.

1 46,567 .029 .039 34,600

2 45,628 .035 .046 34.700

2a 50,900 .035 .046 38,700

3 41,663 .060 .069 36,250

3a 41,101 .060 .069 35,800
4 43,528 .060 .069 37,900

6 49,770 .100 .121 41,100

6o 52,376 .100 .121 43,300

66 52,375 .100 .121 43,300

7 46,124 .100 .118 39,100

8 43,099 .095 .113 36.400

9 41,959 .095 .116 34,200
10 58,940 .100 .130 45,300
11 46,373 .115 .133 40,000
12 47.760 .150 .163 43,900
13 43,281 .150 .159 40,800

Mean from 16 experiments in

pounds on the square inch 39,100

Mean in kilogrammes as the

square metre 27,500,000

Mean in lineal feet of iron,

weighing 480 pounds to the

cubic foot 11,730

Mean in lineal metres of iron,

weighing 7,690 kilogrammes
to the cubic metre 3,575

Table (B) of the Values of Modulus of Stiffness of
Corrugated B'on as Deduced from Mr. Hart's Ex-
periments, with Virtual Thicknesses Calculated

from the Weights per Square Foot.

Number Modulus of stiffness

of ex- Load Deflection in pounds
periment. pound. inch. on the square inch.

1 262 1.00 18,710,000
2 314 0.64 23,290.000
4 384 0.34 20.830,000
6 599 0.46 20.830.000
7 600 0.46 22.280,000
8 258 1.36 19,760,000
9 314 1.26 19.170,000
10 1.332 0.44 21.350.000
11 1,251 0.58 17,760,000
12 1,334 1.02 19.540,000
13 1,098 0.80 21,080,000

Mean from 11 experiments
in pounds on the square
inch 20,420,000

Mean in kilogrammes on
the square metre .....". 14,360,000,000

Mean in lineal feet of iron
weighing 480 pounds to

the cubic foot 6,126,000

Mean in lineal metres of

iron, weighing 7,690 kilo-

grammes to the cubic

metre 1,867,000

9. Rules.—The following are the rules

for practical purposes to which the re-

sults deduced from Mr. Hart's experi-

ments in this communication lead:

I. Let b be the breadth of a sheet of

corrugated iron, h the depth of the corru-

gations from ridge to furrow, and w the
weight of an unit of the area of the sheet,

as projected on a plane : to find the least

probable breaking moment, M.
Calculate a virtual thickness, t

'

, by the
formula t

/=w-~k; where k has the follow-

ing values:

For w in pounds to the square foot, and
t ' in fractions of an inch ; k= 40.

For w in kilogrammes to the square
metre, and t' in fractions of a metre;
Jc= 7,690.

Then

M = jg/A6*'. (9)

Least value off;
For forces in pounds, dimen-

sions in inches, and mo-
ments in inch-pounds. . 34,200

For forces in kilogrammes and
dimensions in metres. . 24,000,000

II. Given, the intended least breaking
moment M, the breadth b, and the depth
of corrugation h, of a sheet of corrugated
iron; to find the proper weight w of an
unit of area;

Tfhb- • ' (10)ht'=

Values of the factor
15fc

17'

For w in pounds to the square foot, load
in pounds, and dimensions in inches;

J_
228

.00358

For forces in kilogrammes and dimen-
sions in metres;

832
= .0012.
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III. To find the probable deflection (Uj),

under half the breaking load, of a given

sheet of corrugated iron; I being the

span.

n" f l2

Vl -m/ ' 2E * 4h
;

' ' • (
n

)

In which

f 1 n"
/= = .00096 = -^ ; and~
2 E 1040 m/

has the following values:

Sheet loaded in middle of span—-

;

o

Sheet uniformly loaded, -q.

The following later contribution to the

"Bombay Builder" apparently concludes

Mr. Hart's valuable paper on this subject:

Buckled plates—the invention and pat-

ent of B. Mallet, Esq., M. I. C. E.—are
also an admirable substitute for wooden
planking in the platforms of bridges, and
have been extensively used in both Eng-
land and India, the most notable instances

being the Westminster and Soan bridges.

They are square or rectangular plates

domed in the centre, with a flat margin
or " fillet" all round.
The versed sine or central rise is small,

being about one twenty-fourth the greatest

length of side. The fillet is from 2 inches to

6 inches wide, according to size of plate, etc.

The material may be either iron or steel,

and is protected from corrosion by a coat-

ing of some preservative composition, that

recommended by the inventor being well-

boiled coal-tar mixed with powdered
caustic lime. In this the iron heated to

black red (700° Fah. ) is to be quenched.
Steel plates will be half the weight of iron

ones. Buckled plates possess certain ad-

vantages over corrugated sheets; for in-

stance, they produce greater lateral stiff-

ness in the platforms, and are said to be
less perishable, owing to the fibre of the

iron being less injured by the process of

manufacture. They are lighter, and, of

course, ought to be cheaper, because less

material is used in an equal horizontal

area of plate, the loss of plane surface in

buckled plates being about one-seventieth
of the original plate, while in corrugated
sheets the loss is between one-fifth and
one-fourth. On the other hand, to ob-
tain full advantage of the strength of

buckled plates, they must be supported
all round. This leads to considerable ex-

pense in the arrangement of the girders
and joists, and, except in iron structures,

the requisite conditions cannot be readily
obtained. Mr. Mallet states that the re-

sistance of square buckled plates is direct-

ly as the thickness, and inversely as the
clear bearing. That the resistance of a
rectangular plate is nearly the same as
that of a square plate whose side is equal
the longer dimension of the oblong one,
and that the longer edge should not be
more than double the shorter. Also, that
a plate fastened firmly on all its sides has
double the strength of a plate merely
supported all round; and if two opposite
sides are wholly unsupported, its resist-

ance is reduced as 8 to 5. In Rankine's
" Civil Engineering," Section IV., Article

375, Division III., is the following formula
for the resistance of a buckled plate.*

M = -&f>lht •(20)

which is nearly the same as that given
for corrugated iron. In this formula

/a= 21,600, I is the length of that section
of plate at which the greatest bending
moment is exerted; t, the thickness of the
iron; h, the depth of curvature at the
centre. If we suppose the plate to be
supported at the ends only, the bending

Wlmoment of the distributed loads is=

8
hence the equation for the dimensions of

the plate is

Jll=57miht
8

... W =46080/^ .... (21)

and if, as before, we take tos= 200, and
since, as explained at equation 14, W =
W s L B, therefore

t--

200 LB LB
46080 h 230. 4 h

If the factor of safety be 4, we have

LB
t

57.Gh

and if

then

^24= T'

«=
go= . 03473 B

(22)

(23)

(24)

* It is, t think, doubtful whether this formula will apply-
equally well for plates supported and fixed ; but I have as-
sumed that such is the case, basin? my assumption on the
treatment of the analogous case of beams flxsd at both ends
by the author himself.
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For the square plates B= L, and the cor-

responding thicknesses of plates are as

follows :

—

Nearest

responding

gauge

L= 2, 21, 3, 31, 3, 41, 5, 51, 6;

t = .069, .087, .104, .122, .139, .156, .174, .191, .208;

16, 14, 12, 11,

The cost of buckled plates, compared
with corrugated sheets, may be obtained

thus

:

Let the gauge be assumed to be 12 deg.

to 14 deg. ; therefore, the weights per 100
square feet will be for 14 gauge=
{3.12+'^) 100= 316. 8 pounds =.14 tons;

12 gauge=

(4.38 -f^8

J
100= 444.3 pounds= .2 tons.

The cost per ton is £13 in England,

plus £7 for freight and carriage to 100
miles from the coast, equal, say, Us. 200;
therefore, the cost of buckled plates would
be from Rs. 28 to Rs. 40 per 100 square
feet, or about one-fourth less than that of

corrugated iron.

The relative cost of the three sorts of

covering for platforms of road bridges
may be summarized as follows :—Timber
planks, Rs. 50 to Rs. 80 per 100 square
feet ; corrugated iron sheets, Rs. 40 to

Rs. 50 per 100 square feet ; iron buckled
plates, Rs. 30 to Rs. 40 per 100 square
feet, to each of which rates must be added
the expense of fixing the material, such
as spikes and carpenters' labor for the
planking; rivets, bolts, and screws, with
smiths' labor, for the iron.

The following table and information is

extracted from a circular, by Mr. Mallet,
" On Buckled Plates

"

Table of Strength, Weight, and Cost.

Thickness of

o
o
u
C3

Is

So m
-

a m

a o a

oo bo

5 =3
a

13 3 t

2 -~ a>

§ 3 §3 =
a ^w
^ P. CD

.fe£w

o S3

•c p. P

o a
t-
°

,0 <D

Plates.

ffl s

<— Z. o
C to

O O O

l-fl

Safe

impuls

formly

diffa

yard,

for

plates.

fV§M

t.^ a

" a
SJsS
8

11
Notes, etc.

in. B. W. G. lbs. lbs. tons. tons. s. d.

.048 18 17.3 20.7 0.27 0.20 2 2 129
)

.066 Hi 23.6 28.3 0.43 0.32 2 10 95 > Applicable to roofing and flooring.

.107 12 28.7 46.4 0.64 0.48 4 7 57
J

i Nearly 11 45.0 54.0 1.0 0.75 5 3 49 1 For lighter class of bridge and
j other floors._3, Nearly -

Nearly .

Nearly ..

67.5 81.0 2.5 1.7 7 11 33
JL 90.0 108.8 4.5 3.0 10 6 21 [For heavier floors of railway and

j other bridges and viaducts..£, 112.5 135.0 6.2 4.7 13 2 20

a
8 135.0 162.0 9.0 6.8 15 8 16

1 Not as yet been found necessary

j in any structure.

" The size of buckled plates formed of

one single rolled plate is only limited by
the breadth to which sheet or plate iron

can be rolled at market prices.
" The sizes that have been found most

advantageous for the majority of purposes
are plates of 3 feet and 4 feet square, or
of those widths by the full length of the
plate.

" Buckled plates may be united to each
other, or to the frame of the structure
they cover, by either lap or butt joints,

and either by screw bolts, rivets, or wood
screws to timber, and the joints made ab-

solutely water-tight, when required, by

riveting and chinking up, or by interposed

strips of tape or of felt saturated in oil

cement, or in tar or pitch ; or by strips

of vulcanized india-rubber; or a thin layer

of oil-putty.
" Economy is always consulted by sup-

porting each plate all round. One pair

of opposite fillets, resting on the girders

or joists, and the other pair supported
by an angle iron above, thus forming a

lap plate.
" Three-feet square buckled plates are

made of all the thicknesses of the above
table, and 4 feet square plates of all the

thicknesses except the first two, as also
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any intermediate thicknesses at ordinary

rates; others at extra rates. All buckled
phites are charged by weight. The mak-
er's price includes royalty.

"Prices are regulated by the 'declared

rates' of the Staffordshire iron market."

THE MANUFACTURE OF PIG IEON.

BLAST FURNACE IMPROVEMENT TREATMENT
OF ORES.

Utilization of Waste Gases.—Mr. Chas.
Cochrane's paper on this subject, before

the Mechanical Engineers' Association,

states that with the increased capacity of

the present large blast furnaces in the
Cleveland district, the waste gas is so far

impoverished, both in quantity and qual-

ity, that, in order to maintain a uniform
supply of gas for the steam boilers and
hot-blast stoves, it is of importance to

utilize the whole of the gas given off from
the furnace, by preventing the loss of

gas hitherto occurring at the times of

lowering the closing cone or bell for

charging the materials at the top of

the furnace. This loss amounts to fully

6 per cent, of the total quantity of gas
evolved from the furnace; and the escape
of the gas at the furnace mouth occasions
an interruption in the supply for heating
purposes, and a liability to explosion on
restoring the supply at the boilers and
stoves.

These objections have been obviated by
the writer by a plan of doubly closing the
furnace top, the ordinary closing bell and
hopper being completely closed in by the
addition of outer cover, containing flap

doors, through which the charging mate-
rials are filled into the hopper. These
doors are closed at the time of lowering
the bell for dropping the charge into the
furnace, so that the only escape of gas
that can take place is a quantity equal to

the capacity of the hopper at each time
of lowering the bell, which is insignificant

in amount. The plan has been in success-

ful operation for 9 months at the
Ormesby Iron Works, Middlesborough.
The saving of fuel in the ovens and
boilers by having a continuous flow of

gas, Mr. Cochrane estimated as about
9 tons a week per furnace, which, in
the year round, represented a total sav-

ing of £150 to £160. The cost of the
apparatus was £200.

Increased Size of Furnaces.—The
second portion of Mr. Cochrane's paper
had reference to the increased capacity

of a furnace lately erected by him at the

same works. The original furnace was
35 feet high and 16 feet diameter in the

boshes, of a total capacity of about 7,000
cubic feet ; it worked, to a yield of rather
over 30 cwt. of coke per ton of iron pro-

duced. The newly-erected furnace is

76 feet high and 23 feet diameter in the

boshes, and of a total capacity of 20,624
cubic feet. It works to a yield of about
26 cwt. of coke per ton of iron produced,
thus showing a saving of between 4 cwt.

and 5 cwt. of coke per ton of iron. The
Cleveland ironstone produces about 40
per cent, of iron. The author gave some
interesting and detailed calculations,

showing that the theoretical saving to be
obtained by increasing the capacity of a
furnace and thus making the materials in

the upper portion act as a regenerator to

take up the caloric from the incandescent
materials below, was fully borne out in

practical working. Following the line of

these calculations, he estimated that a

furnace, with 60,000 cubic feet of capacity

and 113 feet high, should reduce the con-

sumption of fuel to something like 1\ cwt.

per ton of iron produced. The extreme
theoretical limit of economy, when the

escaping gas would be reduced to the

temperature of the external atmosphere,
would be reached by increasing the capa-

city of the furnace to about three times
that of the present large furnaces in the

Cleveland districts.

In the discussion of the paper it

appeared that one of the Ferry Hill

Furnaces, Durham, was working with 16

cwt. of coke per ton. This was partly

due to the height, 105 feet (25 to 26 feet

boshes), and partly to the excellent hot
blast stove used; the ore yield 57 per
cent, against 40 per cent, in the Cleveland
district. As to high furnaces, Professor

Tunner states in a report on the Paris

Exposition, that the results can only be
considered important locally; such hard
coke and such coarse aggregates of iron-

stones as are worked in the Cleveland
district are not to be found again soon,

nor everywhere. Whether or not the

American anthracite coal will sustain

such a burden, has not been determined;
many authorities think it will. It is of

the utmost importance to the Bessemer
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manufacture, at least, that the experiment

be tried.

The Hot Blast.—An acknowledged
progress has been made, says Professor

Tunner, and is still becoming extended in

application, in the heating of the blast to

the highest possible degree. Even the

coke-consuming furnaces, which are sup-

plied with a cast-iron blast-heating ap-

paratus, blow with air heated to 300° or

360° C. ; but the blast-heating apparatus

constructed upon the principle of Siemens'

regenerator, of which there is also one

in use at Friedrich Wilhelmshutte, near

Siegburg in "Westphalia, affords a still

higher temperature, and would be more
generally employed if its maintenance
had not been found, so far, subject to so

many interruptions and repairs, arising

mainly from the interior lodgments of

dust upon the brick heaters. With the

high temperature of the blast is not only

connected an enlargement of the furnace

at the bottom, but at the same time a

narrowing of the furnace mouth, and
also with the complete disappearance of

the boshes, whence has been attained the

further advantage of a regular descent of

the charge in work. The English and
Scotch furnaces are distinguished in that

way before all others.

G-OKMANs' Gtas Fuknace.—Experiments
in progress at the Gartsherrie Works are

thus described : The furnace has two side

channels or pockets extending vertically

from the level of the tuyeres up to the

charging platform, and forming special

shafts or compartments for charging the

coal into, while the ore, either all by
itself, or mixed with an additional charge
of coal, is brought into the blast furnace in

the usual way; the furnace proper being
open at the top. It is the intention to keep
the coal separate from the ironstone until

the former has been converted into coke,

and the latter has arrived close above the

tuyeres. At that place the side pockets

which contain the charge of fuel open
into the main stack of the furnace, and
there the mixture between coke and ore

takes place. The coal chambers are closed

at the top, and the gas from the coal can
be utilized as fuel or led into the main
stack of the furnace for affecting the
reduction of ore. In this manner it is

expected that the ironstone will be re-

duced by the action of the ascending
current of gas alone, and arrive at the

openings of the side pockets in the state

of spongy iron, or reduced metallic iron,

which requires nothing but carburization

for melting and running down into the
hearth. The short space over the tuyeres
should then act as a cupola for melting
the spongy iron by means of the coke
brought down into that space from the
side pockets of the furnace.

"Engineering" says of this scheme :

—

The problem of separating the solid coal

from the charge, and of reducing the
ironstone by the action of gases alone,

has never been brought to a satisfactory

solution, however often and carefully

experimented with. In the blast furnace
itself the ore is in direct contact with
solid carbon. In the higher zones of the
furnace, where reduction takes place, an
atmosphere of carbonic acid and of oxide
of carbon exists at a temperature scarcely

exceeding red heat, but the presence of

coal and of oxygen from the iron ore
seem to keep that atmosphere in a state

of continuous charge between the higher
and lower oxide of carbon. All particles

of carbonic acid when in contact with
coal become reduced to carbonic oxide,

and the carbonic oxide in contact with
the ore become carbonic acid again.

This state of mobility or virtual mo-
tion of atoms seems to be requisite for

the work of reduction, and it appears
that an atmosphere of carbonic oxide
alone is not capable of effecting the re-

duction of ironstone at that low tem-
perature. It is clear, indeed, that the
temperature maintained in the zone
lowreduction is due to the presence of

the solid carbon, since the process of

converting carbonic acid into carbonic
oxide by bringing it into combination
with another atom of carbon is a cooling

process absorbing fully one-third of the
total heat which that carbon would evolve

when completely burned in the open air.

If we attempt, therefore, to effect the re-

duction of iron ores by a stream of car-

bonic oxide gas alone, we lose this cooling

agency, we effect the combustion of the

carbonic oxide gas at the expenses of the

oxygen from the ore, and we thereby
raise the temperature of the zone. The
ore under these circumstances will be-
come heated more and more until it will

commence to melt without reduction.

The furnace if kept hot enough at the
tuyeres will then produce nothing but
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liquid oxides, silicates, etc., in the form
of slug, which is simply the ore melted
but not reduced. To obtain such a re-

sult, however, a great supply of heat from
an exterior source is necessary, since

there are zones below that zone of re-

duction just referred to, which require

heat in order to keep the molten iron-

stone liquid at the time when it no longer
gives off oxygen to the gas in contact
with it.

In a common blast furnace where no
such special source of heat is available,

the probable result of a separation of the

coal from the ore, would be to set the

whole furnace fast in a few minutes. If,

on the other hand, a regenerative gas
furnace, or an air-furnace fired externally,

is employed for that purpose, and con-
nected with a stack or hopper for reduc-
ing the ore by ascending gas, a con-
tinuous and very profuse supply of

liquid slag can be relied on, as the re-

sult of this mode of reducing iron ores

by an atmosphere or current of carbonic
oxide gas.

Carbonizing Ores.—A considerable eco-

nomy in the reduction of iron ores is

obtained at the Almond Ironworks, in

England, by previously carbonizing or
coking the ores, instead of merely calcin-

ing them. The process—Aitkens'—is

largely illustrated in the " Practical Me-
chanics' Journal " of October last. It

is stated that the carbon in the ores is

retained, to serve for fuel in their reduc-
tion. Almost any apparatus suitable for

coking coal may be employed.
Purification of Ores.—On this subject

" Engineering " says : The rationale of

the process of washing iron ores after

calcination is the following :—An iron

ore contaminated with pyrites, when
submitted to calcination, under the free

access and influence of the air, takes up
a certain quantity of oxygen, and by that

process the pyrites and other similar

combinations of sulphur and iron become
converted into sulphates of iron, which
are soluble in water. If then the ore is

washed with a large quantity of water
and for a considerable length of time, all

those soluble salts, and with them the
component sulphur, will be removed. The
purification from sulphur is most effec-

tively attained by washing at the Kladno
Ironworks, in Bohemia, where forge iron
for puddling is the staple article, and at

the Ironworks of Maria Zell, in Styria,

producing foundry and Bessemer pig

iron.

A new method of purifying iron ores

now under experiment was patented by
Mr. Thomas Rowan, of Glasgow, and
consists in calcination and subsequent
washing, only the calcination in this in-

stance is not a mere oxidizing process as

now practised, but the ore is mixed with
chorides, such as common salt or chloride

of manganese, and calcined in contact

with these substances, the effect being
to convert many of the substances con-

tained in the ore into chlorides. The idea

of removing phosphorus from iron by
the action of chlorine was originated by
Dr. Crace Calvert, of Manchester, more
than twenty years ago, but it appears that

Dr. Calvert expected a gaseous combina-
tion of phosphorus and chlorine to be
formed and passed off as a vapour either

from the blast furnace or calcining kiln.

Mr. Rowan's researches seem to show
that none of the volatile combinations of

chlorine and phosphorus are formed dur-
ing such a calcination, but that a com-
bination is formed which is soluble in

water, and can be extracted from the ore

by washing after the calcination is com-
pleted. The effect of washing the ore
after this chloridizing calcination is the

removal of the sulphate of soda and of

the clorides of phosphorus formed in that

process.

It has been proposed, at one of the

great ironworks in the Cleveland district,

to effect this calcination by charging the

ironstone mixed with salt into the calcin-

ing kilns now in use, but this is not a
suitable mode of working on a large scale.

The time for calcination, and particularly

that for washing, should be ample, and
much greater than can be allowed in the
calcining kiln. The calcination should be
carried on close to the mines in very large

heaps covered at the top and connected
at the bottom with flues which lead into a
chimney. The salt mixed with the ore,

or, still better, dissolved in water and sent

into the calcining heap in the form of

small jets or streams of brine, would act

upon the mass for any desirable length of

time. The whole calcining heap should,

after being burnt out, be immersed with
water, or be percolated by a large stream
or body of water for several weeks. After
this the ore may be sent to the smelting
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works, and the calcining kilns there will

play the part of evaporators only. They
will dry the ore and heat it to some ex-

tent previous to its being charged into

the blast furnace.

SETTING OUT RAILWAY CURVES.

AN EASY CURVE FOR CONNECTING RAILWAY

TANGENTS, WITH TABLES ADAPTED TO SET-

TING-OUT BY THEODOLITE.

By W. Airy, from " The Engineer."

It will, no doubt, be admitted by all

who have had experience in the perma-
nent setting-out of railways, that there is

no method so rapid or accurate of setting-

out curves as by theodolite. For prelimi-

nary work, indeed, it is possible to use
other methods—the off-set method, for

instance—with great success ; but when
a railway is formed, and the question is

one of laying the rails to true curve, the

theodolite method is the only reliable plan
in practice. When, therefore, the writer

of the present paper took the subject in

hand, he made it a first consideration that

no curve should be adopted which had
not the property of being readily set out
by theodolite; and the character of the
curve and the form of the tables have all

been suited to the above condition.

With regard to the necessity for such a
curve, the writer takes that for granted.

It is notorious that sharp curves are sys-

tematically " eased off' at the springing,

in order to lessen the lateral shock to a
train coming upon them off a piece of

straight, but this very remedy may easily

prove harmful, except the " easing off' is

carried a long way up the curve, for it is

clear that a curve cannot be flattened at

one point without being rendered sharper
at some other point ; and if, as mostly
happens, the curve is flattened at the
springing without a careful adjustment of

the curve for a long distance up, then a
dangerous kink is left in the curve; and
the writer has seen engines run off the
line for this very reason. Various attempts
have been made to ease off curves on a
system; the curve of sines and the curve
of adjustment have both been applied to

the purpose; but neither of these curves
is adapted to setting-out by theodolite,

and the inconvenience of setting-out curves
with poles on a railway nearly finished

—

and it is at that time that it has to be

done—when the work is going on, and
the way is much blocked with materials
of all sorts, is almost intolerable, and ren-
ders any method of this kind quite im-
practicable.

The curve which is adopted in the pres-
ent paper, together with the tables, was
communicated to the writer by the Astron-
omer Royal; for the application of the
curve nothing is assumed beyond the ordi-

nary data, viz., two straight lines and the
angle they include ; the appended tables

will then give all the elements required
for laying down the curve on the ground,
and for computing its length, etc., as may
be necessary.

The curve is the cubical parabola whose
equation is

a 2

The chief advantage of this curve is that
it hugs the tangent very closely for a long
distance after leaving it, and thus the
change of curvature is at first very grad-
ual—which is the object in view. It has
also the advantage of being the simplest
curve of its class, and, by reason of the
high powers involved in the expansions
which occur when dealing with the prop-
perties of the curve, very close approxi-
mations are arrived at in very few terms
of the series.

The denominator a 2
, in the equation

above given, as an arbitrary constant; and
its value assumed for the formation of the
present tables, a2 — 400, has been chosen
from the following considerations. Among
the properties of the curve, it will be found
that the radius of curvature decreases
from infinity at the commencement of the
curve, till it attains a minimum value at a
point for which,

-^-
V45

Now, it is assumed that in setting-out

railway curves, the ordinary unit of

measurement will be the chain, and that,

in general, the minimum radius of curva-

ture allowed will be 10 or 11 chains; these,

then, have been selected as conditions
proper for determining the form of the
curve, and the value of a 2

, which has been
adopted, will be found to produce a mini-
mum radius of curvature = 1 1.3. It must,
however, be observed that the foregoing
assumptions merely fix the general shape
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of the curve, and do not in any way re-

strict the use of the curve to the precise

conditions which were assumed in order

to determine a suitable value for the con-

stant; it will be at the option of the engi-

neer to fix the minimum radius of curva-

ture which he will admit, and the tables

can then be used at once to set out the

curve, so as to have that minimum radius

of curvature, with this provision, that if

the minimum radius of curvature which
he adopts be other than 11.3 chains, he
must work with a different length than

the chain as unit. The method of fixing

the unit and applying the tables will be

seen in the examples below.

The tables are adapted to the method
ordinarily pursued in setting-out circular

curves; the successive unit lengths are

chained along the curve, and the angles

set off from the tangent by means of the

theodolite. In ranging the curve, since

the minimum radius of curvature is reached
at a certain definite distance, in terms of

the unit, from the tangent point, it may
happen that this distance is less than
half the length of the curve ; in this case

the curve is supposed continued with a

circular curve of the said minimum ra-

dius until the half curve is completed, and
the other half of the curve is ranged in

the same manner from the other tangent
point. There is no calculation involved

in the above arrangement, but the ne-

cessary angles are taken out of the

tables continuously and without inter-

ruption.

It may be well to describe the process
to be followed in a given case. The first

thing is to determine what shall be the

sharpest curvature allowed, as this will fix

the unit of measurement; the next thing
will be with the known angular change
of direction (this will be the same as the

exterior angle between the tangents), to

take out of Table I. the distance of the

ends of the curve from the intersection of

the tangents, in units of the length al-

ready determined ; and thirdly, the theo-

dolite must be planted at one of these

points, and the half-curve ranged in

successive unit lengths by the angles
given in Table II. ; the same must be
done for the other point, and the curve
is ranged.

Thus, for example, let the angular
change of direction be 50 deg. and let

it be determined to fix 15 chains as the

minimum radius of curvature. From
Table I. it appears that from an angle of

50 deg. the length of the semi-curve is

8.052. Also from Table II., it appears that

at a distance along the curve of 8.0, the ra-

dius of curvature is 11.4. If, therefore, it be
intended that this minimum radius of cur-

vature shall represent 15 chains, the unit

15
of length must be taken at——-=1.31

11.4

chains; in other words, the unit must be

a chain of 131 links.

Referring back to Table I., it appears
that for angle 50 deg., the distance of the

theodolite station from the intersection of

the tangents is 8.4§6, or, using the proper
unit, is 8.456 X 1-31 = 11-08 chains; and
if this distance be measured along both
tangents it will fix the two ends of the

curve.

The theodolite may now be planted at

one of these points, and the half curve
ranged by means of the angles given in

Table EL, using throughout a length of

131 links as the unit. When half the curve

|
is ranged, the theodolite must be shifted

to the other end of the curve for ranging
the other half.

In the above example it has been ne-

cessary to make use of a unit adapted to

the conditions; but should the conditions

be altered, so that the minimum radius

of curvature, as found in the tables, and
due to the angular change of direction,

be not less than 15 chains, then the ordi-

nary chain of 100 links can be used as

unit. Thus, let the angular change of di-

rection be 15 deg., then the tabular semi-
length of the curve is 4.197, and the tabu-
lar radius of curvature due to this semi-
length is nearly 1G; consequently, the
chain of 100 links may be assumed as the
unit without fear of transgressing the
fixed minimum radius of curvature, 15
chains.

With the foregoing explanation we may
proceed at once to the tables :

Let A I, B I, be the two tangent lines

which are to be united by the curve, so
that VIS, the angular change of direc-

tion, is a known angle ; then, for the com-
plete setting-out of the curve, we require
to know the following elements :

1. The equal distances I T, I S, which
define the theodolite stations, T and S.

2. The length of the curve.

3. The theodolite angle P T I, for

successive points defined by the meas-
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ure of successive unit lengths on the

curve.

4. The radius of curvature for several

points along the curve.

To supply these elements the two fol-

lowing tables have been computed :

Table I.

—

Argument: The angular change of direc-

tion; giving the distance of theodolite station from
intersection of tangents, and length of semi-curve.

<-. .

O ° r,^ • fc-t o <« i_ a.on o > tn o a °2 »oii o >
S o °
3 be-ma;
a a £.
o«.a .=

Lislance

theodoli
station

from

int

section
tangent

5^
to?

_rt o

tea £
= <s d
<-35

Distance

theodoli

station

from

int

section

tangent

3 3
to V

>-l a
DO

de?. Chains. Chains. deg. Chains. Chains.
i 1-076 1076 52 8-704 8-250
2 1-525 1-525 53 8-829 8-349
3 1-868 1-868 54 8-955 8-449
4 2-158 2-157 55 9-082 8-548
5 2414 2-413 56 9-211 8-647
6 2-646 2-645 57 9-340 8-746
T 2-860 2-S57 58 9-471 8-846
8 3-058 3-055 59 9-003 8-915
9 3-245 3 241 60 9-737 9 044
10 3-424 3-417 61 9-872 9-143
11 3 594 3-586 62 10-008 9-243
12 3-753 3-748 63 10-146 9-312
13 3-914 3 902 64 10-285 9-441
14 4-066 4-052 65 10 -4;

6

9 540
15 4-214 4-137 66 10-568 9 640
16 4-357 4-337 67 10-712 9-739
17 4-497 4-475 63 10-858 9 838
18 4-C33 4-607 69 11-005 9-937
19 4 767 4-736 70 11154 10-037
20 4S99 4-861 71 11-305 10-136
21 5-028 4-983 72 11-438 10 235
22 5-155 5-110 73 11-612 10-334
23 5 230 5-229 74 11-769 10-434
24 5-403 5-317 75 11-923 10-533
25 5-596 5-463 76 12.089 10 632
26 5-647 5-577 77 12252 10-731
27 5-766 5-689 78 12-418 10-831
28 5 885 5-801 79 12-586 10-930
29 6-003 5911 80 12-756 ll-0?9
30 6-120 6-019 81 12-9.9 11-128
31 6-237 6-127 82 13-104 11-228
32 6-353 6-233 83 13-T-82 11-327
33 6-468 63C9 84 13-463 11-426
34 6-584 6-444 85 13-647 11 525
35 6-699 6-547 86 13-833 11-625
36 6-S3 6-650 87 14-023 11-724
37 6-9 8 6 753 88 14-216 11-823
33 7-043 6-855 89 14-412 11-922
39 7-159 6 956 90 14-6:2 12-022
40 7-274 7-057 91 14-815 12-121
41 7-3S9 7-157 92 15-022 12-220
42 7-505 7-257 93 15 232 12-8£9
43 7-622 7-357 94 15 416 i2-419
41 7 730 7 457 95 15-665 12-518
45 7-857 7-556 96 15 887 12-617
46 7-975 7-656 97 16114 12-716
47 8 094 7-755 98 16-346 12-816
48 8-214 7-854 99 16-582 12-915
49 8-335 7-953 100 16-823 13-014
50 8-4«S 8-052 101 17-070 13-113
61 8-579 8151 102 17-321 13 213

Table II.

—

Argument : Measurefrom Theodolite Sta-

tion along the Curve : giving Angle ai the Theodolite,

and Badius of Curvature.

Chains.

0-25

0-50
0-75

1-00

1-25

1-50

1-75
2-00

2-25

2-50

2 75
3-00

3-25

3-50

3-75

4-00

4-25

4-50
4-75

5 00
5-25

5-50
5-75

6-00

6-25

6-50

6-75

7-00

7-25

7-50

7.75

8.00
8-25

8-50

8-75
9-00

9-25

9-50
9-75

10-00

10-25

10-50
10-75
11-00
11-25

11-50

11-75
12-00

12-25

12-50

12-75

13-00

Anglo at the theodolite.

deg. mm. sec.

30
2 10

4 50
8 40
13 30
19 20
26 20
34 20
43 30
53 40

1 5

1 17 20
1 30 40
1 47 30
2 30
2 17
2 34 30
2 53 10
3 12 40
3 33 10
3 54
4 17 10
4 40 20
5 4 20
5 29 20
5 55
6 21 30
6 48 50
7 16 40
7 45 10
8 14 20
8 44
9 14
9 44 40
10 15 30
10 47
11 18 30
11 50 30
12 22 40
12 55 20
13 28
14 1

14 34 10

15 7 so
15 41 10

16 14 50
16 48 50
17 22 50
17 57
18 31 20
19 5 40
19 50 20

Radius of

curvature.

Chains.

66.7

33-4

22-4

17-0

14-0

12.3

114

114

114

114

114

114

114

Piles placed in the Rhine by the

Romans, nearly 2,000 years ago, have

been found to be entirely sound when
removed within the present century.

Vol. L—No. 2.-10
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CHIMNEYS.

The chimney of the West Cumberland
Heematite Iron Works is deemed by Pro-
fessor Rankine worthy of an extended
paper before the Institute of Civil Engi-
neers in Scotland, not because it is new
or extraordinary in design, but because it

is a successful example of the application

of correct principles and good workman-
ship. We extract the following particu-

lars :

Feet.

Height above the ground line 250
Depth of foundation below the ground

line (including a layer of concrete 3 ft.

deep) 17

Ft. in.

Inside diameter at top of cone 13
" " at 2 ft. above bottom of

cone 21 10
" " of basement 18 10
" " of archways for flues. . 7 6

Outside diameter at top of cone 15 3
" " at 2 ft. above bottom of

cone 25 7

Outside dimensions of square
basement 30 ft. X 30 ft.

Ft. in. Ft. in.

Outside dimensions of foundation
course 31 GX'21 6

Outside dimensions of concrete
foundation 34 6X 34 6

The change from the square to the octag-

onal shape in the basement is made gradu-
ally by stepping the brickwork at the

corners. A straight batter was used in

preference to the theoretically correct

curved batter, because the former could be

tested by the eye.

The duty of the chimney is to carry off

the gaseous products from 4 blast fur-

naces and various stoves and boilers—say

from 10^ tons of fuel per hour.

It had previously been ascertained, that

in order that a round chimney in this

windy region may be sufficiently stable,

its weight should be such that a pressure

of wind of about 55 lb. per square foot of

a plane surface directly facing the wind,

or 27-Jr lb. par square foot of the plane pro-

jection of a cylindrical surface—that is to

say, a pressure equivalent to the weight
of a layer of brickwork 3 in. deep, and of

an area equal to the vertical section of a

rotmd chimney—shall not cause the re-

sultant pressure of any bed-joint to devi-

ate from the axis of the chimney by more
than one-quarter of the outside diameter
at that joint. By calculating according
to that principle the thicknesses of brick-

work in the cone were determined to be
as follows :

Uppermost 80 ft. of height. .1\ brick.

Next 80ft. " ..2 bricks.

88 ft. " . .2| "

Lowest 2 ft., increasing by steps

from 2 \ to 4 bricks, in order to spread
the pressure on the basement. The bed-
joint of least stability is 2 ft. above the
ground line. The thickness of the arch-
ing in the openings for flues is three
bricks. The following are the intensities

of the mean pressures due to the load on
different bed-joints :

Tons on the
Square foot.

At 2 ft. above the ground line 8
In basement at the springing of the arches 3
On the upper surface of the concrete ... 2
On the ground below 1.6

The thickness of brickwork already
stated, include the fire-brick lining, whose
thicknesses are as follows :—In the upper-
most 160 ft. of the cone, half brick; in the
lower part of the cone, the basement, and
the flue archways, one brick. The fire-

brick lining is bonded with the common
brickwork in the ordinary way—the
fire-bricks are laid in the fire-clay and the
common bricks in mortar. The reasons
for adopting this mode of construction in

preference to an internal fire-brick chim-
ney are, 1st, the fire-bricks contribute to

the stability of the chimney; 2d, unless
the internal chimney is carried up to the
top of the outer cone, there is a risk of

damage through the explosion of in-

flammable gaseous mixtures in the space
between ; and, 3d, under the same circum-
stances there is a risk of the cracking of

the outer cone at and near the upper end
of the inner cone through unequal heat-

ing at that place.

Vertical cracks in a chimney are the
more dangerous the higher the level at

which they occur, because the safety of

the higher part of a chimney depends
more on cohesion and less on weight than
that of the lower part. When such cracks
take place near the ground, they are of

little or no consequence.
The basement is paved inside with 6 in.

of fire-brick, resting on 6 in. of common
brick, which rests on the concrete.

The ordinary brickwork is built in

English bond; in the basement there is

one course of headers to every two courses
of stretchers; on the cone, one course of

headers to every three courses of stretch-
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ers. Strips of No. 15 hoop iron, tarred

and sanded, are laid in the bed-joints of

the common brickwork cone at inter-

vals of 4 ft. in height, with their ends

turned down into the side joints. In the

concrete foundation, the basement, and a

small part of the cone, the mortar was
made of hydraulic lime; the mortar for

the rest was made of a pure lime rendered
artificially hydraulic by a mixture of iron

scale in the following proportions :

Lime 2 measures.

Scale 1

Sand 5 "

The principal constituents of the iron

scale are probably silica and protoxide

of iron, but its action upon lime, and the

nature of the artificial cement which it

forms, have not hitherto been investi-

gated by chemists.

On the top of the chimney is a pitch-

coated, cast-iron curb, 1 in. thick, coming
down 3 in. on the outside and inside.

The lightning conductor is a copper wire

rope, about f in. diameter. It termi-

nates in a covered drain, in which there

is always a sufficient run of water.

In the construction of the internal scaf-

folding care was taken that the horizon-

tal beams should be supported wholly by
the brickwork, and not by the upright
posts; for great danger has been known
to arise from the brickwork coming to

bear upon the ends of the needles, and
through them on the posts, owing to the

settlement of the lower part of the chim-
ney.

In order that the concrete foundation
might have time to harden before being
subjected to a heavy load, it was made by
the Iron Company themselves before the

contract for the chimney was let; for it is

known that intense pressure tends to re-

tard the hardening of concrete. The pro-
gress of the building was restricted by
the specification to a rate not exceeding
6 ft. of vertical height per day.

The work was executed by Messrs. Wm.
Wilson & Son, Glasgow. The estimated

cost was £1,672; the actual cost, including
designing and superintendence, £1,560;
being at the rate of almost exactly four-

pence per cubic foot of the whole space oc-

cupied by the building, which is 94,000
cubic feet nearly.

According to the latest account, the
temperature inside the chimney, when

doing about three-fourths of its full duty,

is 490° Fah. ; and the pressure of the
draught is 1 ^ in. of water, which agrees
to a very small fraction with the pressure
as deduced theoretically from the temper-
ature and the height of the chimney.
The dimensions and stability of- the

chimney which has just been described
are nearly the same with those of the sec-

ond highest chimney at St. Eollox Chem-
ical Works, built about ten years pre-
viously, except that in the older chimney
the joint of least stability is 100 ft. above
the ground.
In the great St. Eollox chimney, 445 \

ft. high from foundation to top, the great-

est pressure of wind which can safely be
borne is almost exactly the same. The
bed-joint of least stability is 210 ft. above
the ground. In the great Port-Dundas
chimney, 468 ft. high from foundation to

top, the bed-joint of least stability is 200
ft. above the ground; and the greatest
safe pressure of wind is 67 lb. per square
foot of a plane surface, or 33| lb. per
square foot of plane projection of a cylin-

drical surface, so that there it may be
considered that there is an excess of sta-

bility.

One of the richest and most ornamental
of modern chimneys is connected with the
new India mill, Dorwen, Lancashire. The
total height of the chimney shaft from
the bottom of the foundations to the top
of the iron cresting is 310| ft., and from
the ground line 300 ft. The base is of

solid ashlar, 29 ft. square at ground line,

and 42 ft. high. The stone cornice to the

base is 35 ft. long on each of the four
sides. The shaft itself is built with red,

white, and black bricks, with sand grit-

stone dressings, and is 24 ft. square, and
built perfectly plumb. The walls are 3 ft.

thick at top of stone base, reduced by
" offsets" on the inside to 23 in. at the

commencement of main cornice, which is

255 ft. above the ground. Many of the

stones used in this cornice weighed as

much as 5 tons each, and were hoisted by
steam power. The balusters surmount-
ing this feature are of cast-iron, as also

are portions of the 4 vases at the corners.

The crown mould of the cornice at the top

of the shaft projects more than three

times as far over the wall as it rests on it,

and was kept in its place by iron cramps
until the cast-iron cresting was fixed upon
it. This cresting contains about 20 tons
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of metal, and is composed of more than
300 castings. There is no bolting nor any
particle of wrought-iron in this portion

of the work, the parts being kept together

by slots and lugs. The whole weight of

this cresting stands upon the brickwork,

and keeps the upper stone cornice firmly

in position. There is an interior and to-

tally independent shaft, 180 ft. high, to

prevent the great heat from the boiler fur-

naces subjecting the wall of the outer and
main shaft to unequal expansion and con-

traction.

MODERN AKCfflTECTPRE.

THE OFFICE OF ART IN ENGINEERING.

It may be stated, as a general rule, that

whatever in construction—in engineering
construction even—is true and suitable

and proportioned to strains and service,

is also beautiful ; or if this statement is

too broad, it will not be denied that those

structures in which material is utilized

and power is applied to the best advan-
tage, are the most beautiful and pleasing.

This is as true of a connecting rod as of

a cathedral. The art element should
therefore be considered in engineering,

on professional grounds as well as in the
general interests of civilization and re-

finement. In architectural construction,

and in all great or conspicuous engineer-

ing works, the want of farther ornamenta-
tion and balance of parts may often ap-

pear after the strains and functions are

all provided for, but it will nevertheless

be found, when " artistic effect " is stuck

on by an afterthought, that both truth
and taste have been violated. The ar-

tistic element must be associated with the
design from the beginning. The follow-

ing extracts from an article entitled
" Modern Architecture—the Philosophy
of Failure and the Secret of Success,"
are from " The Building News ":

It will be admitted by intelligent ob-
servers of all schools that modern archi-

tecture regarded from an art point of

view is not a success. "We have huge
edifices, triumphs of engineering skill, im-
posing piles of building resplendent with
tropies of the stone-carver's craft, and
magnificent erections of iron and glass,

marvellous as specimens of metalwork,
and gorgeous in their effect. Neverthe-
less we have no distinctive and satisfac-

tory style, no precise principle of con-

struction, no characteristic method of

ornamentation, and no practical power
of realizing that idea of beauty which
hovers in thought before the mind of

every intelligent designer.

It may seem but the repetition of a

hackneyed truism to assert that the true

and the beautiful are inseparable. Yet if

we are not greatly deceived it is because
in modern architecture these two qualities

are regarded and treated as separable

that the practice of art is a failure. As a

matter of fact the attainment of beauty is

proposed as an object altogether apart
from the consideration of truth.

The architect who designs his build-

ing on a purely utilitarian principle, trust-

ing to his ingenuity to make it beautiful

by a subsequent process of ornamentation,
is practising an aesthetic fraud. His edi-

fice is not beautiful in itself, he is con-
scious of its defect ; hence he labors to

give it a meretricious aspect by means of

ornament. Is it wonderful if he fails?

Again, the designer who distorts the con-
structional parts of his work with the aim
to realize something of beauty is no less

untruthful, inasmuch as the ornamental
feature, the facade or the tower he con-
trives to produce, are not necessary—they
form no integral part of the utile edifice.

The public eye quickly detects the artifice.

In illustration of these supposed
classes of work, and in proof that they
are not imaginative, it is only necessary
to instance the numberless hotels, sta-

tions, warehouses, and public buildings

scattered throughout the country which
in themselves are ugly, but to the per-

verted vision of a vitiated taste are made
tolerable by an incrustation of cornices,

carved friezes, statuettes, intricate metal-
work and elaborate ornament. These are

examples of buildings erected without a

thought of beauty and beautified after-

wards. The class of works which are

untruthful in their form, and ape beauty
rather than possess it, may be illus-

trated by the 12 or 14-roomed houses
fashioned, like castles, the insurance offices

and banks built to resemble edifices of

great civic importance. The cloistered

bath and wash houses, the club houses
and reading rooms, like Greek or Roman
temples, the divans like ducal palaces, and
the parish churches in town and coun-
try constructed as cathedrals—all these

things are deceptive, and it is because they
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transgress the principle of truth and re-

gard the attainment of beauty as an object

to be gained apart from truth, and even
in violation of its immutable and universal

laws, that they are failures.

Among the examples of works designed
in neglect of the principle of truth, Siles-

bury Cathedral is mentioned ; its chief

defect is weakness. The violation of en-

gineering truth at once impairs the artis-

tic effect.

It is a task of great difficulty to define

the precise conditions of architectural

truth. On the first blush of the matter it

is self-evident that there must be purity
of intention in the design. If a man sets

out with the purpose of building a barn,
it must not be a Swiss villa or a Chinese
joss-house that he plans—it must be a
barn pure and simple. The practical

error takes its rise in the false notion that
certain objects are more respectable and
pleasing than others, and, falling into the
vicious practice of flattery, the architect

deems it more complimentary to the feel-

ings of his client or considerate to public
taste to make his barn look like something
very charming, light, and graceful. Now,
truth would forbid all such misrepre-
sentation of fact, and would interdict all

meretricious ornament. It would require
a grandeur, and a style and degree of

ornamentation, befitting the nature of the
building and the purpose to which it was
to be applied, but it would not allow the
enrichment of a plain mass with a view to

raise it to the pitch of beauty supposed to

be possessed by a building of more elabo-

rate figure. This was the principle on
which the designers of the best and purest
epochs in the history of art acted. The
works which have been preserved for us
from the thirteenth century are eminently
truthful in their intention. They tell the
story of their use without disguise or
prevarication. They do not seek to ap-
pear more noble or higher in the scale of
beauty than they are placed as respects
the arrangement, configuration, and bal-

ance of the masses of which they are
composed. The ornament is never ex-
cessive, it never belongs to a class of
building more elevated or elaborate than
that to which it is applied; it never sug-
gests the idea that the designer aimed
to make his work look enriched or beau-
tified. Simplicity and truth are char-
acteristics of a style which all accept as

thoroughly honest and pre-eminently re-

spectable.

The error into which the Gothic re-

vivalists have fallen is that they have at-

tempted to produce theform of mediseval
work but neglected the spirit. Now it

must be evident that much of the archi-

tecture which we admire in its place,

amid the associations of the thirteenth

century, would be anachronic, however
skilfully reproduced in the nineteenth
century. What we want is a revival of

the old spirit of manly outspoken honesty
and the love of truth which animated the
old art-architects. Special developments
of art are inseparably connected with
conditions of time, place, and circum-
stance. We cannot live, and dress, or
build as they did who lived in the thir-

teenth century, but we can subject our-
selves to the same pure and simple in-

fluences of truth which swayed their

minds.

MANAGEMENT OF SMALL TUBULAR BOILERS.

Under the head of management of

portable engine boilers, a correspond-
ent of " The Engineer " gives some use-

ful information on this subject. The
boilers referred to are of the locomotive
type. The cylinders are usually at the

fire-box end, and the exhaust pipe passes

inside or outside the barrel to the blast

nozzle. The feed-water enters the boiler

in some cases through the tube plate of the

barrel, but more generally through the

underside of the barrel near its front end.

For washing out the boiler there are

generally 7 mud holes, 1 at each corner

round the bottom of the fire-box, and 1

at the bottom of the smoke-box tube
plate; the number and position of these

holes are very inadequate to the thorough
cleansing of the boiler from the dirt and
impurities which enter with the feed-

water, and which, if not constantly and
easily removed, soon fill it with incrusta-

tion; the parts that suffer most from this

great enemy to all boilers are the water
spaces and stays around the fire-box, and
among the tubes in the neighborhood of

the feed-pump, the greatest amount of

incrustation being formed in the front

water space of the fire-box where no mud
holes exist. To remove the deposit from
this space, the best plan is to cut a mud
hole in the outer plate at a short distance
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below the tubes, and as near the middle
of the plate as practicable; by this means
the dirt which drops down from the tubes

is easily removed. One or two additional

mud holes arranged in a higher posi-

tion round the fire-box shell, would also

prove of great assistance in keeping the

stays free from corrosion.

In the neighborhood of the feed-pump,
and immediately opposite the orifice in

the boiler, incrustation is rapidly formed
among the tubes; so much so, that the

spaces between them, and even the feed
orifice itself, become sometimes com-
pletely choked with dirt. The conse-
quence is, that the water delivered by the
pump not having free admission to the

boiler, causes shortness of water and con-

stant breakage of the working gear. For
cleaning this part of the boiler, a plan I

have generally adopted with success is to

fix a 2-inch gun-metal plug at the side of

the smoke-box tube plate and clear of

the tubes, directly in a fine with the feed
orifice; by occasionally removing this

plug and introducing a rod, the incrusta-

tion which forms round the feed orifice

is broken up and falls to the bottom of

the barrel, whence it is removed through
the existing mud hole. It is also well to

fix a half-inch plug in the side of the
feed-pump valve box, immediately oppo-
site the delivery orifice in the side of the
boiler. A rod introduced through this

hole will always keep the delivery pipe
free from corrosion. To still farther pre-

vent the accumulation of dirt, it will be
found a good plan to draw a few tubes
periodically—say, half-a-dozen on the
feed side; by this means the incrustation

formed among them can be quickly and
completely removed. A good boiler-

maker will draw these tubes without
damaging them, and they can then be
put in again; but even if 1 or 2 of them
fail and require renewing, the expense of

the new tubes is soon saved by a decrease
in the consumption of fuel consequent
upon a clean barrel. I have generally
found it to be further advisable at the
end of 12 months, if the boiler has
been pretty regularly worked during the
time, to draw all the tubes, and by send-
ing a boy through the manhole into the
boiler, the water spaces and barrel can be
thoroughly cleaned, and the tubes, which
become coated with a hard scale, can be
scraped, and renewed where damaged or

burnt. At the same time all leaky stays

round the fire-box should be drilled out
and replaced by stays of S. C. iron.

The expense of these operations is

fully compensated for by the increased

efficiency and durability of the boiler.

The joints about a portable engine
boiler next demand attention. These
are a constant source of trouble and ex-

pense. In cases where the exhaust pipe
passes through the boiler, the flange

joints in connection with the cylinder

eduction ports in the top plate of steam
chest are continually failing, and the
steam entering the leak causes a continual

blast through the exhaust pipe, and a great

loss of steam. In breaking and making
these joints afresh, the screws which secure

them, and which are tapped into the base
of cylinders, break short off inside the

boiler; the consequence is that the cylin- '

ders have to be lifted and the screws re-

newed, which is a very expensive and
tedious job. A great improvement is to

substitute studs for screws, with nuts in-

side the boiler. In some portables where
the exhaust pipe passes along the top
and outside the boiler, this leakage is

avoided.

Failure often takes place in the joint or
bedding of the cylinders on the boiler,

the bafe or flange of the cylinders not
being properly brought to a true bearing
on the crown plate. This joint is well

made with wire gauze, and red and white
lead, but an equally good, if not better,

joint is made with iron borings and
Scotch cement.
Leakage is constantly taking place

among the tubes, and among the bolts

and studs connected with the boiler, Adz.

:

—The fire-box bridge bolts, the 'cylinder

and saddle bolts, and the studs securing
the fire-bar bearers to the sides of box.

Excessive leakage in the ends of the tubes
is a sure sign of an accumulation of dirt

behind the tube plate; this dirt being
first removed, the tubes can be made
tight by judicious caulking ; continual

caulking, however, is very injurious to

the tubes and plate, and whenever this

fails, the ferule should be withdrawn and
replaced by one slightly larger in diame-
ter. A good grummit for the heads of

the fire-box bridge bolts is made of spun
yarn, with a thin coating of Scotch
cement; leakage in the saddle bolts is

not easily remedied; being put in from
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the inside of boiler, great difficulty is

experienced in reaching them. The fire-

bar bearer studs are not made strong

enough for the weight they have to carry,

and when leaky are very troublesome;

the best plan is to replace them by larger

screws of S. C. iron.

It is almost unnecessary to add that the

water-gauge cocks, the blow-out cock,

and safety-valve fittings, require constant

looking to, and should be always kept

free from corrosion and in good working

order.

It cannot be too often impressed upon
engineers in charge of steam-boilers, that

the great desiderata for their safe and
economical working are :—careful engine-

men, good and constant supply of pure

water, entire freedom from dirt and cor-

rosion, and tightness in every part; by a

proper and systematic attention to these

points a boiler can always be kept effi-

cient and safe from accident, and will last

for years.

Painting Zinc. —A difficulty is often

experienced in causing oil colors to

adhere to sheet zinc. Boettger recom-
mends the employment of a mordant, so

to speak, of the following composition :

—

One part of chloride of copper, 1 of

nitrate of copper, and 1 of sal-am-

moniac, are to be dissolved in 64 parts

of water, to which solution is to be
added 1 part of commercial hydrochlo-

ric acid. The sheets of zinc are to be
brushed over with this liquid, which gives

them a deep black color; in the course of

from 12 to 24 hours they become dry,

and to their now dirty gray surface

a coat of any oil color will firmly

adhere. Some sheets of zinc prepared
in this way, and afterwards painted, have
been found to entirely withstand all the

atmospheric changes of winter and sum-
mer.

CEMENT FOR STEAM AND GaS PlPES.

The following directions are given for

making cement impermeable by air and
steam, which is said to be superior to any
in use for steam and gas pipes :—Six parts

of finely-powdered graphite, 3 parts of

slaked lime, and 8 parts of sulphate, are

mixed with 7 parts of boiled oil. The
mass must be well kneaded until the mix-
ture is perfect.

NEW THEORY OF PUDDLING.

THE AGENCY OF CAKBONIC ACID GAS.

Mr. John F. Bennett, of Pittsburgh,

who has taken a patent for the use of car-

bonic acid gas in the Bessemer converter

—a process about to be tested in Sheffield,

we understand—writes at length to the

"Iron Age" (Dec. 3) on a kindred sub-

ject. After quoting Dr. Percy's theory
of puddling, which has been the received

theory of all writers from Kane in 1835 to

Fairbairn in 1865, he objects to it in de-

tail, and states his own views with at least

considerable plausibility. The following

are the points in the case :

The only air that enters the furnace
passes up through the grate bars of the

fireplace, and is wholly changed into car-

bonic acid gas. As there is not enough
air to consume all the combustible matter,

part of it passes off as distilled gases, and
part of the carbonic acid gas is decompos-
ed into carbonic oxide gas; in both cases

not giving out their value, and so causing
waste of fuel and loss of heat and time.

The writer built a puddling furnace which
is now in successful operation, into which
is drawn, immediately beyond the fire

bridge, a quantity of hot air equal to one-

third of what passes through the grate

bars. This scarcely suffices to burn all

the combustible matters. In the Silesian

gas puddling furnaces the supply of air is

exactly proportioned to the combustible
gases. So also in the Siemens' furnace.

But if free oxygen did pass over with the

unconsumed combustible gases, and would
combine with carbonic acid sooner than
with iron, how much rather would it prefer

the gaseous carboniferous matters amongst
which it is infused, to the partially liquid

iron on the bed of the furnace, against the

surface only of which it could impinge.

Therefore, there is, practically, no free

oxygen influencing the action in the pud-
dling furnace.

With regard to the blue flames of car-

bonic oxide gas issuing from the surface

of the molten metal, produced by the

reaction between the carbon of the pig-

iron and the oxygen of the oxidized com-
pounds of pig-iron, as Dr. Percy states

—

these blue flames of carbonic oxide gas
must have some other origin, inasmuch
as the protoxide of iron in the puddling
furnace cinder is increased at each opera-
tion, and not decreased, as would be the
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case if Dr. Percy were correct; also it is

unknown in chemical reactions that the

oxygen of the protoxide of iron can be re-

moved by carbon. Nor will oxygen com-
bine with carbon to form carbonic oxide

gas so that it can be exhibited, for al-

though carbon does undoubtedly unite

with its equivalent oxygen to form car-

bonic oxide gas in the first instance, when
they come together at the proper tem-
perature, yet such is the affinity of car-

bonic oxide gas for oxygen, that at the

moment of its formation, it combines with
it and forms carbonic acid gas—or, in

other words, if 1 atom of oxygen was
present with 1 or more atoms of carbon
at the proper temperature, carbonic acid

gas would be produced and might be ex-

hibited, but if 2 atoms of oxygen and 1 or

more atoms of carbon were present, car-

bonic acid gas alone would be produced
and exhibited; therefore, practically,

oxygen burning with carbon Avould pro-
duce only carbonic acid gas, and not the

well-known blue flames of carbonic oxide

gas as exhibited in the puddling furnace
of the iron works, or the black ash fur-

nace of the alkali works. Therefore, says

the author, the process of eliminating

carbon from iron in the puddling furnace
is not assisted by the oxygen of any part
of the cinder, or of the oxidized com-
pounds of iron added during the process.

Mr. Bennett's theory is as follows : On
the bed of the puddling furnace we have
molten pig-iron, consisting of iron, carbon,

sulphur, phosphorus, silicon, manganese,
aluminum, calcium, magnesium, etc., play-

ed over, surrounded, and permeated with
hot carbonic acid gas. That portion of

the atmosphere of carbonic acid gas that

permeates the liquid pig-iron may be
looked upon as liquid, thus allowing free

play for chemical affinities to display

themselves as readily as they do when
different salts of hydrogen are dissolved

hi water and commixed. In the order of

their affinity, the silicon and carbonic
acid first combine, depositing carbon in

the molten pig-iron, while the silicic acid
is evolved as a gas in part and deposited
in the liquid cinder in part. Co2x=Cx2
Si. O. While this operation is going on
there is an increase of carbon in the molt-
en pig-iron as shown by the experiments
of Calvert and Johnson and M. Lan.
The carbonic acid next combines with

the carbon forming carbonic oxide, which

is evolved as a gas. Co 2 xC=2 Co. The
carbonic acid next combines with the sul-

phur, depositing carbon and evolving sul-

phurous acid and sulphuric acid, which is

in most part retained in the liquid cinder

as sulphate. The carbonic acid next
combines with the phosphorus, deposit-

ing carbon and evolving phosphorus
and phosphoric acid, which is in most
part retained in the liquid cinder as phos-
phate. The carbonic acid next combines
with the manganese, depositing carbon
and evolving manganous acid, which is in

most part retained in the liquid cinder as

protoxide. The minor impurities of mag-
nesium, calcium, aluminum, etc., are re-

moved in the same manner.
That this is substantially the order in

which these impurities are removed may
be shown in the action of the blast fur-

nace, where, when these are the impurities

of the iron ore smelted, if the manganese
is deposited in the slag, so are the sul-

phur and phosphorus, while if the man-
ganese remains in the pig-iron, so do also

the sulphur and phosphorus. While
these three last operations are going on,

the carbon deposited is also acted upon
by the carbonic acid and evolved as car-

bonic oxide gas.

While all these operations are going on,

the iron is also acted upon by the car-

bonic acid, carbon deposited, and ferrous

acid in part evolved as a gas and in part
deposited in the liquid cinder as protox-
ide. While the action is taking place be-

tween the carbonic acid and the following

substances, viz., silicon, carbon, siilphur,

and phosphorus, both being hot, say
3,000° Fahrenheit, there is no diminution
of temperature. When the action begins
to take place between the carbonic acid

and the iron, there is a deficiency of tem-
perature manifest, and the iron begins to

be pasty and capable of being agglutinated

together, and so collected into balls, this

deficiency of temperature being caused by
the temperature of the carbonic acid be-

ing only 3,000° Fahrenheit, whereas pure
iron requires a temperature of 5,000°

Fahrenheit to become liquid, and in the

action of the transfer of oxygen from one
metal to another there is no heat made
apparent; or, in other words, the heat
lost by the taking away of the oxygen of

the carbonic acid is at the same time
restored by its combination with the

iron.
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NEW EXPLOSIVE AGENTS.

Compiled from the " Fall Mall Gazette."

Nitro-Glycerine.—Mr. Alfred Nobel, a

Swedish engineer and chemist, was the

first to attempt the application of nitro-

glycerine as an explosive agent, although

it had been known as a chemical curiosity

since 1847. His original plan was to

impregnate gunpowder with the liquid,

thus adding very considerably to the

destructive powers of the former. It is

a peculiarity of nitro-glycerine that, al-

though it explodes violently when sub-

mitted to a sudden and sharp concussion,

it is flamed with difficulty by the simple

application of heat or fire, and then
burns very much like any inflammable,

non-explosive liquid. About five years

ago Mr. Nobel adopted the ingenious

device of accomplishing the main explo-

sion by a small preliminary detonation,

by means of the ordinary mining fuze,

with a small case containing gunpowder,
or a metal cap containing detonating

powder, attached to its extremity. Thus
the destructive force of nitro-glycerine

may be developed with tolerable cer-

tainty, no matter whether the liquid is

more or less strongly confined.

The possibility of applying nitro-gly-

cerine in its pure state as an efficient ex-

plosive agent, in mining and similar

operations, having been thus demonstrat-
ed, Mr. Nobel proceeded to perfect the

manufacture of the material, and to

give illustrations in public of its extra-

ordinary destructive powers, which have
been estimated at 10 times as great as

gunpowder.
The new " blasting oil " was first used in

Sweden and Norway, where manufactories
were established by Nobel, and subse-
quently in other countries; notwithstand-
ing the difficulties and dangers to be en-
countered in the employment of a liquid

of uncertain stability, possessed of poi-

sonous properties, horribly dangerous to

handle, and having the tendency to solidify

at a temperature above the freezing point,

when the danger attending its manipu-
lation becomes greately increased. A
succession of the most fearful disasters

have occurred during the transport,

manufacture, and manipulation of the
Bubstance, the first at Colon, and others
in New York, California, Australia, and
other parts of the world, also two de-

structive explosions last summer in Bel-
gium and in Sweden (at Nobel's factory).

The employment of nitro-glycerine has
since been prohibited in the two last-

named kingdoms, and the very name of

the substance is now everywhere most
properly regarded with a feeling of dread,
which any modification in the properties

of this destructive liquid will fail readily

to dispel.

Dynamite.—These fact3 have led Mr.
Nobel to contrive a safer modifica-
tion of the liquid ; the result has been
the production of " dynamite," a buff-

colored powder, somewhat oily or ad-
hesive to the touch. This material is a
somewhat crude nitro-glycerine prepara-
tion, and consists simply of a silicious

earth (or any other inert powder), im-
pregnated with a considerable quantity of

nitro-glycerine. A solid, inert substance
is thus made the vehicle for the applica-

tion of the explosive liquid, and the dis-

advantages which specially attach to the
fluid character of nitro-glycerine are set

aside. But although nitro-glycerine in

this form is safer to transport, and is ap-
plicable with more ease and certainty as

a blasting agent than the liquid, its inju-

rious influence upon the health of those
employing it, and the possibility of its

undergoing changes which may result in

spontaneous explosion, are not overcome.
Moreover, the physical character of dyna-
mite renders it less convenient to handle
than gunpowder and other solid explo-

sives; and it is obviously less powerful
than the undiluted liquid. Like nitro-

glycerine in the pure state, dynamite will

not explode upon simple application of a
red-hot iron or flame, but if exposed to

the effects of a detonation in immediate
proximity to it, the violently destructive

results obtained with the liquid are de-
veloped in proportion by the solid.

Nytro-Glycerine and Gun-Cotton.—
Another preparation of this substance has
lately been produced by Mr. Abel, Chem-
ist to the "War Department, and made the

subject of some interesting experiments
at Chatham and Woolwich. It is pro-

duced either in the form of hard granules,

or of discs or pellets of compressed gun-
cotton, containing about three-fourths

their weight of nitro-glycerine. The ni-

tro-glycerine is thus held absorbed with-
in a porous, solid substance, which is it-

self endowed with strong explosive prop-
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erties. All contact of the nitro-glycerine

with the air, and with those handling this

preparation, is prevented by a hard im-
pervious coating with which the grains or

discs are provided. This material would
therefore appear to be decidedly safer and
more convenient to handle, transport, and
preserve, besides being more powerful as

an explosive than dynamite. If lighted

in open air it simply burns, without any
explosive effect; but when confined it does
not, like dynamite or the liquid nitro-

glycerine, require a detonating fuse for

the development of its explosive power,
though its violent explosion, even in open
air, may be brought about in that way,
just as in the case of the other sub-
stances.

Improved Gun-Cotton.—Unfortunately
for the interests of nitro-glycerine, a new
and valuable addition to our knowledge
of gun-cotton, recently made at Wool-
wich, renders it very doubtful whether
the explosive liquid, in whatever form it

may be presented, is likely to enter into

successful competition with that material.

It has been found that the explosive force

of gun-cotton may, like that of nitro-gly-

cerine, be developed by the exposure of

the substance to the sudden concussion
produced by a detonation ; and that if

exploded by that agency, the suddenness
and consequent violence of its action
greatly exceed that of its explosion by
means of a highly heated body of flame.

This is a most important discovery, and
one which invests gun-cotton with totally

new and valuable characteristics.

Some remarkable results have been al-

ready obtained with this new mode of ex-,

ploding gun-cotton. Large blocks of

granite and iron plates of some thickness
have been shattered by exploding small
charges of gun-cotton, which simply rest-

ed upon their upper surfaces. Long
charges or trains of gun-cotton, simply
placed upou the ground against stockades
of great strength, and wholly unconfined,
have been exploded by means of detonat-
ing fuses placed at the centre or at one
end of the train, and produced uniformly
destructive effects throughout their entire
length, the results corresponding to
those produced by eight or ten times the
amount of gunpowder when applied un-
der the most favorable conditions. Min-
ing and quarrying operations with gun-
cotton applied in the new manner, have

furnished results quite equal to those ob-

tained with nitro-glycerine, and have
proved conclusively that if gun-cotton is

exploded by detonation it is unnecessary
to confine the charge in the blast-hole

by the process of hard-tamping, as the

explosion of the entire charge takes place

too suddenly for its effects to be appre-
ciably diminished by the line of escape
presented by the blast-hole. Thus, the

most dangerous of all operations con-
nected with mining may be dispensed
with when gun-cotton fired by the new
system is employed.

It will readily be observed that this dis-

covery, which we believe is due to Messrs.
Abel and Brown, of the War Office Chem-
ical Establishment, is likely to be at-

tended with most important results. It

has been said, and said justly, that if you
want gun-cotton to exert itself you must
coax it into the belief that it has a great
deal to do. You must give it bonds to

break and physical obstacles to overcome,
with no outlet or possibility of escape.

But now, gun-cotton will exert itself, and
put forth more than what was be-

lieved to be its full strength, whether it

sees any work to do or not. This discovery,

therefore, can hardly fail to lead to the
universal adoption of gun-cotton for min-
ing purposes, as soon as its new prop-
erties become generally known.

In connection with possible military

applications the discovery is invaluable.

There can no longer be any doubt what
agent should be employed for the breach-
ing of stockades and the like; and the ab-

sence of all necessity for the use of strong
confining envelopes will have an import-
ant bearing upon the employment of gun-
cotton for torpedoes and all submarine
explosive operations, besides greatly sim-
plifying mining and breaching operations
in the field. We have, in fact, discovered
several new advantages to add to those
which already had sufficed to recommend
gun-cotton as an explosive agent in pref-

erence to all others.

Isaac Newton, Esq., late Chief Engineer in

the Navy, Engineer of the Monitor dur-
ing her first engagement, and an accom-
plished scholar in all that pertains to

ships, steam, and naval affairs, is asso-

ciated with Gen. McClellan in the com-
pletion of the Stevens battery.
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WASTE OE WOOD.

STATISTICS THE REMEDY IKON AND CON-

CRETE STRUCTURES.

From the last report of the United
States Department of Agriculture it ap-

pears that unless measures are taken im-
mediately to replace by new plantations

the supplies withdrawn by the destruc-

tion of our old forests, there will be an
actual famine for wood in this country
within the next 30 years. It is estimated
that from 1850 to 18G0 no less than 50,-

000,000 acres of new land were brought
under cultivation, of which two-fifths

were timber land. And in the decade
ending 1870 there will be no less than
100,000,000 acres so reclaimed. In the
single State of New York, from 1850 to

1860, there were reclaimed from the

forest and brought into cultivation no
less than 1,967,433 acres of land. All

these acres will never again be devoted to

timber growing, and still the destruction

goes on.

The great consumption of wood is for

building, fuel, and railway sleepers. The
value of the farms of the United States in

1860 was $6,654,045,700, while the value

of the lumber improvements was $3,322,-

522,000. All this has been cut from the

soil, and most of it within 30 years.

Little or nothing has been done to replace

it. The sleepers used on the railroads

of oiu* country from 1850 to 1860 cost

$23,063,957. More than 100,000,000 rail-

way sleepers are now in use, and as

these are almost entirely hard wood,
and last but 2 to 5 years, it will be seen

that the annual supply for this purpose
is enormous, and increasing as fast as new
railroads are built. In a single year there

was used for repairs of railroads and
railroad buildings and cars in the United
States, no less than $38,000,000 worth of

wood.
There are no less than 477,623 artisans

in wood in this country. If we estimate

the value of their production at the low
price of $1,000 each per annum, we have
the still greater aggregate of an industry

of $500,000;000 per annum dependent
solely on wood. It is a noteworthy fact

that wood in all its branches of manufac-
ture and use, pays more than one-half
the entire internal revenue of the United
States, and no less than QQ trades depend
upon wood as bare material for their la-

bor. The wood fuel used for locomotives
in the United States reached the enor-
mous figure of $56,000,000 in a single

year.
_

Besides the scarcity and increased cost
of wood for all these purposes, a more
serious loss is likely to result to agricul-
ture, from the greater severity of the cli-

mate, due to the loss of the forests. The
irregularity and extremes of temperature
we now endure, were not formerly known.
These are startling facts, and their im-

portance cannot be too quickly or too se-

riously considered by governments, com-
munities, engineers, farmers—all men.
The people should rise in self-defence, as
in case of foreign invasion. Without
discussing at this time the proper work
of Government in the matter, nor of farm-
ers in replanting and sparing forests for
their individual protection, we would
urge engineers, builders, and all consum-
ers of wood in great and permanent
structures, to renew their efforts to
cheapen the other and more plentiful ma-
terials of nature, and more especially to
avoid the use of perishable wood. In the
majority of cases the use of wood costs

more in the long run than stone, brick,

cement, iron. Decay outruns interest.

Wooden railway bridges do not pay
anywhere, and wooden sleepers are not
found to pay in many countries where
this material is peculiarly scarce and per-
ishable. Iron sleepers, with a small
amount of wood in pockets, to give the
necessary elasticity, are really permanent
and safe, and would be economical to-day
on lines of heavy traffic in our Eastern
States. The wear and tear of rails and roll-

ing stock directly due to the decay and the
cutting and mashing of wooden sleepers,

the cost of their renewal every five years,

and the better support and increased
bearing of the rail obtainable with iron,

are all sound and weighty arguments in

its favor. Because simple stone blocks
were found too rigid, the idea of stone

permanent way seems to be entirely dis-

carded. But where stone is plentiful and
easily wrought, the placing of wooden
pockets in large blocks of it would cost

little more than wooden sleepers, and be
sufficiently elastic.

Excepting only wooden shipbuilding,

the most unreasonable and not the least

extensive use of wood is in the floors of

great stone and brick city houses. Prob-
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ably three-quarters of the very first class

and most costly buildings erecting in our

cities, have wooden floors. The first cost

of iron is certainly a great temptation to

avoid it; but higher rates of insurance

and inevitable destruction by fire at some
time, will eat up the saving. If wood and
iron were of equal price, the permanence
of the latter should warrant its adoption

in all the better class of buildings. There
is some reason and hope in legislation on
this subject. When a man's wooden-
floored warehouse is gutted by fire, the

verdict is, " served him right." But
when this conflagration lights the ware-
houses of his neighbors, they have a

rightful and should have a legal claim

against him. For farm buildings and
country houses brick should be more gen-

erally adopted as an economical measure;
the repeated painting and inevitable decay
and reconstruction of wood cost more in

the end Concrete is getting into larger

use, especially abroad; it is cheap and
permanent. This subject will be more
fully referred to in another article.

What engineers and builders have to

do is to cheapen brick, concrete, artificial

stone, iron, and the modes of moulding
them into houses and structures. The
wood question is so positively alarming,

that a great demand—a rush—is likely to

be made in the new direction, and every
improvement will be gladly and widely

welcomed. We know of no business

likely to be more remunerative than the

production of a cheap mineral building

material, on a large scale.

As to wood fuel, the grand consumption
of locomotives and steamers is already

much abridged. The charcoal furnace is

a great destroyer of forests, and we look

to the improvement in coal furnaces

—

high and large stacks, better hot blast,

better fluxing, and the purification of ores

and of irons in subsequent treatment—to

lessen the necessity and the demand for

charcoal-iron.

It is singularly fortunate that the ma-
terial we want so much to preserve, is the

material we ought so little to use. Wood
in heavy and exposed structures, and es-

pecially when subjected to wear, is ut-

terly perishable. It immediately begins
to depreciate in strength and value, and
its short life is but a series of paintings,

patchings, splicings, and repairs. For
this reason it is after a short service not

only unreliable, but so yielding as to de-

crease the service and durability of sur-

rounding parts. If this is not enough,
the injury to agriculture by the destruc-

tion of forests, should be enough to war-
rant every public and private effort to

preserve them. The cultivated taste of

the times has found nothing more suit-

able for furniture and decoration than
the natural woods, and whatever of this

material can be spared from the hill sides

can be advantageously employed for

these and similar purposes.
In the West this subject is better un-

derstood than among us, and laws have
already been passed in Iowa, Kansas,
Missouri, and other States, looking to the

growth of forests, such as the exemption
of made and natural wTood growths from
taxes. And the timber nurseries of the

West are already vast in extent. In some
parts the first thing the farmer does is to

plant the fast-growing cotton wood, and
the next is to plant better wood to take
its place. In the East, where timber has
been more plentiful, and is soon to be
more scarce than in the West even, and
where more durable building materials

are more cheaply produced and more
needed, the subject has not received

proper attention.

ow to Lay out a City.—The "New
York Times " argues that the right-

angular plan has turned out as incon-

venient as the cow-path system, and
advocates for situations like New York,
a main longitudinal avenue of great

width, with rectangular and diagonal
streets leading from it. There should
certainly be some other means of getting

from corner to corner of a series of

square blocks, than going round the

town or " playing a game of checkers"

through its centre. Diagonal streets may
yet have to be cut through our right-

angled cities. Baron Haussman has
spent 375 millions in altering the map of

Paris, during the last fifteen years.

ower Looms were first constructed

in England by Cartwright in 1787,

and first started in this country on the

improved plans of Moody, an American,
by Lowell (after whom the city of looms
was named) in 1815.
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COMPRESSED SLACK COAL.

Mr. Warington W. Smyth's report on tho art of mining and
metallurgy at the Paris Exhibition.

"Within the last few years, careful ex-

periments, conducted by the administra-

tion, have proved, what was long doubted,

that France possesses coals excellently

adapted for sea service; and for some
time past no other than French coal has

been used in the Imperial navy. But for

these purposes the fossil fuels from dif-

ferent localities have to be judiciously

selected and mingled in certain propor-

tions. Taking the coal as a whole, it is

noticeable that it makes much more
small and dust than our own, and is more
frequently apt to be "dirty" or mixed
with shale and clay. It hence results, that

the French coalmasters have been driven

to pay a special attention to methods of

cleaning their produce and utilizing the
" slack," menu, or small coal. At the great

Exhibition in 1851, Berard's coal-washing

machine came before us as a novelty,

although it was only in certain details

that it could rightly be so considered; and,

besides several contrivances for that pur-

pose introduced more recently, a great

variety of ingenious apparatus has been
brought into use for making " patent

fuel," agglomeres—that is, for pressing the

small coal into cakes of various forms
by the aid of a small amount of some
binding material. These briquettes are

highly reported upon for naval use; in

their carriage to the ports there is a loss

of only 1 per cent., against from 6 to 10

percent, on lump coal; and when stored

abroad they are found after two years'

exposure scarcely at all injured, whilst

ordinary coal would have suffered to the

extent of 50 per cent. Moreover, they
are free from ash, and may be made of a

mixture of flaming and of dry coal, or of

those varieties which have a more free-

burning and a more calorific property
respectively, in such a ratio as to give

the best effect in getting up and main-
taining steam. The late Exposition
abounded with examples of the ma-
chinery and the products of this manu-
facture; and, although we are not in

Great Britain without a similar industry,

attention may fairly be called to the sub-
ject in the interest of the millions of tons
of small coal and of inferior qualities

which we are every year actually getting
rid of as refuse.

As early as 1833, Messrs. Marsais and
Ferrand took out a patent for this pur-
pose, but it was not until 1843 that the
agglomerated coal began to be produced
in any quantity, and some more years
elapsed before the machinery was so far

improved by several different engineers
as to lead to the present large scale of the

manufacture. The St. Etienne Company,
by introducing an enormous hydraulic
pressure, need only to add 5| per cent,

of pitch {brai sec) to solidify the mass.
The stack of rectangular blocks left out-

side the St. Etienne shed in the "park,"
throughout the heavy rains in April, gave
good testimony to the thorough compact-
ness and durability which had been thus
attained.

The greater part of the French makers
appear to have adopted the circular

arrangement of the Messrs. Revolker,
and of Mr. Evrard and M. Dehaynin.

In this machine the cylinders are dis-

posed as the radii of a circle, in which
the slack, after being heated by a current
of steam, and mingled by very ingenious
apparatus with the pitch, is pressed by
pistons and formed either into cylin-

drical or hexagonal blocks of convenient
length. The rate of production appears
to be in practice, 10 tons per hour with
one machine, requiring an engine of

50-horse power to work it, and the ex-

treme limit of pressure being 100 atmos-
pheres.

The pi'ices of the St. Etienne com-
pressed fuel are high; the first quality,

Avhich contains only 2.10 per cent, of ash,

is marked at 28 francs per ton; the
second, with 5 per cent., at 26 francs;

whilst the best block coal rules at from
19 francs to 23| francs, and the small at

9| francs to 15^ francs. The very small
proportion of gas, tar, or pitchy matter
introduced into the mass at this work,
can scarcely be considered as a general
guide, since different qualities of coal

will need some more and some less of

binding material.

M. Felix Dehaynin, a producer of no
less than 175,000 tons of agglomeres in

the year, exhibited drawings of the
Evrard machine as modified by himself,

and employed at his three works, in

which 500 people are engaged. The com-
pany called the " Ocean," at Paris, were
also exhibitors of drawings and of the
apparatus for the same purpose, known
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by the name of its inventor, M. Maze-
line.

As an adjunct in these operations, an
ingenious machine by Hanrez & Co.

may be noticed. It is constructed for the
dying- of small washed coal by the revolu-
tion of a screw within a revolving per-
forated cylinder, and is stated to dry five

tons per hour.

We could wish that coalworkers, min-
eral landowners, and capitalists, would
note these various indications of what is

now becoming in France an important
trade. Without being unmindful that
several companies have been established
in South Wales and elsewhere for a
similar manufacture, we cannot but be
conscious that their action is but an
infinitesimal set-off against the wholesale
waste of slack that takes place in this

country. It is not only that the small
coal cut and broken from the salable

part of seams is, in most of our districts,

thrown into goaf and gob by the tens of

thousands of tons, but those proportions
of beds, often some feet in thickness,

which are intermixed with stone or sul-

phur, or which make a larger than usual
proportion of slack, are at once rejected

as useless, and acres of such coal are
abandoned to be inextricably mixed up
with broken roof and heaving floor, al-

though of no worse quality than would
be turned to advantage in many a French
colliery. It is impossible, in the hard
competition of the times, to blame in-

dividuals for this sin against the eco-

nomical use of Nature's gifts; but it is a

discredit to the country at large, and will,

among our descendants, entail many an
anathema on the selfish stupidity of their

forefathers. American miners take notice.

Electro-Plating iron with copper and
brass is successfully carried on in

France, in the following simple manner :

—The iron object is coated with a varnish
of resin, dissolved in benzine. This is

then coated with plumbago, and the cop-
per deposited as usual. By this means
the peeling off of the thin layer of copper
is obviated.

Oatv Works.—Disston's in Philadelphia
k) comprise 7 buildings, having an area
of 500,000 square feet, and employ 4=00

hands.

THE INSTITUTION OF CIYIL ENGINEERS.

HISTORY OF THE SOCIETY ITS NEW HOUSE IN

LONDON.

Compiled from " Engineering.

"

Former Societies.—Although the So-
ciety of Arts was founded in 1754, the
English engineers had no representative

body, no arranged and adequate means
for the communication of ideas, till much
later. In 1768 Smeaton and a few friends

formed a more or less convivial engineer-

ing club which met at the Queen's Head
Tavern in Holborn, and lasted some 20
years, but left no professional records.

In 1792 Smeaton was about to reorganize

the society in a "better and more re-

spectable form," but his death prevented.

His friends, however, did reorganize it,

and commenced a series of fortnightly

meetings on April 15, 1793, at the Crown
and Anchor in the Strand ; there was
better order, but not less eating and
drinking. The " Smeatonian Society of

Civil Engineers " still exists, and holds

monthly meetings at the Freemason's
Tavern during Parliamentary sessions,

but its pith and sap have been absorbed
by its single vigorous branch, the " Insti-

tution of Civil Engineers."

History of the Institution.—In 1817
William Maudslay, Henry B. Palmer,
Joshua Field, James Jones, Joshua Col-

linge, and James Ashwell, formed a so-

ciety and drew up rules which are still

maintained with some modification. In
1821, Thomas Telford, appreciating the

value of such a society, and foreseeing how
it might extend hi professional influence

and power if well managed, accepted the

presidency. In his inaugural he said that

the institution had arisen from the wants
of society, and being the result of its pres-

ent state promises to be both useful and
lasting. "Under the able guidance and
powerful influence of Telford the society

grew and prospered. Its meetings were
held at No. 1 Cannon Kow, Yfestminster,
till 1839, when it erected its present

offices, No. 25 Great George Street. On
the 3d of June, 1828, it obtained a royal

charter, and was incorporated under the

title of the "Institution of Civil En-
gineers." Telford's devotion to the in-

terests of his protege increased, as he
gave up professional pursuits in his later

years, and he remained president till his

death in 1831. The second president,
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Walker, retained the chair for 10 years,

and Sir John Eennie remained in office 3

years. The term of presidentship is now
2 years, and since Eennie, 11 members
have tilled the chair. At the present time

the institution has 1,689 members, of whom
16 are "honorary," 641 "members," 909
" associates," and 123 " students."

New Building—Cost.—The insufficient

accommodation of the old house led to

inquiry as to the best site and plans for a

larger building. An eligible site and
structure in Victoria Street would have
cost £26,000 to meet which the institu-

tion had the rent of the old house, £4,000,

and £18,000 available property; this would
have entailed a debt of £4,000. The old

site, 25 Great George Street, sufficiently

increased by the purchase of adjoining

property, was therefore obtained at a

yearly rental for 99 years of £659, with
the privilege of purchase within 10 years

for £12,000. The cost of the alterations

and extensions of the building was
£11,650. The architect is Mr. J. H.
Wyatt; the contractors Messrs. Holland
& Hannem.
Main Features— Kooms.— The main

feature of the new design was the con-
struction of an ample meeting room in

place of the old cramped and awkward
theatre 44 feet 9 inches by 24 feet 8

inches; the improvement of the library,

and some means to avoid the undue crush
of the annual conversazione. At the same
time, the old facade and entrance were to

remain. The original plans (see " En-
gineering," vol. V.) were reconsidered,
and the present building is as follows

:

On the left of the main hall is the
secretary's room 24 by 17 feet, and a

clerk's office 17 feet 7 inches by 15 feet.

The two are separated by a glazed parti-

tion which can be removed upon occa-
sion. At the end of the main hall, which
is paved with tesselated marble, an arch-
way under the main staircase, decorated
with bronze gas standards and statuary,

leads to the lobby leading to the council
room, 21 feet 6 inches by 31 feet 10 inches,

on the left, and the members reading
and writing room, 40 feet by 28 feet 4
inches, on the right, and to the lava-
tories. On Tuesday evenings tea and cof-

fee are served on a removable counter in
the reading room, and on conversazione
nights the partition between the reading
and the council rooms will be removed,

making a spacious refreshment room. At
the back of the council room stairs lead
to the kitchen below, and other stairs to

the rear of the president's chair in the

theatre above. In the basement, ap-
proached by a separate staircase, is the
strong room, 12-| feet by 7 feet.

The Theatre.—The main staircase, 4
feet wide, occupies a rectangular well 18
feet 6 inches by 21 feet, extending unbrok-
en to the lantern above, 48 feet from the
ground level. A rise of about 14 feet brings

up to the level of the meeting-room or the-

atre on which the principal care of the

architect has been expended. It has a
clear area of 60 feet by 40 feet, with a
height of 30 feet from the floor to the

springing of the dome by which the room
is lighted. There are four entrances, the

doorways of which are handsomely exe-

cuted in oak. The principal entrance
opens from a 6-foot landing at the head
of the main stairs, which also extends to

the library. A second access is obtained
on the extreme left, by a gallery, and is

intended for the entry of members who
arrive after the proceedings have com-
menced. On the right two more doors
open from another gallery.

The arrangement of the seats in the
theatre has been carefully devised. The
President's chair occupies a point oppo-
site the space between the central door-
ways, and from this, as a centre, a series

of semicircular platforms have been laid,

each tier from the council table to the
opposite wall rising above the other, so

that the outer row is about 3 feet from
the ground. The objectionable plan of

having a clear avenue down the centre of

the room to the President's chair, a plan
which invariably interrupts the attention

of the meeting by the entry of late mem-
bers, has been avoided. The circular

benches, arranged upon the platform tiers,

are placed 2 feet 7 inches apart from back
to back, so that ample sitting accommoda-
tion is provided for 375 people, which the

room is calculated to hold without a gal-

lery. There is a small room at the back
of the theatre, devoted to the use of dia-

grams, etc.

The sides of the meeting-room are
treated with Doric and Ionic pilasters,

terminating in sufficiently enriched can-
tilevers and cornices at the ceiling. The
bays left between the pilasters will ul-

timately be filled with the pictures be-
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longing to the Institution. At present,

however, the only decorations will con-
sist of brackets carrying the busts which
adorned the old building. The principal

of these is the marble bust of Telford,

which will fill a conspicuous place in the
library. Of the others, the main ones will

be the portraits of Dr. Olinthus Gregory,
Thomas Tregold, Professor Faraday, Sir

Robert Peel, John Smeaton, Watt, Ren-
nie, the Stephensons (father and son),

Maudslay, the elder and younger Brunei,
Locke, John Fowler, Hawkshaw, Joshua
Field, Bryan Donkin, G. P. Bidder, and
Rendel.

Lighting.—Eight lunettes—4 on the
north and 4 on the south side of the
meeting hall—aid the light thrown by a

large central dome 19 feet in diameter, en-

closed in an outer dome, so that the light

is passed through a double medium. By
night the theatre is illuminated by 3
sunlights; the central one in the middle
of the dome has 63 lights, and the 2

side ones 28 lights each. Two grated open-
ings are provided in the ceiling for ventila-

tion.

Heating.—Thirteen grated openings
placed around the room about 15 inches

above the floor, and openings in the risers

under the seats, admit the warmed air

forced from the basement at the rate of

400,000 cubic feet per hour, being an allow-

ance of 800 cubic feet per hour for 500 peo-
ple. Fresh air is taken from without and
carried along an underground channel
leading into the basement. At the ex-

tremity of this channel a fan, driven by a

1-horse gas engine, forces the air into a

chamber, where it is warmed in winter,

and can be cooled in summer. The aj^para-

tus employed for warming the air consists

of a series of hot water pipes, 4 inches

in diameter, disposed in horizontal tiers,

and so arranged that the entire volume of

air used for ventilation must be passed
amongst the spaces between them before

it leaves the chamber. The axis of the

fan used for forcing the air into the build-

ing is situated parallel with that of the

air channels, and it carries two blades
placed at 50°, the diameter being 3 feet.

Means have also been provided for filter-

ing the air before admitting it, and in

!

summer a cold water spray will be forced i

against a fine wire gauze screen covering
j

the mouth of the channel to cool the air i

on its passage. Valves are placed in the

different branches to regulate the admis-
sion, and an independent coil is placed in

the hall to warm the entry to the building.

Library.—In the library, 42 feet by 28
feet, the first and second floors of the old
building have been thrown into one, and a
gallery supported on brackets, is carried

around the room at the old upper floor

level; this gallery is wide enough to con-
tain bookcases and leave space enough for

stools and desks for readers. The library

is illuminated withtwo 28-burner sunlights,

and sufficient ventilation is secured by
gratings in the ceiling. The top floor has
been made into one spacious, loft with an
excellent light for the preparation and
storage of diagrams.

Such is the house the Institution of

Civil Engineers has built and garnished
for itself in the fiftieth year of its life.

he Park Bank.—This showy, and in

many respects splendid structure, oc-

cupying part of the site of the old museum
opposite the Astor House, was opened in

December. The facade is of white mar-
ble, richly decorated in the classic style.

The striking features are the double rows
of columns supporting the portico, the

collossal statuarv, and the lofty Mansard
roof. The central hall, 12 ft. wide by 50
ft. long, leads to the banking-room, 58 by
00 ft., and 40 ft. high at the springing of

the glass and iron dome. The decoration
of the walls is Pompeian, and the effect

of the warm tints is pronounced very fine.

At the 4 corners are 4 medallions rep-

resenting Art, Science, Industry, and Jus-
tice. The wainscoting is 5| ft. deep, with
stiles of dove-colored marble, and panels
of reddish Tennessee marble. The screen
is of bronze, with black marble shelves

and plate glass windows. The desks and
counters are of mahogany. The safes

cover a space 20 by 7 ft., and are 13 ft.

high. The room is warmed by a steam
pipe running along the bases of the inter-

nal divisions, and a number of Gold's
heaters. On 3 sides of the room are

galleries 8 and 10 ft. in width; from 1 of

them opens the book-room, 50 by 9 ft.

;

from another, the directors' room, 24 by
17 ft., decorated like the banking-room,
and richly furnished. On the right of the
main hall is the bank parlor, 48 by 20 ft.,

and 17 feet high. It is velvet carpeted,

walnut-root wainscoted, Marcott deco-
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rated and furnished, and altogether

princely. The space on the other side of

the hall, and in the 2d story of the front

building, is divided into spacious rooms
for other banking and insurance com-
panies.

The safety deposit vault in the base-

ment of the building is built of granite

blocks 2 feet thick, and contains 486 safes.

The foundations of it form a mass of

masonry 49 by 24 feet in plan, and 24 feet

high. The front foundation wall of the

building is 32 feet deep below the sidewalk,

and from 8 to 11 feet thick. A 3-horse power
caloric engine in the basement forces water
95 feet high to a 3,000, gal. tank. The build-

ing is essentially fire-proof. The floors

are iron girders and brick arches.

The building cost $700,000 ; the lot

$350,000. The architect is Mr. G. H.
Thomas ; the builder, Mr. GL T. Smith

;

the carpenters, Messrs. Smith & True.

The statuary is by Mr. R. E. Launitz.

LOCOMOTIVES FOR HEAVY GRADES.

The system of locomotives for the Mont
Cenis Railway is thus commented upon
in " Engineering." The construction of

a railway over Mont Cenis, to be worked
until the completion of the great tunnel,

was a work creditable in every way to

English enterprise and engineering skill.

But we cannot the less disapprove of the
absurdly complicated system of locomo-
tive power employed to work in it.

The gradients on this line are 1 in 12,

and the gauge 3 feet 7 inches. Messrs. Fell

and Alexander, engineers, have respective-

ly reinvented and worked out the old

Vignoles-Ericsson-Sellers system of mid
rail and engines with gripping wheels
—a scheme as needless as a fifth wheel to

a coach. These engines have frequently
broken down, and it has been sought to

throw the discredit upon the French
makers, MM. Gouin who are among the
very first makers in France, whose work
—and they have made nearly 1,000 loco-

motives—gives no trouble on other lines.

It is now understood that a totally new
class of engines will be made for the
Mont Cenis line by MM. Cail & Co., the
eminent locomotive constructors of Paris
and Lille. The horizontal wheels are to
be co nected by spur gearing, and so driven
by independent cylinders ; whereas, in
the present complicated plan, the 4

Vol. L—No. 2.-11

coupled driving wheels and the 4
gripping wheels are worked from a single

pair of cylinders. The new engines,
which have been designed by Mr. J. R.
Crampton, will certainly be superior to

those now on the line.

But our authority concludes the grip-
ping wheels and mid rails unnecessary, for
the following reasons : Inclines of 1 in

18| had been regularly worked for 6 years
on the Virginia Central Railway, the en-
gines drawing from twice to three times
their own weight behind them. Inclines
of 1 in 10 had been worked during the
winter of 1852-53 on the Baltimore and
Ohio Railway, the coupled engines, hav-
ing the whole of their own weight avail-

able for adhesion, drawing a load equal
to their own weight behind them. At the
opening, too, of the Mont Cenis Railway,
last summer, the engine went up with its

train, drawing its assigned load by the
adhesion due to its own weight, the
" gripping wheels " not being put in ac-

tion at ali.

It is quite certain that the adhesion of

the driving wheels on a clean rail is often

from one-fourth to one-third, and in some
well-attested cases even three-eighths of

the weight, and it is abundantly capable
of proof that an engine or steam carriage,

with its whole weight and load available

for adhesion, can ascend inclines of 1 in

12 in any and all weathers.

THE NITRATE STEEL.

The controversy regarding the Heaton
process has overrun the columns of the
engineering press, into the London
"Times." The only conclusion we are

able to draw from the great mass of

matter published, is that Mr. Heaton's
claim to have made soft, uniform, homo-
geneous rails and bars, without remelting
the first product of the converter, con-
flicts with the chemical possibilities as

we now understand them. Says ' : En-
gineering :" The highest chemical authority
in the kingdom, Professor Miller, has
analyzed the Heaton metal, from samples
taken by himself direct from Mr. Heaton's
converters and rolling mill, and has found,
as was to have been expected, numerous
and extensive impurities, which unmis-
takably indicate not only a variable, but
a very inferior, if not worthless quality.

One sample of " crude steel " had almost
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3 per cent, of impurities, of which 1.8

per cent, were carbon. Another sample
of this steel after it had been simply cut,

piled, heated, and rolled, had nearly 2

per cent, of impurities with 1 per cent, of

carbon. Any so-called steel made from
highly phosphuretted jug, by a hasty boil-

ing over nitrate of soda, including the
incorporation into its own mass of a lump
of cast-iron at the moment when the

nitrate floats to the surface, could not
possibly be expected to be uniform in

quality, nor could it be expected to be of

good quality in any case. A correspond-
ent of the same paper says : The second-
ary or resultant product obtained by
merely cutting, piling, beating, and ham-
mering while in a spongy state, appears
to have a wonderfully different chemical
composition, one-half of the carbon being
removed. This, it is tolerably certain,

would not be the case with any other

steel. A puddled steel, a crucible steel,

or a Bessemer steel bar contains as much
and no more carbon than the bloom, blister

bar, or ingot from which it was made.
But the secondary product of the Heaton
process, although it is asserted to con-

tain 1 per cent, of carbon, is nevertheless

pronounced to be " malleable iron of the

finest and purest quality." As to the

authorship of the process, the authority

first quoted says : Nor is Mr. Heaton
even the inventor or discoverer of the use
of nitrate of soda for purifying iron. He
has invented merely a mode of using it,

whereby it was kept or supposed to be
kept at the bottom of the metal charge
Tintil the oxygen of the nitrate is given off.

He first places the nitrate in the bottom
of his converter, and to prevent it from at

once floating to the top when the charge
is poured upon it, he fastens it down by
a cast-iron plate perforated with holes to

allow the melted iron to obtain access to

the nitrate, and to allow the oxygen thus
evolved to rise.

This authority, however, does not at-

tempt to write down the new process,

but farther says : Mr. Heaton may be
quite sure that his experiments in mak-
ing steel from common brands of iron

are watched with the greatest interest,

and, so far as the iron trade is concerned,
with all the hope that is possible in the
face of so much conflicting evidence. If

his assertions are true, he will, by another
year, have added at least ten millions to

the value of the iron now made in Great
Britain, taking the value of his professed
improvement at £2 10s. a ton only on
1,000,000 tons. His mode of treating

melted pig-iron is much more expeditions
than puddling, his plant is inexpensive,

and the alleged increase of value of iron

treated by his process is even greater than
we have just estimated. A report to the
Austrian government by Mr. Fred. Kohn
takes an unfavorable view of the Heaton
process, and in the matter of cost,

states as follows : The difference between
the price of phosphoric pig-iron and of

pig-iron which is comparatively free from
phosphorus, is about the same as the
price of the nitrate of soda; it is there-

fore obviously simpler to purchase the

dearer pig-iron, and to produce really

pure steel from it, than to purify the
inferior pig-iron in a certainly very in-

complete manner, and to spend for the

chemicals employed for this purification

the whole balance derived from the differ-

ence in the prices of good and bad pig-

iron.

The points in Mr. Bessemer's letter to

the London " Times " are : 1st.—The in-

ference to be drawn from a previous com-
parison of Heaton's and Bessemer's
processes in the " Times " is that Mr.
Heaton can by his process produce, from
a cheap and inferior pig-iron, steel of a
similar character to that obtained from a
more expensive raw material by the Bes-
semer process. That is, however, far from
being the case, for Bessemer steel is cast-

steel—that is, steel made into a perfectly

homogeneous mass while in a fluid state

—

and to that circumstance alone owes its

great value as a material for the manu-
facture of railway bars, etc. 2d.

—
"When-

ever solid substances are converted into

gas, a vast amount of heat is absorbed and
rendered latent ; hence in the Heaton
process so much heat is abstracted from
the metal in generating oxygen gas by the

decomposition of nitrate of soda that the

metal solidifies while in a state of me-
chanical admixture with the sand and
soda, and thus, instead of obtaining fluid

cast-steel by his process, Mr. Heaton ob-

tains only a lump of spongy, porous metal,

intermixed throughout with slags and
scoria, and having the general character-

istics and properties of ordinary puddled-
iron or puddled-steel, but which is only

obtained at a cost (for nitrate of soda)
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of more than double that of the ordinary
puddling process. 3d.—The Heaton crude
metal may, in common with puddled-iron
of every description, be made into cast-

steel by resorting to the old and costly

Sheffield process of melting in crucibles,

a process which consumes about 3| tons

of coke for every ton of metal so melted,

and with the additional cost of wages,
crucibles, etc. ; this melting process alone

costs from £5 to £6 per ton. Hence, al-

though Mr. Heaton starts with a cheap
pig-iron, giving him an advantage of 20s.

to 30s. per ton over the cost of the Besse-
mer raw material, he nevertheless employs
for the conversion of 1 ton of pig-iron (ac-

cording to Dr. Miller's report), no less

than 270 pounds of nitrate of soda, which,
at the present market price of 15s. per
cwt., is equal to 36 s. on the ton of crude
iron, thus bringing up the cost of the ma-
terials employed in making 1 ton of crude
steel by the Heaton process several shil-

lings per ton above the cost of the high-
class iron used in the Bessemer process

;

and we must add to the cost of the
Heaton crude steel the additional cost of

£5 to £Q per ton for melting.

In Mr. Heaton's reply the points are :

1st.—His plant is very cheap compared
with Bessemer's. 2d.—The cooling effect

Mr. Bessemer refers to is far outbal-

anced in his own process by the cooling
effected in his converter by the prodigi-

ous volume of cold air forced through it

for from 20 to 40 minutes. Which will

carry off most heat, such a volume of air,

or the oxygen evolved from 224 pounds
of crude nitrate to the ton of steel ? 3d.

—

Mr. Bessemer says his steel is a solid

homogeneous mass, entirely free from
scoria or other impurities, whereas mine
is not, owing, he says, to the "mechani-
cal admixture with the sand and soda."
This is not the case. The slag, owing
to its small specific gravity and to its ex-

treme fluidity, rises to the surface of the
molten metal, leaving the subjacent steel

free from slag or scoria. It is not the
fact that sand, is necessarily employed

;

but were it so, the proportion of alkali

is so great that the slag formed would be,

and is, perfectly liquid, and is not mixed
in any sensible quantity with the mass of
steel in the converter, upon which it floats,

as I have already observed. 4th.—As to
the statement that " Heaton obtains only a
lump of spongy porous metal, intermixed

throughout ivith slag and scoria," he
says : Steel from my converters passes
at once either into my patent reverbera-
tory furnace, or into a furnace of Mr. Sie-

mens, and is kept in a molten state and
thence run into ingots, as homogeneous
and to the full as good as Mr. Bessemer's.
Mr. Bessemer knows that his own sttel

has been proved by Mr. Siemens to be
greatly improved by being thus kept for

some time in fusion after it has been
poured out of his converter as Bessemer
crude steel. It is, therefore, not a fact

that my " crude metal can be made into

cast-steel only by resorting to the old and
costly Sheffield process of melting iri cru-

cibles." 5th.—With reference to the ni-

trate employed : But the circumstances
under which the experiments of Dr. Mil-
ler were carried on were purely excep-
tional, and the proportion of nitrate

usually employed is not, as Mr. Bessemer
states, 270 pounds, at a cost of 36s., but
224 pounds, at a cost of 28s. 6d., taking
the extraordinary high prices of nitrate

that at present prevail. Ten per cent, of

nitrates is all that I have found necessaiy
for the production Of a ton of steel from
inferior brands, and considerably less than
10 per cent, for superior brands. 6th.

—

As to quality, Mr. Heaton says : I have
but just turned out 40 tons of steel rails

direct from my converter, without any re-

melting, rails of a fine fracture, neither
" fibrous " nor " laminated," but quite as

homogeneous as Mr. Bessemer's, resisting

the ordinary mechanical tests for steel

rails, and produced at a cost with which
no Bessemer steel can compete. Further,

such orders are in course of execution.

To which Mr. Bessemer replies in

another long letter to the " Times," sub-

stantially this : Heaton's apparatus is less

perfectly developed, and therefore less

costly, but 10 per cent, on the cost of the

Bessemer apparatus does not amount to

over 2s. per ton on the steel produced. As
to the cooling action of the air, the heat

actually produced in the Bessemer vessel

is the most intense known in metal-

lurgical operations. That the Heaton
metal is not produced in a liquid state,

and has therefore to be melted by an-

other operation, in order to be as sound
and valuable as Bessemer's, viz., steel, is

officially stated by Dr. Miller in his re-

port, and by Mr. Heaton. The former
says, the product of the converter was
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poured on the floor in a pasty state, and
then broken ivp and melted in pots.

Mr. Heaton mentions, in his cost sheet,

£5. 10s. per ton for remelting in cruci-

bles. He also told Mr. Bessemer, as a

reason why he should not be proceeded
against as an infringer of the Bessemer
patents, that he did not produce ingots of

fluid steel by his (Heaton's) process. Mr.
Bessemer admits that his own process

could not make good steel from Cleve-

land iron, but states that the 65s. and 70s.

pig that he does use, makes cheaper steel

than the cheapest Cleveland pig -j- 28s.

per ton for nitrates.

As to the invalidity of the Heaton pa-
tents for the use of nitrates, Mr. Bessemer
replies at great length, citing some old

patents;* and stating that he was himself

the first to make steel by purely chemical

means—by simplypassing oxygen through
the molten iron without the use of fuel,

and that his patents claim the use for

this purpose, of any oxygen-bearing sub-

stance. Mr. Bessemer says he has recent-

ly obtained patents for means of using

the nitrates, in order to protect himself

from farther inroads by Mr. Heaton.
Some tests have recently been made by

Mr. Kirkaldy on a steel said to be Hea-
ton's, the result being very uniform, and
showing 23 tons tensile strength and 20

to 28 per cent, elongation in breaking.

Mr. Heaton states that a remelted tool

steel in one-half inch bars, from very im-

pure Cleveland pig, stood above 53 tons.

Some of the London authorities do not
believe that these tests were made on the

Heaton steel. Mr. Heaton's statements

conflict with other statements previously

published by witnesses of the process, and
by the analyst of the product. Until the

doubts thus thrown upon the process are

explained away, it is impossible to believe

that Mr. Heaton has as yet made any
great advance in the manufacture of cheap
iron and steel. We do not think, how-
ever, with some of our contemporaries,

that the process is of no value because-

ironmakers have not yet taken it up.

It is also possible that there is value in

the nitrates as purifying agents. If so,

it should appear that Mr. Bessemer's
mode of applying them, described in the

last number of this magazine, is more rea-

sonable and hopeful than Mr. Heaton's.

*See Van Nostrand's Magaz ;ne, Vol. I., No. 1, page 77.

ENGINEERING IN THE MISSISSIPPI VaLLEY.
General Boberts, U. S. A., sets forth

in a remarkable paper, that the dyking of

the Mississippi is obstructing the creative

laws of delta bottoms, by emptying into

the Gulf the material that if spread over
the land would improve its quality and
raise its level. He proposes to feed the
Mississippi from the great Lakes, by way
of the Rum River and the Illinois River,

and connecting canals, and to feed the
Ohio from Lake Erie, by way of the Bea-
ver River.

THE MONT CENIS TUMEL.

PROGRESS OF THE WORK ENGINEERING DIF-

FICULTIES THE BORING MACHINES.

Perhaps no work ever undertaken by
men was more daring than the attempt to

pierce the Alps with a tunnel. Nature
seems to have upreared these mighty
barriers as if with the design of showing
man how weak he is in her presence.
Even the armies of Hannibal and Napo-
leon seemed all but powerless in the face

of these vast natural fastnesses. But the
barrier which man had scaled of old, he
has now undertaken to pierce. And the
work, bold as it seemed, is three parts
finished.

The Mont Cenis Tunnel was sanctioned
by the Sardinian government in 1857,
and arrangements were made for fixing

the perforating machinery in the years
1858 and 1859. But the work was not
actually commenced until November,
1860. The tunnel—which will be fully

1\ miles in length—was to be com-
pleted in 25 years. The entrance to

the tunnel on the side of France
is near the little village of Four-
neau, and lies 3,946 feet above the level

of the sea. The entrance on the side of

Italy is in a deep valley at Bardoneche, and
lies 4,380 feet above the sea level. Thus
there is a difference of level of 434 feet.

But the tunnel will actually rise 445 feet

above the level of the French end, at-

taining its height at a distance of about 4
miles from that extremity ; in the remain-
ing 3| miles there will be a fall of only 10
feet, so that this part of the line will be
practically level.

The rocks through which the excava-
tions have been made are for the most
part very difficult to work, and largely
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consist of crystalized calcareous schist,

much broken and contorted ; through

this rock run in every direction large

masses of pure quartz. The perforating

machines are calculated to work best

when the resistance is uniform ; and it

has often happened that the unequal re-

sistance offered has resulted in injury to

the chisels.

But before the work of perforating be-

gan, enormous difficulties had to be con-

tended with. It will be understood that

in a tunnel of such vast length, it was
necessary that the perforating processes

carried on from the two ends should be
directed with the most perfect accuracy.

It has often happened in short tunnels

that a considerable but not fatal want of

coincidence has existed between the two
halves of the work, but in the Mont
Cenis tunnel any inaccuracy of direction

would have been fatal to the success of

the work, since when the two tunnels

should meet it might be found that they
were laterally separated by two or three

hundred yards. Hence "it was neces-

sary," says the narrative of the official

survey, " to prepare accurate plans and
sections for the determination of the

levels, to fix the axis of the tunnel, and to
' set it out' on the mountain top ; to erect

observatories and guiding signals, solid,

substantial, and true."

"When we remember the nature of the
passes over the Cenis, we can conceive
the difficulty of setting out a line of this

sort over the Alpine range. The necessi-

ty of continually climbing over rocks,

ravines, and precipices in passing from sta-

tion to station, were as nothing when com-
pared with the difficulties resulting from
the bitter weather experienced on those
rugged mountain heights. The tempests
which sweep the Alpine passes—the ever-

recurring storms of rain, sleet, and
driving snow, are trying to the ordinary
traveller ; how terribly they must have
interfered with the delicate processes in-

volved in surveying. It often happened
that for days together no work of any
sort could be done, owing to the impossi-
bility of using levels and theodolites. At
length, however, the work was completed,
and that with such success that the great-
est deviation from exactitude was less

than a single foot for the whole length of
seven and a half miles. Equally remark-
able and extensive were the labors con-

nected with the preparatory works. New
and solid roads, bridges, canals, maga-
zines, workshops, forges, furnaces, and
machinery had to be constructed ; resi-

dences had to be built for the men, and
offices for the engineers ; in fact, at each
extremity of the tunnel a complete estab-

lishment had to be formed.
According to the latest advices the work

proceeds at a rate fully equalling the origi-

nal expectations of the engineers. Of
12,220 metres—the total length of the
tunnel—no less than 8,958 have been com-
pleted. It is hoped that the remaining
3,262 metres will be completed early in

the year 1871.

—

Baihvay Record.

With regard to the machines used in

driving the tunnel, each is formed of a
pah' of bars, about 6 feet long, having be-

tween them the 3-inch cylinder by the pis-

ton of which the boring tool is actuated.

The cylinder is not fixed to the frame-bars,

but is capable of sliding on them, motion
being given to it by a large worm at its

hind end, which gears into racks formed
on the inner sides of the frame bars. The
cylinder is 3 inches in diameter, and its

piston has a rod about 2 inches in diameter,

there being thus but a comparatively small

annular area on the front of the piston on
which the air continually presses. At the

hind end of the frame-bars of the machine
is placed a miniature engine, worked by
compressed air— this engine driving,

through a bevel gear, a square shaft,which
extends nearly the whole length of the
machine above the boring cylinder. This
shaft, by means of a cam, drives the slide-

valve of the boring cylinder, and also gives

intermittent rotary motion to the tool, and
also the necessary advance to the cylinder

as the hole is bored. By an ingenious
automatic device, the worm is thrown out
of gear when the cylinder cannot advance
by reason of the hardness of the rock.

Each boring machine weighs about G

cwt., and as the wear and tear to which
they are exposed is very severe, it is found
necessary to keep from three to four ma-
chines in reserve for each one at work.
The boring bars are of various forms and

diameters. The Z and double Z or crown
borers are those most used, but for some
kinds of rock other forms are found prefer-

able. The holes are e-enerallv about 1\
inch, in diameter. In working through
some of the very hard quartz it was found
that the shots flew back from the ordi-
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nary holes without producing any disrup-

tive effect on the rock, and the plan was
therefore adopted of first boring several

holes 4 inches or 5 inches in diameter, and
then disposing some ordinary holes round
these. When the charges in the ordinary
holes were fired, the portions of the rock
between them and the central hole were
blown out, and a cavity thus formed,
around which other shot holes were bored.

The borers used for the 4-inch and 5-inch

holes are of similar form to smaller bars,

and, like them, they are worked by the
boring machines, but at a slower speed.

—

Mining Journal.

The line is now worked by a temporary
railway (referred to in another column)
over the mountain. This road is 48 miles

long, passing over a summit nearly 6,000

feet above the sea, and has long stretches

of gradients of 1 in 12, and curves of two
chains radius. The gauge is 3 feet 1\
inches.

LOCOMOTIVES OF THE METROPOLITAN
ItAILWAL

Very different types of engines are re-

quired on the various lines in, about,

and under London, but the conditions

do not seem to have been equally well

met by the different locomotive superin-

tendents. On the North London, the pas-

senger business is large, but the goods traf-

fic is immense. Trains weighing over 400
tons are frequently run with, and compel-
led to keep out of the way of passenger
trains. All the new engines are designed

to work goods and passenger traffic alike,

and they are, therefore, of the most power-
ful class, weighing 43 tons, and fitted with

17-inch cylinders, 24-inch stroke, and car-

ing 160 pounds pressure. They perform
their duties admirably, and it is difficult

to see how they could be improved upon.

Thc> engines of the underground rail-

way have the Bissell bogies, which appear
to answer their purpose very well.

Whether it is or is not possible to dis-

pense with bogies it is not easy to say,

as the underground line affords very con-

flicting testimony. The engines of the

Midland Company, to work their city

traffic, are very similar to the standard
type, with the exception that they have 6

instead of 8 weels ; but their use has
been protested against by the engineers

of the Metropolitan line, on the ground
that, owing to the comparatively long and

rigid wheel base, they injure the perma-
nent way. On the other hand, Mr. Fow-
ler designed 6 coupled engines without
bogies to work the St. John's Wood traffic,

from which we gather that he did not
deem a flexible wheel base essential; these
engines, however, are more often found
standing in their sheds than running.
The Great Western Company, too, have
introduced 6 coupled, 4-feet broad gauge
drivers without bogies, which work regu-
larly and give satisfaction. All the engines
we have named are remarkable for the
facility with which they start their trains

and the shortness of the distance within
which they attain their maximum velocity.

The Metropolitan Extension is worked
by 3 different types of engines. One class,

weighing 33 tons, has 6 wheels, 4 coupled,
16-inch cylinders, 22-inch stroke, and 5

feet 6 inch drivers. The trailing wheels
are placed directly under a large tank,

and fitted with Mr. W. B. Adams' radial

axle boxes. These engines are used alike

by the Great Northern, and the London,
Chatham, and Dover Company. Both
classes are run with either end leading,

and for this kind of work they are not
the best. The radial axle box is not well

adapted for leading wheels, and the en-

gines oscillate very much when running
tank-end first. A greater defect lies in

the fact that the tanks are so high that

the drivers cannot see over them. This
latter evil was felt so severely in the case

of the London, Chatham, and Dover en-
gines, that Mr. Martley has recently cut

1 foot or 18 inches off them with great ad-
vantage.

The next type of engine has side tanks
and 6 wheels, 4 being coupled with 15-

inch cylinders, 22-inch stroke, and 5 feet

6 inch drivers. They are good little en-

gines, run steadily, and cost little for re-

pairs; thanks principally to the consider-

able dimensions given to the machinery,
which is unusually heavy in proportion to

the diameter of the cylinders.

Lastly, the Metropolitan Extension is

worked by small tank engines with out-

side cylinders, 15 inches diameter, and 22-

inch stroke; 6 wheels, 4 coupled, and
Beattie's patent boiler and fuel-heating

apparatus. They are, in some respects,

the best engines on the line. Though
small, they get away quickly with their

trains, make an abundance of steam, and
are essentially more " livery" than any of
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their rivals. None of these engines ap-

pear, however, to be the best that could

be adopted in working this line; they are

all too large and heavy for the slow speed

adopted on this line. With the exception

of short inclines at the ends, the road is

nearly level, and according to modern no-

tions, without expressively sharp curves.

—

The Engineer.

ACCUMULATOR COTTON PRESS.

From a paper by Mr. Baldwin Latham, read before the So-

ciety of Engineers, Dec. 7.

"While the cotton culture in India was
in its infancy, the quantity produced was
too small to create a demand for any spe-

cial baling apparatus. Machines were
sent out from England, but they were of

a very primitive kind. Screw presses,

something like those used for making
cheese, were contrived. The next step

was to work the vertical screws by bevel

gearing and a winch. Then, as the cot-

ton trade grew in importance, there was
devised a number of inventions and con-

trivances, some by engineers and others

by the cotton growers, whose ingenuity

was stimulated by necessity. Levers,

screws, and wedges were tried alone and
in combination. The use of hydraulic

pressure naturally suggested itself for

trial, but it was not very successful; no
very great power was obtained, and the

process by pumping was slow. Gradually,

improvements were made in the lever

presses, and these were generally preferred.
Some of them may be mentioned. A Mr.
McComb took great pains to make a good
baling machine, and patented several of

his improvements. His cotton was forced

up by two compound levers, drawn to-

gether by a chain worked by hand or

steam.

Mason's press had somewhat the same
principle of levers, but was worked in a

different way. A horizontal engine drove
2 machines, the crank-shaft running
right and left from the engine. By gear-
ing, a shaft parallel to the crank shaft

was driven at a reduced speed, and by
means of right and left-hand screws on
these shafts 2 powerful levers were
drawn together and forced upwards
against the follower of the cotton box.

Both these presses are still in favor, and
are used in considerable numbers. Hod-
gart's press embodies a very ingenious

combination of hydraulic and lever pow-
ers. The process by pumping being in

ordinary presses slow, it was here endea-
vored to reduce the quantity of water ne-
cessary to be pumped by having a ram of

small area, and by multiplying the power
so gained by the levers. This press, at its

usiial rate of speed, will pack 10 bales

per hour, and it is possible to do 14; but
this is too severe labor for the men. At
the time of the Abyssinian expedition, hay
was packed for the troops at the rate of

15 bales per hour; but this was an excep-
tional and extraordinary speed.

The Bombay Press Company uses Nas-
myth's press, which is one of the best

that has yet been invented. The press-

ure is effected by 3 hydraulic rams placed

side by side. At the beginning of the

stroke, while the cotton is in a pliable

state, the power is applied by 1 cylin-

der only. Towards the end of the stroke,

the other 2 rams are also set in motion,

the 2 cylinders having been filled with
water, so as to save time in pumping when
the power is applied to them.
There are in America a vast number of

inventions for all processes connected
with cotton. Levers and screws, hydrau-
lic and steam pressure, have been com-
bined in many different ways, and with
varying success. Wood is more used in

America than in England in the construc-

tion of machines, and machines so made
would not probably find favor elsewhere.

Very likely English machines would be
condemned there. As one of the incid-

ents arising out of the war, when the

Southern ports were shut out from the

rest of the States, the blockade runners

took over English made presses, and
among others some of McComb's, but they

found no purchasers. Every other detail

of cotton packing is studied by inventors

in the States, and the correspondent be-

fore referred to, says that there are some
fifty different patents even for modes of

fastening the baling hoops.

Mr. George Ashcroft has patented a

machine in which he obtained the power
of hydraulic pressure combined with ra-

pidity. The first and easy pressure on
the cotton was rapidly effected by a steam
piston, only the final and severe pressure

being given by a hydraulic ram. This

press worked satisfactorily, and would
probably have been pushed to success by
the inventor had he not thought of some-
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thing better, viz. : the application of the

accumulator.
While in theory there is no limit to the

force that can be exerted by hydraulic

pressure, in practice the difficulties com-
mence at a certain point. A maximum
pressure of 2 tons to the square inch

has been employed; but then it is neces-

sary to have a large area of rani to obtain

the required total, and to get this with 1

cylinder involves practical difficulties,

which increase very rapidly with the di-

ameter of the cylinder, viz., the risk of

spongy castings and parts inconveniently
heavy and difficult to transport. In Mr.
Ashcroft's invention, the required area is

obtained by placing 3 cylinders with 8-

inch rams side by side, and these giving

a total area of 150 inches, a force of 300
tons is produced.
The box in which the cotton is pressed

is made entirely of wrought-iron, strong-

ly framed, and the upper part of it, where
the ultimate pressure is received, is of

considerable thickness. This part of the
box is planed all over, so as to present a
true and smooth surface to the cotton.

The doors are made so that 3 of the 4
sides can open. The "accumulator" is of

the well known simple kind, consisting of

a cylinder and ram, the latter supporting
a weight box which moves up and down
in guides. The 3 hydraulic pumps of

equal size are driven by a pair of horizon-
tal engines.

The mode of working is as follows :

The house consists of a ground floor and
two floors above. Upon the ground floor

are fixed the steam-engine, the pumps,
the press, and the accumulator cylinder.

The framework of the press reaches
through the floor to the top of the cham-
ber above. In the uppermost chamber
the loose cotton is stored. On the centre
floor are the handles for working the
valves. During the whole time of pressing
and baling the cotton, the engines and
pumps are at work. The accumulator
box is forced up with a pressure of less

than 1 ton to the inch. The men upon
the top floor having placed the bagging
in the box, and filled it with loose cotton,

which they trample down, the men below
push round the revolving boxes (a special

feature of the invention), so that the cot-

ton-filled box is over the rams. The
boxes revolve upon a strong vertical

column, the weight being taken on balls,

which rest upon a collar. A portion of

the floor revolves with the boxes.

The hooping irons having been placed
in recesses at the top of the press, the en-
gineer opens the valve which admits the
high-pressure water to the rams. At
once the accumulator descends, and the
3 rams of the press ascend, forcing the
loose bottom of the box upon the cot-

ton. But as the accumulator descends
the pumps being still at work, they, in

some measure, restore the height of the
water column, and the accumulator ram
gently ascends and descends as the water
is thus withdrawn and restored. When
the cotton is compressed upwards as

tightly as the rams can force it, the en-

gineer shuts the valve which admits the
water from the accumulator and the
pumps, and opens one which admits the
water from the differential cylinder. By
means of rams of different diameters, the
pressure given by the pumps is in this

cylinder multiplied. The superior power
thus produced forces up the 3 rams,
and with them the cotton, the last few
inches of the stroke to the ultimate point
desired. One of the doors of the box is

then opened, the hoops are fastened, and
then the other doors being opened, the

water in the cylinders is let to waste, and
the rams descend. The elastic cotton at

once expands into the small distance al-

lowed by the hoops, and with but slight

assistance from the workmen the bale

tumbles from the box and falls down a

shoot to the floor below. Meanwhile the

other box having been filled with cotton,

it is pushed round into its place over the

rams, and is in its turn subjected to the

pressure of the water, and so the process

is repeated without intermission.

The principle of the accumulator is well

known, and for working cranes, opening
dock gates, and many other purposes, has

been in operation some time. It is pro-

bable that sooner or later some one would
have applied it to baling presses, but at

any rate Mr. Ashcroft has done it, and he
only. Among the merits claimed for this

machine are the following: The simplicity

and smoothness of the process obviates

the excessive wear and tear which is un-
avoidable in machines where the pressure
is obtained by levers or screws. The
friction on the packing leathers is ex-

tremely small. Great uncertainty existed

until recently on this point, and all
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makers of hydraulic presses differed from
each other on the subject. Professor

Rankine gave 10 per cent, of the total

load as the amount wasted by the friction

of the leathers, but the whole question

has been most successfully investigated by
Mr. Hicks, of Bolton, who by his experi-

ments, which are recorded in his admira-

ble little treatise published last year,

proves that the friction of the leathers on
an 8-inck ram is about -^—^ part of the

total load, the decimal varying from .003

to .005 according as the leathers are more
or less worn, and well or sparingly lubri-

cated.

The revolving boxes are an ingenious

part of the machine, and by their arrange-

ment obviously save much time. Twenty-
five or more bales can be packed and
hooped per hour. In Alexandria the ac-

cumulator press is in full operation, and
at Bombay also it is exciting much in-

terest among the cotton merchants, some
of whom are now in treaty with a view to

its adoption there.

THE SUEZ CANAL.

From a letter to the London " Times,"

by Captain Macgregor, of canoe " Rob
Roy" fame, we extract the following in-

teresting facts and impressions : The
Suez Canal Company have been fourteen

years at work upon their gigantic labor,

and they announce positively that the

canal will be opened within a year from the

presenttime (November, 1868) . The canal

is to be 100 miles long, and 328 feet

wide (at the water's edge). The depth
throughout will be 26 feet in the middle.

The direction is nearly north and south,

with a few turnings, but no locks or

bridges. There will be a slight tidal cur-

rent along it, but no one can say at what
intervals. Already about 50 miles of the

cut is filled with salt water, and is tra-

versed daily by numerous small vessels

and some steam-launches and mailboats.

The sensation of wonder at the prodigious
scale of the operations in progress in-

creases day by day as one moves along
what seems to be a wide river, with vil-

lages on the banks and smoky funnels and
white sails on the surface. Of this 50
miles many parts are not wide enough yet
for large vessels, and only a small portion
k excavated to the full depth. The re-

mainder of the canal is more or less dug
out. While some parts are quite dry,

others are put under water to moisten
the sand; others have great blastings of
rocks, and one long section of 20 miles
has to wait until the sea is admitted into
the great dry basin of the future lake.

The dredging machines are 40 in num-
ber, and each of them cost £40,000 (?).

They deliver the sand to barges to be car-

ried out to sea, or pile it upon the banks,
in some places to a height of 50 feet. The
expenses at present amount to £200,000
every month, and the work has already
absorbed £8,000,000 sterling.

Port Said, the town at the north en-
trance of the canal, is built of wood, with
wide, straight streets, and accommodates
6,000 people of every nation, but with the
Greek and Levantine element largely pre-
ponderating. The two long piers that
form the harbor are made of blocks of

sand, cemented with lime (concrete); each
block weighs 10 tons, and there are 25,000
of them.

Ismailia is a pretty town half-way along
the canal, which here enters the Lake
Timsah. Here the Arabs and their camels
and the jackals of the Desert are along-
side the steamboats, the whirring lathes

and sounding forge-hammers of the com-
pany's workshops. A fresh-water canal
comes hither all the way from Cairo, and
then branches out north and south along
the whole extent of the salt-water canaL
The sweet-water canal is already a bless-

ing to Egypt. It is from 30 to 40 feet wide,

and boats with all sorts of cargoes are
towed or sail through it.

During one day a violent gale swept
across the canal. To look at the Desert
was to see a vast yellow picture of men
and camels dimly floating in a sea of sand
without any horizon. The quantity of

sand, whisked from the plain and cast

into the canal-water by a wind like this

will be a serious matter to deal with. One
ounce of sand per square yard amounts
to 500 tons on the whole canal, and the
wind sometimes blows in this way for a
month together.

At Chaloof I found 14,000 men at work.
They labor very hard, indeed, running up
the hill with baskets of sand on their

heads. About 1,000 donkeys walk in long
lines with neat mat baskets on their backs.

In curious and close contrast to these sim-
ple carriers the mightypower of steam toils
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and puffs as it hurls up huge bulks of

heavy clay, and it is, perhaps, only in

Egypt one could see human and animal

power exerted in such competition with

steam power. The laborers are sent from
all parts of Egypt. They must come, but

they are highly paid—from 2 francs to 3

francs a day. Prices, both of labor and of

food, have risen very much since the canal

has been begun, but the supply of fish has

rapidly increased. The salt water canal

teems with fish.

At this, the Red Sea end, the works of

the canal seem very far behind. The en-

trance port has all the obstacles of a shal-

low mouth, soft and shifting sand for

bottom, and a crooked irregular tide ed-

dying about in a most puzzling way.

When the passage from the Mediter-

ranean to the Red Sea is open to the

world it is intended to tow vessels through

by tug boats working along a chain which
lies at the bottom of the water. Steamers
are not to be allowed to use their own
paddles or engines for fear of damaging
the soft sloping banks of the canal by the

"wash" thus created. The difficulty of

towing a vessel of 2,000 tons in this man-
ner when the wind presses her to one side

is an objection to which I have heard no
feasible answer.

The Italian Technical College of com-
merce is now organized, and will be

opened immediately under the direction

of Signor Farrara, a distinguished Sicil-

ian gentleman, lately Minister of Public

Instruction. This institution is chiefly

intended for young men destined for the

Consular service and for mercantile pur-

suits. The principal languages of Europe
and the East, the various systems of bank-
ing, the principles of commerce, of ex-

change, of book-keeping, and of commer-
cial law will be taught in it. The Ven-
etian Provinces contribute toward its

maintenance 40,000 francs a year; the

city of Venice, the magnificent Foscari
Palace and 20,000 francs a year; the

Chamber of Commerce, 8,000 francs; and
the Government, 10,000 francs.

The Kjkby Reaper Factory of D. M. Os-
borne & Co., Auburn, N. Y., com-

prises 8 large buildings, employs 300 men,
and turned out 5,300 reapers in 1868.

WORKING THE SOLAR RAYS.

The possibility—we are inclined on gene-
ral principles, to say the probability—of

utilizing the direct heat of the sun, as

proposed by Capt. Ericsson, is the
grandest scheme that science has pre-
sented to man. It should almost appear
that the Creator has laid up a little con-
densed heat in the coal mines for our use
during our school-time ; a little con-
densed milk for our babyhood in science

;

and that when we are grown and learned,

we shall draw power from its original

fountain. The facts regarding the heat
of the sun, as quoted and developed by
Capt. Ericsson, together with the re-

cently acquired and equally startling

knowledge, that our garnered stores of

power are not as eternal as the hills, render
such a conclusion reasonable and hopeful.

Capt. Ericsson has not yet told us
hoiv he concentrates the solar rays, but
promises to do so in due time ; mean-
while, the experiments and conclusions
referred to are interesting and may be
thus briefly stated.

Sir John Herschel's experiments relat-

ing to solar heat, were conducted at the

Cape of Good Hope. His apparatus con-
sisted of a tin vessel 3| inches diameter,

2| inches deep, open at the top, and par-
tially filled with water darkened wTith ink.

This was exposed to the immediate action

of the rays of the sun in a stationary posi-

tion for 10 minutes. The amount of ra-

diant heat communicated wras deduced
from the increase of temperature of the
water during the 10 minutes' exposure to

the oblique rays. Owing to changes in

the atmosphere, the elevation of temper-
ature was not quite alike at each trial.

Adopting the mean, he calculates that,

near the earth's surface, the energy of

the sun is such that the radiant heat is

capable of melting an inch thickness of

ice in 2 hours, 12 minutes, 42 seconds.

M. Pouillet's experiments relating to so-

lar heat, like those of Sir John Herschel,
had reference only to very low tem-
peratures, the range of the thermometer
scarcely reaching 00° C. The apparatus
he employed was very similar to that
of Herschel. It consisted of a cylindrical

vessel of silver, 1 decimetre in diameter
and 15 millimetres in depth ; but being
provided with a close top, it admitted of

being fully charged with water, besides
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Ericsson, on the

to ascertain what
developed at the

admitting of an inclined position, which
permitted the rays to act perpendicularly

on the blackened metallic surface. The
disadvantages attending oblique action,

not to mention the intricate question of

evaporation during the trial, were thus

avoided. A thermometer was inserted in

the fluid, and means provided for proper
agitation during the trial. The exposure

to the sun was limited to 5 minutes, and
the elevation of temperature during that

brief time formed the basis of all his cal-

culations.

These experiments, although interest-

ing, are not satisfactory, as they deal with
low temperatures. The purpose of Capt.

other hand, has been
amount of heat can be
high temperature ob-

tained by concentrating the solar rays,

viz., bringing their power to bear on a

reduced surface, and to devise the most
efficient means for effecting such a con-

centration of the radiating heat. His
experiments made under temperatures
varying between 212° and 480°, and con-

tinued during nearly a year, tend to show
that the problem cannot be solved by 5

and 10 minutes' trials restricted to tem-
peratures some half-dozen degrees above
that of the atmosphere. The results re-

corded by Pouillet, reveal discrepancies

pointing to atmospheric influence, which,
when properly understood, will modify
the conclusions hitherto so confidently

drawn.
Regarding the main result of the in-

vestigations of Herschel and Pouillet

there can be no doubt. A body present-
ing a square foot of surface perpendicu-
larly to the sun at noon, during summer,
will, under favorable circumstances, re-

ceive about 5 units of heat per minute.
This fact Capt. Ericsson has fully proved
by concentrating the radiant heat of sun-
beams of various sections from 650 to

5,180 square inches, hence fully 500 times
more powerful than the sunbeams to which
the " actinometer " and " pyrheliometer "

have been exposed.
Investigations conducted only during

the Hummer being insufficient to settle

the important question, Capt. Ericsson
is making a series of experiments this

winter, with instruments so contrived
that the loss of heat by radiation will be
almost inappreciable. It is hoped, there-
fore, that a satisfactory explanation of

existing discrepancies will be furnished.

In order to facilitate these investigations,

a small observatory has been erected over
a building some 60 feet above ground,
turning on a pivot by mechanism resem-
bling that of a monitor turret. Still fur-

ther to facilitate the work, the tables which
support the instruments have been pro-
vided with mechanism by which they are
kept perpendicular to the central ray of

the sun during the experiments.
Capt. Ericsson's conclusions as to the

power of the sun's rays are as follows:

At the high temperature requisite for steam-
engines, the heating power of the sun on
a surface of 10 feet square will evaporate
on an average 489 cubic inches of water
per hour, by means of his mechanical
contrivance for effecting the necessary
concentration. This evaporation demon-
strates the presence of sufficient heat to

develop a force capable of lifting 35,000
pounds 1 foot high in a minute, thus ex-

ceeding 1-horse power.
The mean distance from the centre of

the sun to the earth being 214.44 times
greater than the radius of the former, it

will be found by squaring this sum that

1 superficial foot of the sun's surface

must heat 45,984 superficial feet of the

earth. In other words, the sun on an equal
surface throws off 45,984 times more heat
than the earth receives. "We are there-

fore enabled, on the strength of the prac-

tical result now positively established, to

infer that an area of 10 feet square on
the sun's surface developes heat enough
to actuate a steam-engine of 45,984-horse
power, demanding a consumption of more
than 100,000 pounds of coal every hour.

But as one-half of the heat conveyed by
the solar rays is lost during their pass-

age through the atmosphere and through
the apparatus by which the temperature
is elevated to the necessary high degree,

the actual development of heat, on the

supposed 10 feet square of the surface

of the sun, will therefore equal the amount
of heat generated by the consumption
of 200,000 pounds of coal per hour.

In pointing out what amount of me-
chanical power may be obtained by oc-

cupying a Swedish square mile with solar

engines, Capt. Ericsson assumes that one-

half of the area is set aside for necessary
roads, houses, etc., an available area

would remain of 18,000x36,000=648,-
000,000 superficial feet on which the
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radiant heat might be concentrated. His
experiments having shown that the con-

centration of the solar heat on 100 square

feet of surface is more than sufficient to

develop a horse power, it follows that

64,800 engines, each of 100-horse power,
may be kept in motion by the radiant

heat of the sun on a square mile, or that

the sun's rays which now waste their

strength on the house-roofs of Philadel-

phia, would be able, if condensed, to set

in motion 5,000 steam-engines, each of

20-horse power.
As to practical results Capt. Ericsson

says : It is true, that ike solar heat is

often prevented from reaching the earth.

On the other hand, the skillful engineer
knows many ways of laying up a supply
when the sky is clear and that great
store-house is opened where the fuel may
be obtained free of cost and transporta-

tion. At the same time a great portion
of our planet enjoys perpetual sunshine.

Capt. Ericsson had at the beginning of

the last year constructed 3 different

motors, called solar engines. One of these

is actuated by steam formed by the con-
centration of the heat of the solar rays,

while the other 2 are actuated by the

expansive force of atmospheric air, heated
directly by concentrated radiant heat.

Some of his more recent experimental
engines, the working cylinders of which
vary from 2 inches diameter to 5 inches
diameter with 6 inches stroke, are operat-

ed by atmospheric air heated to a tem-
perature of 480° by concentrating the

sun's rays; others are operated by steam
of much iower temperature generated
likewise by concentrating the radiant

heat. The speed attained has in no case

been less than 100 revolutions per minute,
while a regular and continuous rate of

300 revolutions per minute has been
reached. The construction of these ex-

perimental engines, present no features

of special novelty. The mechanism, how-
ever, adopted for concentrating and trans-

mitting the solar energy to their work-
ing pistons, is peculiar, and at the proper
times, plans and descriptions will be
published.

Excelsior Machine "Works, Chicago.—
These works employ 75 men on wood

work and wood working machinery. The
principal building is 270X60 feet.

The Charleston Phosphates.—The "New
York Tribune " of Dec. 19, has an ex-

haustive article on the history and utiliza-

tion of this important discovery. The
" fish bed of the Charleston basin," so

called because of the remains of marine
animals found in immense quantities

there, crops out on the banks of the Ash-
ley river near its mouth, and on various
neighboring rivers, and extends inward
40 or 50 miles. The marl or conglome-
rate of this basin is already ascertained

to be 12 feet deep in some places, and to

contain as much as 67 per cent, of phos-
phate of lime in some instances. Al-

though its existence had long been known,
its value was not ascertained till after the

war, and even then it was difficult to en-

list Southern capital in it. The necessary

aid was obtained in Philadelphia, and
now 5 companies with ample capital are

mining the rock, and manufacturing the

phosphates for agricultural purposes.

The credit of discovering the value of the

deposit, and of persistently calling atten-

tion to it, seems to be due to Dr. N. A.

Pratt of Charleston.

Temperatures of various substances, su-

perheated steam for instance, may
often be conveniently ascertained by the
melting points of alloys. The following

are the fusing temperatures of various

alloys of lead and tin :

Lead. Tin. Centigrade. Fahrenheit.

7 parts. 4 parts. 213° 416°

7i " 4 " 221 430
8 " 4 " 225 437
8£ " 4 •' 232 455

10 " 4 " 241 466
14 " 4 " 252 484
19 " 4 " 262 504
30 « 4 « 274 524
48 " 4 •' 275 544
55 " 4 •' 289 553

Linseed oil boils at 312.40°.

Lead melts at 319°.

Schools in Chicago.—They are as fol-

lows: a high school, 21 grammar, and
6 primary schools, which are public; also

some 50 private grammar schools, various

Roman Catholic, medical and law schools,

and the Chicago University. The num-
ber of scholars in the public schools in

1867, was 30,000, the total cost per
scholar, $23.84, the number of teachers

401, the value of public school buildings

$800,000.
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COMMUNICATION BETWEEN ENGLAND AND
FRANCE.

A new impulse has been given to this

ever-recurring question, by the fact that

a French port was recently unable to give

shelter to a mail steamer bound for the

shores of that country, and which, after

beating about the Channel for twelve

hoiu-s, was compelled to return to the

harbor from which it started. The
various plans put forward for better com-
munication, are classed by the " Mechan-
ics' Magazine " under one of three heads
—submarine, transmarine, and superma-
rine. Under the first are included the

tunnel and the tubular projects, the dif-

ference between them being that the tun-

nel whether of iron, masonry, or brick-

work, must be placed in the earth,

whereas the earth must be piled around
and on top of the tube. The tunnel
must be excavated or laid under the

earth; the tube lies along the surface

constituting the bed of the Channel. The
object of the covering of earth over the

tube in either instance is the same, viz.,

to preserve the top from being injured by
ships' anchors, dredgers, sunken vessels,

or other external disturbances. Of these

two methods, the tube would probably
have the advantage in point of time, but
great difficulty would attend the junction

of the several lengths. The transmarine
classification embraces two plans,—that

of a solid embankment and that of a

gigantic ferry. A solid embankment, as

it must be sufficiently high to be above
the level of the greatest wave, partakes
of the nature of the third class, and might
also with propriety be termed intrama-
rine. This plan is altogether Utopian.
Neglecting aerial means of transit, a bridge
is the sole representative of the third
category.

The objections to the tunnel and tube
are, the unsubstantial character of the
scheme, the complete uncertainty of the
time to be occupied in its construction,
and the total want of precedent. Assu-
ming that everything proceeded as favora-
bly as possible, it would take nearly
twenty years to finish the job, calculating
that the rate of progress could not be
greater than that at present obtained at

Mont Cenis. On this subject " Engineer-
ing" says: "Setting aside the difficul-

ties of such a work, the inextricable

complications which would arise between
the two countries in the event of the
peaceable relations between France and
England being interrupted, and the

precarious length of life of the tunnel
if completed, the length of time its con-

struction would involve, the enormous
outlay of capital, and the enormous loss

upon locked-up money lying idle during
the formation of the work,—each of these

reasons is sufficient to dispose of tbe tun-

nel question forever. Moreover, during
the 20 or 30 years such a scheme would
require for completion, the necessities of

the increasing traffic would certainly be
satisfactorily accommodated, and the mil-

lions expended upon the tunnel would
have been literally thrown into the sea."

The ferry scheme of Mr. John Fowler
is as follows: It is proposed to construct

at Dover a harbor of about 24 acres ex-

tent, protected on the east by the old

pier, and on the south by a new pier carry-

ing a railway. A suitable harbor would be
constructed at Calais or more probably
near Cape Griz Nez, where there is deep-
er water. The vessels to be 450 feet by
85 feet over all, and 53 feet beam, and to

draw 12 feet. The engines to be 1,200
nominal horse-power, and the speed some
20 miles an hour. The trains are to be
run bodily upon the boats, as in the
American system. Four vessels, costing

£120,000 each, are contemplated. Of this

scheme the " Mechanic's Magazine " says

:

What is required is a connecting link

between the two shores which is totally

independent of the intermediate barrier,

and this result is manifestly not obtained
by the agency of a ferry. It is an altera-

tion of the present arrangement in degree
only, not in kind. For a time it would
be considered a great boon, but so soon
as the novelty had worn off, the feeling

would arise that it was, after all, but a

makeshift;—a temporary expedient—and
we should return to the reconsideration

of the more permanent systems now
claiming public attention.

Of the bridge scheme, the same author-

ity says : Allowing about 1,000 feet for

the width of the spaces, they would be, in

round numbers, double those of the Bri-

tannia Bridge, while the height of the

piers above high water woidd be but a
mere trifle in excess of the Britannia piers.

Every engineer will admit that the diffi-

culty is not in the superstructure, but in
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the foundations ; but from the result of

borings recently made, the substratum

appears to be favorable to their being-

got in. And whatever circumstances of

foundation and soil favor the construc-

tion of a tunnel, are doubly advantageous

to that of the bridge, and, consequently,

if no difficulty is to be experienced in

that respect for the tunnel, the argument
against the difficulty of getting in the

piers falls to the ground. "When light-

houses, constructed entirely of iron, and
supported upon iron piles, have been
erected far out at sea, it is absurd to talk

of the great and almost insuperable diffi-

culty of getting in foundations elsewhere

in similar situations. Besides, it would
not be all the piers that wordd give the

same degree of trouble, but only those

situated remotely from either shore.

Another advantage of a bridge would be
that its construction and its utilization

could proceed pari passu, and there would
be no necessity for waiting for its com-
pletion, as in the case of a tunnel, before

its services could be availed of. As each
successive span commencing from the

shores was finished, it could be used as a

jetty, and year by year the opposite

coasts would be in closer contiguity. In
adopting the project of a bridge, there is

not the slightest necessity for departing
from any of the recognized types of con-
struction, either in the sub or super-
structure.

The proposal lately put forward by a
French engineer, Boutet—and given place

to in such publications as the " Journal of

the Society of Arts" and the " Pall Mall
Gazette"—the scheme of floating founda-
tions and spans of a couple of miles, is

simply a chimera, and would not stand
the test of theoretical, much less prac-
tical analysis. M. Boutet, says "Engin-
eering," " proposes to cross the Channel
from the Shakspeare Cliff to Cape Blanc
Nez, by a bridge with 10 openings, or
clear spans, each 3,282 yards long, the
platform of which is to be 360 feet above
the average sea level. He proposes to

construct his 9 iron piers upou the shore,

to float them into place, fastening them
to the bottom with screw-piles, and cov-
ering the structure with gutta-percha to
prevent the adhesion of barnacles and the
deterioration of salt water. And he pro-
poses to lay out the course of the bridge
to which the piers are to be hauled and

sunk, by a buoyed rope, stretched from
France to England. From this range of
stupendous summits, nearly two miles
asunder, M. Boutet stretches cables 2
inches in diameter, and of iron, not steel

;

from 30 to 120 of these cables are ranged
vertically 20 inches apart, the larger
number over the piers being reduced to

the lesser in the centre of the span. The
cables are woven together with smaller
diagonal wire ropes, and cast iron is

thrown in when it is of no service, be-
cause, we presume, it looks well in the
drawing, and gives an air of security to

the flimsy web. The lower side of this

"tress," as the projector terms it, is

curved, but there is no compression mem-
ber designed, and, moreover, none could
be designed which should resist the
enormous strain of the structure, and
give the only value which could be given
to the rest of the clumsy contrivance.

More than that—and this is a point
which the dullest disciple of Boutet can
understand—the projector proposes to
give rise to these trusses of 6 in 1,000,

and so to obtain an increased rigiditj'.

Now, it is absolutely impossible to stretch

a wire between two points, however close

they may be together, without deflection,

because the strain required to do so is

infinite, and in such an extreme case as

M. Boutet proposes, the cables would
break from their own weight long before
any approximation to a horizontal line

was obtained. In fact, allowing the ex-

treme amount of strength to his cables,

and assuming that they could be made
perfectly homogeneous throughout, it will

be found that the strands would part in

the centre before they were within 500
feet of a horizontal line, in other words,
the point of rupture would be attained

when the cables had still to be hauled up
500 feet to get them into position."

Some reasonable sort of bridge, how-
ever, would appear to be the only feasible

continuous work that could be built. It

would cost perhaps twice as much as a

tunnel—the rule of cost is stated to be
three times as much for bridges as for tun-

nels—but it would be completed in a

reasonable time. Thousands of men could
work upon it, while tens of men were at

work on a tunnel.

But before the bridge question is set-

tled, years before the bridge is com-
pleted, the comfort of millions of passen-
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gers is to be secured, and the tranship-

ment of millions of packages of goods
avoided, at a comparatively small ex-

pense, by the running of suitable boats

between England and France. Undoubt-
edly the ferry system, however complete,

will be inadequate 10 or 20 years hence
;

but during that period there should be

at least as decent, comfortable, and eco-

nomical communication as there is, for

instance, between New York and New-
port—a longer, and in parts more ex-

posed route than that across the Channel.

Lead in Tin Vessels.—A report has
been published on the tin and tinned

vessels used in the military hospitals in

France. The metal used for tinning, it

was found, contained from 25 to 50 per
cent, of lead. In vessels reputedly made
of pure tin, the Commissioner found, in

some cases, as much as 15 per cent, of

lead. Such proportions are dangerous, he
says, to the public health, and the Gov-
ernment is recommended to fix a stand-

ard allowing only 5 or 6 per cent, of

lead to be used with tin in utensils in-

tended for culinary purposes, or for

drinking-vessels. The author has proba-
bly over stated the dangers from the use
of utensils composed as he has found;
but it would be well if cheap manufac-
turers in this country would bear in mind
that it is not altogether safe to use a large

proportion of lead.

Explosions in gas works, and in build-

ings where gas is leaking, as well as

in mines, may be prevented by the use of

the Davy lamp. Explosions are often

caused in dwellings, by looking for leaks

in meters and pipes with an uncovered
lamp. At New Village, Mass., five men
were recently killed by the explosion of a

gas holder which they were repairing.

The Davy or the Strive safety-lamp
should be kept ready for use in gas
works, and in all large buildings, such as

hotels and theatres, where gas leaks are

likely to occur.

Pratt, Whitney & Co.'s Machine Works,
Harteord, Conn.—The machine shop

is 220X45 feet, 3 stories, and employs 150
men. Machinery to turn out 500 rifles

per day has recently been completed for

Austria.

CONCREVE BUILDINGS.

Compiled from the " American Artizan," " The Engineer ," etc.

The increased cost of building mate-
rials, has of late led to renewed and
extensive experiments with concrete.
This material has in various forms been
employed for ages, and is said by travel-

lers to be found hard and undissolved after

3,000 years of exposure among the temple
ruins of Nineveh.

This concrete was in all probability
composed simply of a lime mortar, tem-
pered by treading with the naked feet of

the laborers until it became tough and
homogeneous, and then mixed with
broken stone or rubble.

Many attempts have been made in this

country to use a material of this character
in the construction of buildings, but
owing to the slight degree to which the
management of the material in large

masses has hitherto been understood, it

has in many instances cost quite as much
as brick ; the comparative slowness with
which the water is eliminated renders the
wall liable in our northern climate to be
suddenly disintegrated by frost. Because
concrete has answered well in founda-
tions, the conclusion has been too hastily

arrived at, that it would therefore be
equally suitable for houses. The duty it

has to perform in the former case is to

transmit the superincumbent pressure to

the ground ; and the only resistance

that the material is called upon to dis-

play, is that against crushing. To secure

rigidity and stability in unsupported
walls, requires peculiar care and knowl-
edge in selecting and compounding the

materials. All artificial monolithic masses
labor theoretically under the common
disadvantage of their soundness being in

the inverse ratio of their size. Not only
is this true for artificial, but also for

natural substances. These facts have led

to the disuse of concrete for binding rub-
ble into the form of walls, and the adop-
tion of building blocks which are made of

such size that one man may readily handle
them, and which are simply bricks of con-

crete. This system also allows of the intro-

duction of " bond," which does not, strictly

speaking, exist in the rival principles, and
there is, therefore, the absolute necessity

for introducing binders, and joists, as

soon as possible, in their case. The com-
position of these blocks differs from that
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of the ruder concrete in the addition of

hydraulic or Roman cement, by which their

hardening-

is much facilitated. The blocks

are formed in wooden molds, and require

in their manufacture only a moderate de-

gree of skill, the material being made by
combining, in a wet condition, caustic

lime, cement, and sharp sand in about
the proportions of 1 bushel of lime, 6 of

sand, and 4 quarts of cement. The
blocks require considerable time to

harden solidly throughout, and should be
kept under shelter. Some manufacturers
facilitate the manufacture, and also the
hardening, by mixing the ingredients by
machinery, by means of which steam and
hot water are injected into the plastic

mass while mixing.

Recent experiments by a German in-

vestigator seem to show that the costly

hydraulic cement may be dispensed with,

when the blocks are not placed under
water, by employing a kind of mortar
made of slaked lime and finely sifted

sand. Caustic lime, equal to \ of the
sand used, is mixed with the mortar
when required for use; the heat resulting

from its addition induces the formation
of silicates, which quickly harden the
mortar.

It has been suggested that, inasmuch
as the hydraulic cement heretofore so

largely employed, owes its efficacy to the

silicate of alumina contained therein, an
artificial cement may be made for the

purpose, by properly mixing lime with
20 per cent, of dry clay.

A modification of the " block" system,

is the slab system. The difficulties at-

tendant upon it appear to be, principally,

the impossibility of ensuring the perpen-
dicularity of the upright portions of the

house, the squareness of the angles, or
the sharpness of the arrises. The idea of

attempting to raise walls 20 feet and 30
feet in height, by means of small angle
iron uprights and slabs of concrete, from
3 inches to 4 inches in thickness, is a sim-

ple absurdity. The house consists of

nothing but panelling, and one is puzzled
to decide whether one is really inside or
outside, as the walls appear to have lite-

rally no consistency or solidity.

For facilitating the construction of

solid concrete buildings, a Mr. Drake has
taken a patent in England, for the use of

flanged iron plates, supported by iron
uprights secured against the face of the

wall, such plates to be shifted upwards
step by step upon the uprights, and lock-

ed to them in the several positions by pins.

He also claims angle plates to form the
angles of walls ; also the use, to connect
the front and back plates and uprights,

of metal straps with pinholes in them at

various distances, so that the length may
be adjusted to the thickness required.

Several extensive structures are now
erecting in England by the solid method,
among them a large warehouse in Lon-
don 70 feet by 60 feet by 50 feet, which
will no doubt prove a success, because
the work is carried on under the superin-

tendence of those who thoroughly under-
stand the subject, both theoretically and
practically. The Duke of Northumber-
land is constructing a solid cottage of

Portland cement concrete. The founda-
tion set on sand, is 6 inches thick and 18
inches wide ; the walls are 9 inches in

thickness and 2 stories in height. The
roofs are all flat, and are constructed en-

tirely of concrete and old wire rope. The
ceilings are divided into panels by ribs at

right angles, and require no plastering.

A wall on the upper floor is supported
on a concrete beam, 13 feet span ; a large

cistern is formed under the roof, its sides

being the walls of a room ; this will se-

verely test the impermeability of the ma-
terial. No wood is used except for doors,

and no iron, except the old wire-rope.

ri old axd Silvee.—A recent estimate

VX makes the total quantity of gold, in

the form of com, jewellery, vessels, uten-
sils, in fact in all shapes, in the hands of

man, equal in value to £1,200,000,000
sterling. This woidd be 300,000,000
ounces, or 30,000,000 cubic inches, if

converted into a single block, its dimen-
sions would not be less than 26 feet square,

and its weight 10,500 tons. In the shape
of sovereigns placed in a single line on
the ground, each coin being in contact
with its neighbor, £1,200,000,000 sterling

would form a track 4,300 miles in length.

The value of the silver in use is setdown
at £1,000,000,000 sterling in value. This,

in round numbers, would be 4,000,000,000
ounces, or 400,000 cubic feet, measur-
ing 100 feet square by 30 feet in height.

In the shape of shillings, placed in con-
tact and in line, the globe itself would be
more than twice encircled by this amount
of silver.

—

Mechanics' Magazine,
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WATER-SUPPLY FOR CITIES.

IMPORTANCE OF PURE WATER SEWAGE ARTE-

SIAN WELLS PARTICULARS OF EXISTING

WORKS—PUMPING MACHINERY.

From the excellent report of Chas. Her-
many, Esq., Chief Engineer of the Mem-
phis Water Works, we compile the fol-

lowing considerations and facts on this

subject, and they are especially interesting

and important to the inhabitants of towns
not yet well supplied with pure water:

—

One of the first and leading considera-

tions in the selection of abiding places for

man, whether it be the cave of the savage,

the hut of the barbarian, the cottage of

the peasant, the camp of the soldier, the

residence of the man of wealth, or the site

of a large city, is the supply of an ample
quantity of pure and wholesome water.

Nature, however liberal, does not always
make ample provision for supplying the

wants of man, inasmuch as springs, brooks,

and rivers are not sufficiently numerous
to furnish water of suitable quality every-

where where man chooses abiding places;

hence his ingenuity or constructive ability

is called into action, and wells are formed
by excavations in the earth from which
•water is obtained for limited numbers in

localities more or less remote from natural

water-courses.

Quality of Water.—In cities where
large populations dwell upon compara-
tively small areas of land, this mode of

obtaining water fails, both as regards

quantity and quality. Upon the sites of

many towns and cities, wells wholly fail

to furnish water of suitable quality ; hence
rain-water cisterns, constructed under
ground, and located in streets, courts,

alleys, yards, basements, etc., into which
that portion of rain falling upon the roofs

of the houses, and not evaporated or ab-

sorbed, is conducted and stored for use.

These modes of water-supply are very
expensive, considering the limited quantity

and deteriorated quality furnished. The
principal cities of the United States, in

times of sickness or epidemics, had the

prevailing diseases to much greater extent,

and much more aggravated cases, by vir-

tue of the fact that limited quantities of

indifferent or bad water aided climatic

causes in developing and prolonging epi-

demics. In the city of New York, as

early as 1798, while the necessity of a
supply of pure water was already severely

Voi,. I.—No. 2.— 12

felt, Dr. Brown, in a report upon the sub-
ject in the same year, " exhibits circum-
stantially the consumption of water as of

a very small quantity (on account of the
difficulty of procuring it), and subordinate
quality; he considers this as the cause of

a variety of diseases and contagious dis-

orders, especially the yellow fever, wdiich

had recently made great ravages there.

He also considers the state of health of a

populous city as depending more upon the

purity of its water than the quality of all

the rest of its provisions together."

In the city of Philadelphia, as early as

1793 or 1794, Benjamin Franklin was, it

is believed, the first who publicly called

the attention of the citizens to the subject

of watering the city from some other
source than the wells then universally

used ; urging that the afflictions from the
ravages of contagious diseases rendered
it necessary that a more copious supply
of water should be procured, to insure
the health, comfort, and preservation of

the citizens. This was just after the city

had been visited by the yellow fever.

And in Franklin's will, dated June 23,

1789, is the following clause :
" and hav-

ing considered that the covering of the
ground plot of the city with buildings

and pavements, which carry off most of

the rain, and prevent it soaking into the
earth, and renewing and purifying the

springs whence the waters of the wells

must gradually grow worse, and in time
be unfit for use, as I find has happened
in all old cities, I recommend that at the

end of the first 100 years, if not done
before, the corporation of the city em-
ploy a part of the £100,000 in bringing
by pipes the water of the AVissahiccon

Creek into the town, so as to supply the
inhabitants."

To sum up all the advantages from a
properly devised public water-supply,

would require a lengthy dissertation upon
the subject ; we will therefore briefly

enumerate some of the principal ones
only.

1. It furnishes a better quality of

water than is possible from wells and
rain-water cisterns, and at a much
cheaper rate for the same quantity than
can be obtained by private or individual

means of supply.

2d. It encourages a liberal use of

wholesome water by all classes, and
therebv induces habits of cleanliness and
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comfort, diminishes sickness, and in

times of epidemics it has proved by the

experience of other cities to be the great-

est protection to densely populated dis-

tricts.

3. By the constant command, at all

hours of the day and night, of an un-
limited quantity, for protection against

the ravages of fire, it reduces the risks

for insurance companies, and with that

the rates of insurance, and in this way,
perhaps more than in any other, is a

well-regulated public water-supply pro-

ductive of pecuniary advantages, which
annually amount to a very liberal per-

centage on the capital invested.

4. It invites settlement, and encour-

ages the investment of capital in manu-
facturing enterprises, which, by foster-

ing productive industry, tend to build

up the city in the elements consti-

tuting permanent wealth and independ-
ence.

As to the quality of the sources of

supply, the report says : All the natural

water-courses in every country become
more and more impure with the increase

of population, and less suitable for dis-

tribution in densely populated cities

;

and the best practice of hydraulic en-

gineering, in its application to public

water-supplies, is to collect and store the

water as near as practicable to the gath-

ering grounds, upon which it falls in the

shape of snow and rain, and thence con-

vey it artificially to the place of distribu-

tion. The truthfulness of this is illus-

trated by the following-named examples
of water-supplies to towns and cities in

the United States, where the water is col-

lected and stored in reservoirs near the

limits of the drainage areas supplying
them, viz. : the Boston and Charlestown
water-supplies in Massachusetts ; the

Albany, Croton, and Brooklyn water-sup-

plies in New York ; and the Hartford,

Ct., and Baltimore, Md., water-supplies.

The last two of these have changed with-

in the last few years from taking their

daily supplies from natural water-courses
to storage reservoirs approaching the
limits of the drainage areas supplying
them with water. The Loch Katrine
scheme, supplying the city of Glasgow

;

the Rivington Pike scheme, supplying
Liverpool ; the Birmingham water-sup-
ply ; and the contemplated change in

the mode of supplying the city of London

with water, are cases in point, and de-
monstrate the justice and propriety of
this view of the subject.

Sewage.—As the congregation of large
numbers of human beings upon compa-
ratively small areas has been shown to
defile the spring and well water, as also

the rain-water, by causing it to absorb
in its fall the noxious gases which con-
stantly arise from populous cities, as well
as from the washings of the roofs, con-
sisting of an almost endless catalogue of
articles prejudicial to health, thereby
compelling a supply being obtained from
a source beyond the reach of city defile-

ment, it must not be concluded that with
the procurement of pure water the evil is

remedied ; it is only one of the effects

which is obviated, for the evil itself con-
tinues to grow with the increase of popu-
lation, until the earth or subsoil of the
city is so thoroughly permeated with hu-
man excreta as to render its removal an
absolute necessity ; to accomplish which
end, capital and industry, under the direc-

tion of the civil engineer, have construct-

ed systems of sewers, through which, with
the water from public water-supplies and
rains as vehicles, the refuse, etc., from
dense populations is carried to running
streams and rivers, to be diluted to an
extent which makes it harmless. Hence
a system of thorough drainage, through
the medium of sewers, is next in impor-
tance to a public water-supply for a city

as a means of preserving the health of its

inhabitants. This is a subject upon the

investigation, development, and perfection

of which the ablest statesmen, scientists,

and engineers of great Britain and the

continent of Europe have been engaged
for years; and in the United States, also,

much attention has been given to the

subject, although the literature or written

experience in relation to it is quite

meagre. In a late publication* upon this

subject the author truthfully remarks :

" The general standard of public morals
always corresponds with the state of pub-
lic health, the latter depending again

upon abundance of food combined with a

pure atmosphere and an unlimited supply
of undefiled water. * * *

In nothing is the superior wisdom of

the present Emperor of the French so

manifest as in the undivided attention he,

* Kro;>p's London Sewerage.
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like the founder of his dynasty, pays to

the sanitary, agricultural, industrial, and
commercial interests of his people, which
thus manifestly proves that true states-

manship finds its best allies in agriculture

and public health."

The tables 1 and 2 give respectively,

the quantity of water consumed, and the

cost and other mechanical features of
water-works in various cities. Table 3
gives the particulars of the principal ar-

tesian wells. Table 5 gives the duty of

several of the best engines in the country,
and is taken from the report of Jas. P.
Kirkwood, C. E., on the Brooklyn water-
works.

Table 1.

YEAR.

1867
1867
1866
1867

1864
1866
1864

CITIES .

Charlestown, Massachusetts
Brooklyn, New York
Cleveland, Ohio
Detroit, Michigan
Chicago, Illinois

Cincinnati, Ohio , . . .

.

St. Louis, Missouri
Louisville, Kentucky
New York

Each Inhabitant, Each Consumer,
per day. per day.

Gallons. Gallons.

41.83 54.33
•47.10

22.35 24.26
48.46 54.47
50.00

•54.01
16.81 73.96
62.00

Table 2.

CITY. YEAR. POWER.

i'l

T, O

II
CO >,

« 9 £

5

What Portion
of

Pumping Capacity
Daily

Required.

ri O
do"-*

11— rt

8 >
" -2
u "3
o

O

a
o
a
o
3
o

Maximum. Average.

o
13

O

1866
1865
1866
1866
1866
1866
1866
1866
1866
1866
1865
1866
1866
1865
1867

Steam m
135
120
161
159

115
112

158
165
144
125
75

0.228

0.440
0.285
1.000
0.414
1.000
1.000
0.272
0.200
0.712
0.200
0.540
0.410

0.177

0.380
0.269
0.605
0.290
0.806
0.615
0.215
0.154
0.546
0.123
0.354
0.360

$18 02
14 97
16 34
12 84
9 63
2 00
13 00
22 00
9 91

23 10
17 55
18 09
16 14
12 20
18 20

10
6
8

Brookly, New York 4
1

Fairmount. Philadelphia, Penn. .

.

Schuylkill, Philadelphia, Penn. . .

.

Delaware, Philadelphia, Penn. . . .

24th Ward, Philadelphia, Penn. .

.

Germantown, Philadelphia, Penn.
Cleveland, Ohio

Water Power.

.

Steam
Steam

5
13
2

14
9

Cincinnati, Ohio 11

Louisville, Kentucky 7
3

Detroit Michigan 19

The Artesian Well, sending forth a
constant stream of pure water, is a beau-
tiful and interesting sight; and in the
popular mind it is invested with a great
degree of novelty. What is an artesian
well ? Historically, it is so called from a
mode practised in Artois, a province in

France, by boring for water. Technical-
ly, an artesian well is a mode for obtain-
ing a spontaneous flow of water, at or

above the surface of the earth, through
the medium of a tubed perforation of the

earth's crust, extending in depth until a

body of water is reached, from which, by
hydrostatic pressure, a portion is de-

livered through the tube at or above the

surface of the earth. The most plausible

theory, explanatory of the flow of water

* Approximate.
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from artesian wells, is their similarity to

natural springs, there being in both con-
tracted apertures from the surface of the
earth to the subterranean reservoirs full

of water, and compressed by columns of

this liquid. Through these apertures
(natural fissures in the earth in the case
of springs, and artificial borings in the

case of artesian wells) the water escapes,

seeking its level. The history of artesian

wells, so far as they have been resorted

to as a means of supplying towns and
cities with water, is not at all encouraging,
whatever may be their merits as means of

obtaining limited quantities of water for

private or special uses.

Table 3.

Artesian Wells.

j, be
-K>" m °3

a o o
S3

&1u 9
3
o
,q

s.a

o u & a ,|<3 r* M S S a

NAME. LOCATION.
o
a — «

g
o

3
a

°<2
ft ta

Is

o

CD ~
E =>

.3 o
J o

sz <•-< to
w

o

ft II "3
ft

a

.3=:'
3 J I s5

73
88

1

a a a h a S a H E

Foreign : Feet. In. °Far. Yrs. Feet.

Grenelle .... Paris 1,806 6 Fresh .

.

824 7 175,104 $70,180 00 $401,028 00
Paris Fresh .. +66 2,188.800

Kissengen Bavaria 1,878 Mineral 66 +58 1,077,120 32,263 00 30,050 00
Aire Artois, France Fresh.. +11 360,000

United States :

Charleston. .

.

South Carolina 1.250 3 Salt . .

.

87 +10 30,000 20,000 00 666,666 66
Belchers .

.

2.199 3h Salt . .

.

73 5 -30 108,000 20.000 00 185,185 18
Dn Pout's. .

.

Louisville, Ky. 2,086 3 Mineral •• 14+170 330,000 10,000 00 30,303 03

Table 4.

Summary of the Estimated Costs of the Three Different Plans proposed for Memphis.

BRANCHES OF WORK. Wolf River Plan. Mississippi River Plan. Hatch ie Lake Plan.

$933,332 51

67,872 60
100,000 00
373.327 90
505,886 60
349,009 10

$342,231 78
230,135 20
225,000 00
280,533 00
483,339 60
349,009 10

$191,862 66
230,135 20
260,000 00

Settling reservoirs 310,016 41
903,089 60
349,009 10

Totals $2,329,428 71 $1,910,248 68 $2,244,112 97

Table 5.

Duty of several of the principal Pumping Engines in the United States.

Pate
of

Experiment.

January, 1860.
January, 1857.
January, 1857.
July, 1857.
July,

April,

June,
June,

1857.
1857.

1857.
1856.

26
12
8*

171
12
9

143

48

ENGINE.

Brooklyn engine, Cornish
Belleville engine, Cornish
Hartford, Crank
Hartford, second trial, first experiment. .

.

" " " second experiment
Cambridge, '

' Duplex "

" " second trial

Spring Garden, Philadelphia, Cornish . .

.

Pounds Lifted
One

Foot High.

601,407
628.233
587,793
614.426
646.994
669,411
675,746
589,053
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The following extracts are from a re-

port by V. Dumas, member of the

French Academy of Sciences, to the Minis-

ter of Public Works, on the subject of the

exclusive water-supply of Paris by artesian

wells :

—

" The commission is unanimous
(against the scheme). Among its mem-
bers there are none who are unaware of

the importance of artesian water drawn
from the green sand for the use of Paris.

But among those who base upon it the

greatest expectations, there are none who
are of opinion that it would be advisable to

exclude the employment of other resour-

ces that nature or art has placed at the

disposal of the Parisian people. * *
" 1. The water-bearing stratum of

green sand is not the exclusive property
of the city of Paris. It can be operated
upon at any distance or level by the pro-

prietors of the soil. The works con-

structed by companies, associations, and
individuals, however great or indisputa-

ble may be the capabilities of this source,

could absorb them and render them of

very doubtful application to the munici-
pal wants.

" 2. The phenomena and natural acci-

dents, such as earthquakes, that exercise

little influence upon canals through which
flows surface water, could, on the contrary,

produce on channels for the passage of

water at great depths a derangement of

their course.
" Though such events may be rare, it is

sufficient to know that once in twenty
years their effect on the well of Grenelle
has been observed, not to be willing to

expose the city of Paris to receive sud-
denly and for entire months turbid water
in all its reservoirs, or to submit to a

diminution of one-half the product of its

flowing wells, which, though it were but
temporary, would not be the less serious.

"3. The art of boring is not yet ad-
vanced enough by experience in tubing
very deep wells of large diameter, es-

pecially in what concerns the green sand
basin ; tubes in iron do not last ; copper
tubes even, lined with tin, might fill the
people with anxiety in times of epidemic;
wooden tubes are uncertain; and wells

not provided with tubes have not been
thoroughly experimented with.

" 4. The water of the artesian source,
which is of great purity, and which, so
far as mineral substances are concerned,

is better suited than all others for indus-
trial and public use, is very slightly

aerated and tepid. It would be neces-

sary, therefore, to cool and aerate it, to

render it useful for domestic purposes
;

and for this reason it would be regretted

that it is not a little richer in carbonic
acid and carbonate of lime.

In conclusion, when we talk of supply-
ing 2,000,000 inhabitants, it is prudent to

assure ourselves of the simultaneous use
of bodies of water taken from various
sources, in order to be always ready to

quiet the complaints of the people.

Water, as we have said, ought never to be
suspected ; and, in case of the least

doubt, the administration must be able to

replace one water, though suspected
without cause, by another which may
possess the confidence of the consumers.
The Memphis Works.—The plans pro-

posed for the supply of Memphis are :

—

1. A supply from Wolf river, taken at

the most available point above the town of

Raleigh.

2. A supply from the Mississippi river,

drawn at the first suitable point above
the city.

3. A supply from the Mississippi river,

taken in the vicinity of Hatchie Lake.
The Pumping Machinery recommended

in the report for the Wolf River Works,
is the Worthington Duplex Pumping En-
gine. The report says:

—

This machine is strictly a steam pump,
consisting of two steam cylinders and two
water cylinders laid horizontally in pairs,

the piston rod of each steam cylinder ex-

tending to its water cylinder and work-
ing a water-displacement plunger; the
steam and water cylinders being separ-

ated a sufficient distance to permit the
requisite mechanical devices to be attach-

ed to each connecting rod between the
steam piston and the water plunger, for

working the steam valves and air-pumps;
the connecting rod of the right-hand en-

gine working the steam valves and air-

pump of the left-hand engine, and vice

versa.

The machine is self-contained, and does
not require expensive masonry founda-
tions; it works horizontally; has the
smallest mass of inert matter in the mov-
ing parts, being just sufficient for the safe

transmission of the power; and thus, in

conjunction with its moderate velocity,

reduces its liability to accidents to a
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minimum. The valves are multiform
vulcanized rubber disks, strengthened by
perforated cast-iron disks, the rubber
seating upon grated composition-metal

valve seats; the receiving and delivery

valves are disposed in sets vertically one
above the other, and rise and fall verti-

cally.

In the economical use of fuel this en-

gine compares favorably with the best

pumping-engines in the country; and in

its daily performance it will give moder-
ately good results, with perhaps less at-

tention from skilful enginemen than any
other kind of pumping-engine now in use,

being nearly automatic in its operation.

It has been in use for a number of years,

and there are at present in successful

operation as follows, to wit: 1 pair at

Harrisburg, Pennsylvania; 1 pair at

Greenwood Cemetery, Long Island; 2

pairs at Cambridge, Massachusetts; 2

pairs at Charlestown, Massachusetts; 1

pair now being erected at Salem, Massa-
chusetts; and 1 pair at Newark, New
Jersey; the last 4 named being each
capable of elevating 5,000,000 gallons

water per 24 hours.

Wherever this pumping-engine has
been in use, it has given entire satisfac-

tion, and, with the exception of the Cor-
nish pumping-engine, it has been dupli-

cated a greater number of times than any
other engine for water-work purposes,

despite its recent origin.

PREVENTION OF SCALE IN BOILERS.

Translated from Dingler's Polytechnic Journal, by John B.
Pearse.

In a late meeting of the Society of Ger-
man Engineers for the Westphalian Dis-

trict, this subject was proposed for dis-

cussion. The remarks were opened by
Dr. List, who divided all the means for

its prevention into two classes : 1st, those

consisting in the addition of various sub-

stances to the feed water; 2d, those con-

sisting in the use of special apparatus.

The former class of means includes

among many others the use of starch or

substances containing it, which shall

cause the precipitation of the solid mat-
ter as powder or mud and not as scale.

The results obtained by the use of starch

were unfavorable according to the expe-
rience of a member. Dr. List mentioned
the use of a soft greasy variety of clay,

more or less mixed with bituminous
matter (Halloysite). Mining Inspector

Schrader stated that such clay had been
advantageously used at several coal

mines with which he was acquainted. Dr.

List supposed that the particles of solid

matter on being precipitated were taken
up by or clung to the clay, instead of ad-

hering to the bottom and sides of the
boiler.

Dr. List also mentioned the use of va-

rious substances containing tannin.

Their utility might be explained both on
mechanical and chemical grounds. He
had himself obtained favorable results

from their use in water containing lime.

In sugar factories the addition of crude
molasses to the water had had a good
effect.

As far as the chemical action is con-
cerned, the utility of such additions de-

pends on the compo-sition of the water.

If the latter contains gypsum or sulphate

of lime, scale is formed, because the rela-

tive quantity of gypsum increases as the

water is evaporated, and because the sol-

ubility of the same decreases with the

heat of the water. If the water contains

double or bicarbonate of lime, this com-
pound is decomposed by the heat, and
the simple carbonate is precipitated as

scale.

The gradual separation of these sub-

stances causes the formation of scale.

Chemical means may prevent such sepa-

ration, or may hasten it so much that

mud is formed instead of scale.

Sal-ammoniac is recommended for pre-

venting the precipitation of lime by form-

ing the readily soluble chloride of cal-

cium. This means is frequently used,

particularly in Holland, for locomotives.

The most natural means, however, for

water containing bicarbonate of lime,

would be to hasten the precipitation by
the use of a solution of slaked lime in

water, or " lime water." This would sepa-

rate all the bicarbonate of lime as an in-

soluble mud. Chloride of barium would
be the best addition to waters containing

sulphate of lime, or those from many coal

mines, and would act in a simdar way.

Carbonate of soda is recommended
from actual experience as an effectual

means of preventing scale from water

containing either carbonate or sulphate

of lime.

M. Helmholy remarked that he had
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observed incrustations in Giffard's In-

jector, where the motion of the water was
quite rapid. M. Weistman had also ob-

served scale at point, where the velocity

of the water was considerable, but men-
tioned the absence of scale in the boilers

of steam fire engines. M. Kamp had
also observed the deposition of scale in

feed water pipes, although the deposition

in the boiler was inconsiderable.

The translator has observed a case

where it was attempted to blow charcoal

through tubes by means of air, possessing

considerable velocity. It was found that

although the wind would take along
with it some considerable quantity of

charcoal, it would nevertheless deposit a

good deal again, before reaching its des-

tination, particularly at places where
there were angles, or the pipes expanded
slightly. The deposition of scale in the
injector and feed water tubes might be
thus explained without weakening the
reasoning of Dr. List, which seems quite

correct and conformable to experience.

ELASTIC RAILWAY WHEELS.

Over 10 years ago, that veteran Loco-
motive Superintendent, Mr. George S.

Griggs of Boston, commenced using blocks
of wood an inch thick, forming an almost
continuous tyre, between the iron tyre and
the cast-iron driving wheel run of his loco-

motives. The results have been well defined

and entirely good and economical, and they
have certainly not been arrived at with-

out due trial. The wear of tyres and the

breakage of wheels and connected parts

has been decidedly lessened by the inter-

position of this elastic medium, slight as

is its yielding; and if of tyres, then of

rails and permanent way, for although
there may be 30 or 40 times as many
truck wheels as drivers in a train, the
drivers are 5-ton hammers, while the
truck wheels are only little 2-ton smith-
shop hammers, that would not be em-
ployed by knowing smiths if the lamina-
tion of rails was the thing to be aimed at.

Every body concerned has known all

about Mr. Griggs' wheel for years, but
it is only just now getting into general
use.

Mr. "W. Bridges Adams, of London, an-
other veteran engineer, long since devised
the " horse-foot " tyre—a steel spring be-

tween the tyre and the rim of the wheel,
and although it gave good results, it has
not yet been largely adopted. The wooden
car wheel, with an iron hub and steel

tyre, long used abroad, is just beginning
to be appreciated here. It is in use on
the drawing-room cars of the Hudson
River Railway.
Another elastic wheel, for cars and

other vehicles, a section of which
is shown in the engraving, has
been devised by Mr. John Raddin,
of Lynn, Mass. The hub, and
the web and tread are separate
castings, between which there is

interposed a ring of india-rub-

ber. The holes in the web to

receive the projections on the hub,
are larger than the projections,

so as to give a slight play—say
one-eighth of an inch maximum.
The rubber being compressed
tightly in the annular space, can-
not be squeezed out, but can only
change its figure when the load
comes upon it. The entire jar of

the wheels is thus absorbed by
the rubber before it reaches the
hub and the axle. That both the
running gear and the permanent
way will be made safer and more

durable by this elastic relief, is perfectly

well assured by similar results in railway
and other engineering practice. The
economy of having the wheel in two
parts, so that the tread may be renewed
without forcing the hub from the axle, is

obvious. The theoretical advantages of an
elastic wheel will not be questioned by
intelligent practitioners. Are there any
practical defects or weaknesses in this

method of application ? The management
of the Eastern Railroad say that after

running 8 of these wheels for 9 months
under a 22-ton iron car, an examination
showed the rubber uninjured and the
nuts all tight, though the bolts were not
headed. The same wheels since placed
under a passenger car, have run, in all,

40,000 miles with decidedly less wear
on the tread than solid wheels. The
Engineer of the Boston Fire Department
gives an equally good account of similarly

cushioned fire-engine wheels.

The use of elastic media between parts
subjected to jarring, is now so well under-
stood by railway managers, that we ex-

pect to see other and better applications.
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Here is a large field for experiment and
invention. Although the uniform elasticity

of permanent way should be much better

provided for than it is, the cost of a pair

of well-appointed cushions upon each of

a hundred million railway sleepers, looks
rather formidable. The proper cushion-
ing of a thousandth part of that number
of the heaviest-loaded wheels of engines
and trains, is more likely to be accom-
plished, and would do more good in pro-
portion to the cost.

BRITISH RIFLED ARTILLERY.

Rifled guns had been experimented
upon in England for about half a cen-

tury before they were put to any prac-

tical test, but when the Russian war
was imminent, it became necessary to

adopt some form of rifled artillery, in

order to oppose the rifled small-arms
which began to be generally adopted.
Metallurgy and mechanics had been
improved in consequence of the stimu-

lus given to these sciences by the great

demand for efforts of civil engineering,

and without these improvements the
manufacture of rifled ordnance would
have been impossible. When the war
with Russia broke out, some 8-inch and
68-pounder iron guns were bored on
Lancaster's system, and sent to the

Crimea and to the Baltic, but they were
of small avail, as the straight-sided

projectile often jammed in their spiral

bores.

It was in the Italian campaign of 1859
that rifled artillery was first used with
any effect. The Emperor of the French,
with his muzzle-loading bronze rifled

field guns, did great execution, especially

at Solferino, and scattered terror in the

Austrian ranks more by the range than the

accuracy of their fire. This success induced
all European Powers to turn their atten-

tion to rifled artillery. Austria adopted
the French system, while Russia and
Prussia became converts to a breech-load-
ing action invented by Mr. Krupp. Eng-
land turned her attention to a breech-
loading system invented by Mr. Arm-
strong, of Elswick. His guns were tested
by the rough usage of war in China in

18G0, and acquitted themselves admirably.
Itwasknown then that the Armstrong guns
were excellent, and exceeded in range and

accuracy those of any Continental Power.
It was vainly thought that this system
would have been permanently adopted
into the service, at' least for field, artillery.

The same system of ordnance did good
service in New Zealand in 1861, but,

though no enemies could stand against it

in the field, it had potent antagonists at
home.

In 18G3, under the pressure of polem-
ical writings, the Secretary of State for
War appointed a committee to examine
and report upon the different descriptions
of guns and ammunition brought forward
by Sir W. Armstrong and Mr. Whitworth.
This committee sat for two years, and
conducted a series of experiments, which
cost .£35,000 in stores alone. The total

expenses cannot have amounted to much
less than £60,000, and the result was that
the experiments were very creditable to
both inventors. The contest was very
close; and surely no country but Eng-
land, when it had a gun better than that
of any Continental nation, would have
spent £60,000 in investigating the infini-

tesimal differences between it and the
offspring of some rival inventor. Still

we did so; and the committee which was
called on to decide this question thought
that muzzle-loading guns, which had been
already six years in the French service,

were sivperior to breech-loaders for the
service of field artillery. This opinion
necessitated another committee to decide
on the rival merits of muzzle-loading or
breech-loading field artillery. In 1866
another committee assembled to discuss

this question, and decided that muzzle-
loaders were better adapted for field

service than breech-loaders. The conse-
quence was, that a muzzle-loading gun
slightly different from the French gun
was considered the proper gun for our
field artillery, on account of its simplicity.

We had thus spent at least 7 years and
lost vast sums of money in determining
theoretically that a gun which had been
adopted at the outset by the French was
better than our own, which had been
proved to be most excellent on two
separate occasions in active service.

Yet whenwe had obtained this decision we
could not act upon it, as we dare not
incur the expense of arming all our field

batteries afresh with muzzle-loading guns.
This is the plain result to which we have
attained in field artillery; of heavy guns
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we propose to speak at a future time.

The money which has been squandered

in experiments cannot be recovered; it

is hopelessly lost; and, of course, in a

short time, in consequence of the decision

of the last committees, unless, indeed,

they are subverted by those of some
future bodies, our breech-loading field

artillery will be supplanted by muzzle-

loaders.

Yet is there much reason that this

expense should be incurred ? It would,

perhaps, have been better to have adopted
a muzzle-loading gun in the first instance

;

but, now that we have a breech-loader, is

it worth our while to incur all the expense

and inconvenience of changing our arma-
ments in order to gratify the whims of

theorists or the fancies of mathematicians?
The breech-loading gun has been found
to do good service in China and New
Zealand, and is undoubtedly far above
the average as a gun. In the late Ger-
man war the breech-loading gun tri-

umphed over the muzzle-loader, and the

victorious Prussians have adopted it

it universally into their service. Im-
partial and experienced judges, who saw
it in action, have told vis that the breech-

loading gun of the British artillery proved
itself superior in China to the Prussian
gun in Bohemia. It is, no doubt, su-

perior to the Austrian muzzle-loader,

which is very similar to the French gun.

"Why should we, then, incur a great deal

of expenditure to change our armament,
when we can already more than hold our
own against that of any other nation '?

Metaphysicians and fanciful artillerists

may aim at perfection, but we cannot
afford to adopt every momentary inven-

tion which professes a very small advan-
tage over the system already adopted
into the service. We might, possibly, if

we were to reconstitute our whole system,
institute muzzle-loaders, and so reap all

the fruits of our experience; but now
that we have a gun in the service which
is considerably better than any possible

antagonist, we must deprecate the ex-

pense necessary to change for any fanci-

ful advantage. We must remember that,

ere the muzzle-loader can be made our
armament, some new invention which
will nullify it may be brought forward,
and, happy in the goodness of our bad
bargain, we may be quite content to let

well alone.

—

Army and Navy Gazette.

LOCOMOTIVES OF THE NoBTH LoKDON RAIL-
WAY.—The standard engines of this

line are fully illustrated in the "En-
gineer," Dec. 11 and 25. They have
2 pairs of connected drivers 5 feet 3
inches diameter, and 8 feet apart centres.

The truck has 4 wheels, 2 feet 8 inches
diameter and 5 feet 8 inches apart. The
centre of truck is 9 feet 10 inches from
the centre of forward driving shaft. The
boiler shell is 4 feet 1 inch inside diam-
eter by 10 feet 2^ inches long, and con-
tains 122 tubes 2 inches diameter. The
fire-box is 4 feet 5| inches long by 3 feet

1\ inches wide by 5 feet 4 inches high in-

side. The cylinders, outside, and inclined

1 in 12, are 17 inches diameter by 2 feet

stroke. The steam-chests are inside, and
the link-motion valve connection is

direct. The tanks (1,000 gals.) are at the
sides of the foot-plate and in rear of the
boiler. The working steam pressure is

160 pounds. The peculiar and strong
cylinder fastenings, and the great extent
of the rubbing surfaces, are especially re-

ferred to. The weight of the engines is

as follows;
Light. Full.

tons cwt. tons cwt. qr.

Bogie, four wheels ....15 14 14 14 2
Driving wheels 11 11 14 5
Trailing wheels 11 7 14 12 2

Total. ....38 12 43 12

Five of these engines are now com-
pleted or in progress; they easily take
trains consisting of 30 wagons, each
weighing over 5 tons, and containing 10
tons of coal, and 2 heavy brake vans, or
about 460 tons in all, up inclines of 1 in
100 in all sorts of weather. Equilibrium
slide valves are used on these and all the
new engines of this line with great success.

The valve has the equivalent of 2 pistons

in the back. Two circular flanges project

from the back, nearly up to the steam-
chest cover. Around these are packing
rings which are forced up against the
steam-chest cover, with a small pressure
due to their area, thus making a tight

joint. The area enclosed by the ring is

open to the exhaust passage of the valve.

A luminium Bronze is used in France
j\ for saws and other mechanism re-

quiring great strength and hardness, in

place of steel. It has been proposed to

cover the steps of the column in the
Place Vendome with the same material
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ORDNANCE AND NAVAL NOTES.

Whitworth Gun—Late Experiments. The
longest range of cannon shot ever attained,

was made by the Whitworth ordnance at Shoe-
buryness in November last, viz. : 11,300 yards, or

nearly 6^ miles. The longest range previously
recorded, was obtained in lb 61 by Lynall Thomas'
175 lb. shot with a 25 lb. charge, from a 7 in. steel

gun at 37j° elevation, viz.: 10,075 yards.

The Whitworth gun referred to, has 9,025 in.

(major) and 8.25 in. (minor) hexagonal bore,

140.06 in. long with 1 turn in 117 in. The shells

used were cast iron, 31.6 in. long, 8.96 in. major,
and 8. 18 in. minor diameter, with capacity for IS lb.

bursting charge. The shot were cast iron, 24.5 in.

long. The wads were hexagonal ; weighing 1 lb.

each and made of paper mache. Large grained
rifle powder was used. The result of the firing

was as follows:

"VTew British Gun.—An order has been issued

XI from the War-office announcing the introduc-

tion into the service of a new description of wrought
iron muzzle-loading 10 in. 18-ton gun, of which the

following is the official technical description:

—

Length of gun, 14 ft. 2 in. ; mean weight of gun.
18 tons 24 lb. ; mean preponderance, 8 cwt. 1 qr.

24 lb. ; length of bore, 145. 5 in. ; length of rifling,

118 in. ; calibre, 10 in. The "A" tube is to be
made of tough steel. This new description of

ordnance is of the general type represented by the

7, 8, and 9 in. guns. They are rifled upon the
Woolwich system with seven grooves, having a
twist increasing from one turn in 100 calibres at

the breech to one turn in 40 calibres at the muzzle.
The vent enters the bore at 11 in. from the end,

and upon the right-hand side, at an angle of 45
deg. to the vertical axis on the transverse section,

and directed to the axis of" the gun. The vent
consists of a steel bush, lined with copper, screw-
ed in from the exterior against a platinum tip

screwed up from the interior. This tip has a
flange, or button-shaped head, projecting into the
bore, as a means of preventing the gas escaping
into the joint. A projecting head is left upon the
bush to enable it to be removed when required by
a spanner. The bottom of the vent is enlarged to
a diameter of .32 in., tapering up to .222 in. (the
diameter of the vent channel) in a length of one
inch. The guns are sighted in the ordinary man-

ner at a deflectional angle of 1 deg. 10 min., but
this angle is only lo be regarded as provisional.

They are fitted with "plates, metal, elevating,"

and "pivots." The case-able faces are graduated
for the Engineer of the road tangent scale use.

Use of Railways in War.—The movements by
railroad of the Ninth corps under General

Burnside, from Central Kentucky to Vicksburg;
the transfer of the Twelfth and Thirteenth corps,

under Hooker, from Washington to Chattanooga;
of the Twenty-third corps from Eastport, on the
Tennessee, to Washington, are remarkable in-

stances of the usefulness of this new military arm.
The last-named marvellous feat, Mr. Stanton de-
clared to be " without parallel in military histoiy.

"

The distance travelled was 1,400 miles, the troops
moved were 20.000 strong, besides 1,000 animals
and a full artillery train. It was accomplished in
mid-winter, with rivers and roads blocked by ice,

in an average time of 1 1 days for each subdivision.

The campaign of 1866 in Germany demonstra-
ted the importance of the part which railways are
called on to play in modern strategy. The Federal
Council of Northern Germany has had under con-
sideration a proposition for the drawing up of a
complete table of the resources and military ad-
vantages of the lines included in the Confederation.
With this view a statement is to be compiled every
two years, commencing with 1S70, in accordance
with an official lormula, showing the capabilities,

in a military point of view, of the existing rail-

ways and the branches to be constructed. An
interesting work has been written on the subject
in German. The Italians are busy organizing a
system for turning their lines to the best use, and
here engine-drivers and stokers are attached to

every regiment.

Use of Breech-loaders Abroad.—In the North
German army the infantry of the line and the

guard are all armed with needle-guns, of which
there is also a sufficient supply for the reserve and
for the garrisons. The arming of the whole of the
landwehr with converted needle-guns was also
decided upon last June. Of the South German
troops, those of Hesse, Baden, and Wurtemburg
are all armed with the needle-gun, while Bavaria
only began a few months ,ago to supply the Werner,
gun to her army. Austria had armed 300,000 men
with the converted Wanzl last July. The whole
of the French army may be regarded as being
supplied with the Chassepot since last spring.
In Belgium the Albini gun was to be in the bands
of every soldier of the line by the 1st of October.
In Italy 32 battalions of bersaglieri were armed
last July with a rifle similar to the Prussian needle-
gun, with slight modifications. The English army
has. since the beginning of the year, carried the
Snider. The arming of the Danish army with the
Remington rifle is also complete; and Russia
makes the greatest efforts to hasten the supply to

her troops of Carlen needle-guns. Of the other
States, Holland, Sweden, Roumania, and Serv'a
have only just introduced breech-loaders into their
respective armies, while in Turkey. Spain, and
Portugal the soldiers still carry the old musket

—

Cologne Gazette.

US. Ordnance Report.—The expenditures of
• the Ordnance Department during the last

fiscal year, for all purposes, inclusive of the pay-
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ment of war claims, were a little more than three

millions—less than three-fifths of the expenditure

of the preceding year.

There are 27 military arsenals in all, including

the National Armory at Springfield. The work
done at them by the hired mechanics and enlisted

men of the Ordnance Corps, under the direction of

skilled officers of the corps, has been economically

and satisfactorily performed.
Highly favorable reports of the breech-loading

converted Springfield musket have been received

from those portions of the army where it has been
distributed.

A few smooth-bore and rifle guns, of heavy cali-

bre, are being made, for trial of their power and
endurance. When the most suitable kinds have
been determined, a large number of guns for forti-

fications will have to be made, and. authority to

make them as fast as can be done is asked.

rroRPEDOES.—Further experiments have been made
J. at Toulon with torpedoes, and it has been de-
cided that in case of war, that port shall be strongly
defended with these submarine monsters. The
Government, however, thinks that the torpedo
subject is one which should be confided to a special

corps, and hence a school is to be established at

the Isle of Aix, where the mysteries of those
engines of destruction will be taught.—Army and
Navy Gazette.

United States and British Squadrons.—At the
date of the report of the Secretary of the Navy,

we had on duty with our various squadrons, 38
vessels, including storeships, mounting in all 347
guns. On December 5th, the English had, within
the limits of their several stations, 116 vessels,

mounting in all 1,146 guns. From this it would
appear that, besides their Channel fleet, the Eng-
lish have three cruising vessels in squadron service

to our one.

"VTew English Monitor.—The "Cerberus," re-

1.1 cently launched at Jarrow, and designed by
Mr. Reed, is 225 feet long by 45 feet 2 in. beam,
and 18£ feet deep, the draft being 15£ feet. There
are 2 turrets, 21\ feet diameter. The turrets stand
on central spindles and are revolved by auxiliary

engines. Each turret carries two 18 ton 450 pdr.
Armstrongs. The hull is divided into 7 water-tight

compartments. The vessel is to go to Australia.

The Cheonoscope.—A series of experiments car-

ried out at Woolwich with the new ehronoscope
for measuring the velocity of projectiles within the
bore of the gun invented by Captain A. Noble,
late of the Royal Artillery, have been attended, it

is said, with great success. The instrument has
proved itself capable of measuring the hundred-
thousandth part of a second with great accuracy.

Ordnance Experiments.—It is stated that Ad-
miral Dahlgren. Chief of the Naval Bureau of

Ordnance, will ask Congress for a limited appropri-
ation to be used in experimental gunnery, as no
appropriation has been made for this purpose for

the Navy.

J^eupp vs. Armstrong.—The German papers
v claim a decided victory for Krupp over Arm-

strong in the late trials of the rival systems. The
English gun was shown to be inferior and split at

the 264th round, while the German gun was fired

400 times without being damaged.

IKON AND STEEL NOTES.

Use op Manganese in Steel Making. —Mr.
Robert Mushet, in replying to a paper on iron

and steel by Messrs. Hinde, says :

In their remarks on the effect of spiegeleisen,
and of the preparations of manganese with carbon-
aceous matters, as set forth in Vickers' and Heath's
patents, Messrs. Hmde have gone completely
astray, and have fallen into the common error of
supposing that spiegeleisen is added to oxygenated
iron solely to recarbonize such iron. The fallacy

of this opinion has been clearly shown where ferro-

manganese in place of spiegeleisen has been used
to de-oxygenate molten Bessemer metal, the re-

sults obtained being far better than when spiegel-

eisen is employed. Now, ferro-manganese con-
tains only about one-fifth as much carbon as spie-

geleisen, and nearly four times as much manga-
nese, and were it possible to produce pure metallic
manganese free from carbon, at a cheap rate, it

would wholly supersede spiegeleisen, and would
enable manufacturers of Bessemer metal to obtain
from inferior numbers of hematite pig metal,

steel of as good a quality as they now obtain from
best selected pigs. Nothing but metallic manga-
nese requires to be imparted to oxygenated iron to

produce steel, and the use of compounds contain-
ing other matters, is simply due to the fact that a
better or purer form of metallic manganese than
is contained in spiegeleisen cannot be economi-
cally procured. Neither under Heath's nor under
Vickers' process is metallic manganese added to

steel. Oxide of manganese is the agent here, and
its action is that of a flux. Thus, when blister

steel, which, when melted and cast into an ingot,

cannot be drawn into a sound bar, or bear a weld-
ing heat, is melted with a few ounces of oxide of

manganese without any carbonaceous matter being
added, and then cast into an ingot, the ingot thus
produced can be drawn into a sound bar of steel,

which will forge and harden well, and bear a weld-
ing heat. In the melting pot, therefore, oxide of
manganese, and not metallic manganese, acts as an
improver of the steel operated upon. As to either

Vickers' or Heath's process being applicable where
it is desired to de-oxygenate decarbonized iron, it

is a myth.

Park and Love's Steel Process.—This is an in-

vention relating to the manufacture of cast-

steel, and the furnaces used for that purpose, and
also for remelting. The furnace consists of two
fire chambers, separated by a fire bridge ; one of

these chambers receives a crucible, and the other

contains a reverberatory fire chamber. Both cham-
bers are in connection with the crucible, which is

surrounded with fuel. The second chamber has a
curved or arched top, to direct the flame into the

crucible chamber to the fuel therein, or to the

open mouth. The crucible is provided with dis-

charge holes. After bringing both fires to a white

heat, molten cast iron is poured into the crucible

in such quantities as will form steel, together with
malleable iron. Vitreous fluxes are introduced.

Wrought-iron scraps, previously brought to a

white heat in an adjoining furnace, are introduced
into the cast-iron in the crucible. When the cast

and wrought irons are mixed and melted to-

gether, the contents of the crucible are drawn off

through the discharge holes. Puddling may be
carried on in the furnace by making the working
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hole at the top instead of at the side. The pud-
dling instrument is an iron ball on a bar, worked up
and down by chain and pulley, or by hand.

James and Jones' Steel Process.—Messrs. James
(of Ebbw Vale) and Jones (of Govilan) have

specified a patent relating to the manufacture of

steel, under which they claim the application of

carbonizing and nitrogenizing gases under pres-

sure to wrought iron in a receiver closed gas-tight.

These gases are formed in a separate generator,

and thence forced into the receiver through an ac-

cumulator or otherwise, or the gases may be formed
in the receiver itself, partially or wholly. The ni-

trogenous gaseous compound preferred is cyanogen
gas. They also claim the use under compression
of blast-furnace waste gases, containing carbonic

oxide, ammonia, and nitrogen ; also other waste
gases containing the necessary elements for the

conversion of wrought iron into semi-steel or

steel.

The Siemens-Maktin Process.—Messrs. B. Sam-
uelson & Co., of Middlesborough, write to

'•Engineering" that they do not (as had been
stated) remelt the ingots produced by this process,

but roll them, without hammering, into soft steel

plates, capable of resisting a tensile strain of from 34

to 35 tons per square inch, and into rails which
have withstood repeated blows of a weight of 21

cwt, falling from a height of 26 feet. As to the use

of Cleveland iron—whilst it has not been possible

to use it for the bath, they have, by Eichardson,

Johnson & Co.'s process of purification, succeeded

in freeing the puddled bar, made out of Cleveland

iron, from phosphorus to a sufficient extent to ob-
tain the results stated.

The Temperatures (centigrade) best adapted to

the tempering of various instruments are seen

in the following table :

Lancets 210°—215°
Other surgical instruments 220

Razors 225
Penknives, erasers 230 —235

Scalpels, cold chisels for iron 240

Shears, sheep shears, gardening tools 250
Hatchets, axes, plane irons, pocket-

knives 260 —265
Table knives, large scissors 270 —275
Swords, watch springs 285
Large springs, daggers, augers 290
Saws, some springs 310 —315

Various other instruments requiring
less hardening 320

Chromium Steel.—It has long been known that

an alloy of 60 parts of chromium and 40 parts

of iron is so hard as to scratch glass like a dia-

mond, and such an alloy may be formed by heating

oxide of chromium in a blast-furnace with me-
tallic iron. Experiments are now being carried on
to produce a species of steel, suitable for rails and
other purposes, by adding chrome ore and man-
ganese to the iron in the puddling furnace ; and the

results are said to be promising, though not yet

conclusive.

Creusot.—The Bessemer process is being intro-

duced on a vast scale, and 80 new puddling
furnaces are being added to this immense estab-

lishment

Powder Hammer.—If the following, which has
"gone the rounds," etc., for a year or so,

works, a description of the apparatus, mould stop-

pers, strength of parts, etc., it will be gladly and
prominently quoted and credited by Van Nos-
trand's Magazine : A French periodical states

that Mr. Galy Cazalat has invented an ingenious
process for compressing molten steel, intended for

guns, so effectually as to save all the labor of ham-
mering. In the upper part of the mould into

which the metal is run is an apparatus containing
a small quantity of highly inflammable powder,
which, in burning, generates gas in such quantity
as to produce thereby, in a short time, a pressure
often atmospheres. This pressure expels the gases
contained in the steel, and forces the metallic
molecules into the closest union.

Iron or Steel Direct from the Ore.—In order
to produce iron or steel direct from the ore,

Mr. G. W. Nasarow, of St. Petersburgh, treats the
ore with a solution of carbonate of soda in water,
allowing the solution to stand a considerable time
in contact with the ore. The weight of the car-

bonate of soda employed may be about one-fortieth

part of the weight of the ore. The ore thus pre-
pared is placed in a furnace—a reverberatory fur-

nace supplied with a hot blast may be advantage-
ously employed. The ore is melted down and
iron or steel is obtained, according as the metal is

allowed to remain in the furnace a longer or shorter
time. The compact bloom obtained may be forged
and rolled. Scrap iron may be treated in the
same way, but in some cases it is necessary to add
more carbon.

Iron from Pyrites.—Experiments are now being
made in New York, with a view to the produc-

tion of merchantable iron from pyrites. At a re-

cent meeting of the Lyceum of Natural History,
Professor Eggleston stated that the furnace em-
ployed is similar to an old Swedish furnace, very
much cut away, and steam heat is employed ; the
material is kept in the lower part of furnace at a
white heat, till agglutination takes place ; the pasty
mass is then skilfully worked and separated into
grains, and afterwards withdrawn. He would not
prejudge the case, but entertained no hopes of suc-
cess.

Manufacture op Steel.—Puddled bar is con-
verted into steel, according to the invention

of Mr. V. Gallet (referred to in the Mining Journal),

by coating the bars with a paste composed of wood
Aiarcoal, 20 parts ; soot, 12 ; lamp-black, 15 ; ivory

black, anthracite, plumbago, 1 each ; carbonate of

lime, 33 ; carbonate of potash, 3 to 20 parts ; car-

bonate of soda, 10 ; caustic potash, sea salt, sal

ammoniac, 1 each ; clay, 13 ; oxide of manganese,
3 ; and resin, 3 parts—the whole combined with
water. The iron is coated with the paste, and the
cementation conducted in the usual manner.

Shotting Melted Metal, by pouring it into wa-
ter, is largely practised, and is a very conve-

nient way of reducing iron and steel for remelting.

But if the mass of water is not very great com-
pared with the mass of metal, and if it is not kept
cool, the generation of steam will cause explo-

sions. In several of the Bessemer steel works,
where shotting steel for remelting in crucibles is

practised, explosions of various intensity have oc-



VAN NOSTRAND'S ENGINEERING MAGAZINE. 189

curred—some simply throwing up the water and
bursting the tank. In Silesia, recently, a shot-

ting tank burst, killing and wounding several

men.

Cost of Bessemer Plant.—Much is being said,

just now, in connection with new modes of

making steel, of the great cost of the Bessemer
plant. Yet a plant capable of turning out up-

wards of 12,000 tons yearly, or 250 tons weekly,

viz. , a pah of 5-ton converters, with all machinery
complete, costs but £6,000 ; the interest upon
which, together with fuel, attendance, repairs, and
depreciation, would hardly amount to half-a-crown

a ton, whereas the cost of ingot moulds alone,

necessary in all steel melting, by whatever process

ingots are made, is as much as 4s. per ton. Of the

Bessemer plant the cost of a double-blowing en-

gine, with a pair of 3 feet steam cylinders and ±%
feet blowing cylinders, with a stroke of 5 feet, is

£1,800, or, with boilers, less than £2,500. As com-
pared with the cost of machinery necessary to work
the product of such a plant, its own cost is very
little indeed. For, with £6,000 outlay for Besse-
mer plant, £80,000 or so would be expended in the
hammers, rolls, engines, boilers, and miscellaneous
machinery, requisite for working up 1,000 tons of
ingots monthly into goods.

—

Engineering.

rVsE Pennsylvania Steel Works.—It is now over
J. a year since a charge of steel has been lost at

these works through any failure of the machinery,
tuyeres, vessel-bottoms, or refractory materials.

To those familiar with the English practice, this

will appear a remarkable result. It is due, of
course, to good construction and careful manage-
ment. The American refractory materials, as far

as developed, are not equal to the English.

\[ew Attxilxary to the Bessemer Process.—John
_Li Francis Bennett, of Pittsburgh, has patented
the use of carbonic acid gas, either alone or mixed
with atmospheric air, or with other gases or vapors,
when introduced into molten iron or other metal
for the purpose of removing sulphur, phosphorus,
and any other impurities which will form combi-
nations with the oxygen of the carbonic acid, and
deposit the carbon. It is said that this process is

about to be tried at the works ol John Brown &
Co., Sheffield.

Costly Steel-Making.—An invention explained
at a recent Converzatione of the Institution

of Civil Engineers, consists in grinding pig-iron

to powder by a very rapidly revolving cutter. The
great heat generated sets the particles of metal on
fire, and after scintillating, they fall down in a
reddish brown dust, which is gathered, placed in

a crucible, and melted.

The Bethlehem Iron Co. have purchased the
Northampton (new) furnace near their works,

and are adding a foundry and a new rolling-mill,

with Siemens furnaces, to their already extensive
plant, viz. : 2 blast furnaces, a rail mill, producing
90 tons daily, and a very large machine shop.

The French Railway and Naval Blast Fur-
naces, Forges, and Steel Works Company

have introduced the Bessemer process for the man-
ufacture of steel in their Givors Works.

RAILWAY NOTES.

I)ailways in the United States.—The develop-
l ment of our railway system has been more

rapid during 1868 than ever before. We have a
nominal increase of 3,450 miles of road, costing
$193,245,232. The actual figures are probably
3,000 miles at $150,000,000 cost. The following

table shows the distribution of mileage and
cost :—

Maine
New Hampshire
Vermont
Massachusetts
Rhode Island
Connecticut
New York
New Jersey
Pennsylvania

,

Delaware and E. Mary
laud

Maryland (other than
above*

West Virginia
Virginia
North Carolina
South Carolina
Georgia
Florida
Alabama ..........
Mississippi

Louisiana
Texas
Arkansas
Tennessee
Kentucky
Ohio
Michigan
Indiana
Illinois

Wisconsin
Minnesota
Iowa
Nebraska
Wyoming Ter
Missouri
Kansas
Colorado
Utah Ter
Nevada
California

Oregon

Total Jan. 1, 1869..

Miles of Road.

Total.

944.19
783.72
643.59

1,537.36
121.47
782.66

4,459.53
984 75

4,937.72

362.90

654.95
605.85

1,909.88
1 617.79
1,338.17
1.977.60
613.20

1,604.90
900.20
837.30

1,837.50
687.00

1,760 63
1,418.95
4.053.44
2.044.26
3,246.10
4,561.05
1,773.60
1,758.00
3,032.90
449.00
560.00

1,837.09
1,123.00
350.00
305.00
390.00

2,091.50
2,019.50

62,917.10

Open.

559.67
608 . 72
f03.59

1,4.5.43
121.47
641.23

3,328.87
972.75

4,397.74

242.94

457.45
364.75

1,464.27
1,096.67
1,076.17
1,574.60
440 20
952. tO
900.20
370.."0

513 00
86.00

1,435.63
812.65

3,351.97
1,199.26
2,600.10
3.439.95
l,'.-34.60

571.50
1,522.90
420.00
510.00

1,353.80
648.00

105.00
320.00
468.50
19.50

CCST OF
Road and
Eqctpmestt.

$19,789,521
21,975,319
24,347,149
68,345,521
5.006.665

23,064.859
182,538,123
69,770,243

256,772,257

7,483,596

28,520,899
22,404,100
47,540,038
25,0S7,414
25.131,600
31,369,075
9,294.000

28,511,726
24,545,303
14.321,'JOl

14,406.000
4.211,000

43.018.916

28,799,285
169,014,101
44,549,043
104,229,226
156,958,102
48,469,301
18,460,000
61,332,000
21,000,000
41.800,000
64,014,458
30,840.000

350.000

9,400,000
25.000,000
30,336,000

500,000

31,853,706,041

Street railways, say 2,500 miles, and double
tracks and sidings, say 25 to 30 per cent, on the
whole, are not included in the above table. The
total length of single track in the United States

can therefore hardly fall short of 60,000 miles.

THis is the work of 40 years.— Compiled from the

Railroad Journal.

British Railway Traffic and Maintenance
Statistics.—The number of passengers car-

ried in Great Britain in 1866, was 313.699,268, or

an average of about 10 journeys by rail yearly for

every man, woman, and child in Great Britain. In
carrying these passengers 19.228 vehicles were
employed, which ran 73,383,350 miles in 3,741,086
trains. It has been computed that to carry such a
traffic under the told system would require about
50,000 coaches, and more than half a million of
horses.
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The number of persons travelling by railway in

and out of London averages about 300,000 daily.

Nearly 700 trains run over the Metropolitan line

alone. The total number of local London trains

per day is about 3,600, besides 340 trains which
arrive from and depart to distant stations. Dur-
ing the busy hours of railway traffic, morning and
evening, as many as '2,000 train stoppages are

made hourly for the purpose of taking up and
setting down passengers, while about 2 miles of

railway are covered by running trains.

The annual loss of iron by tear and wear on the

13,851 miles of railway open for traffic in Great
Britain amounts to above 20,000 tons a year, while
about 250,000 tons require to be taken up, re-

rolled, and relaid. The wooden sleepers, also,

perish at the rate of about four millions per an-

num, to renew which about 10,000 acres of

pine forest require to be cut down. To maintain
the permanent way, about 81,000 men are con-
stantly employed, at the rate of 5 men per 2 miles
of double way. Besides these workmen, there are

13,000 plate- layers employed in laying down and
fixing new rails ; 40,000 artificers, who construct

and repair the rolling stock ; 26,000 porters, signal-

men, and pointsmen ; 6,000 guards and breaks-
men ; and 1 1, 000 engine-drivers and firemen ; or

a total of about 177,000 railway workmen.
The heaviest item in the working expenses of

railways is that for locomotive power. There were
8,125 locomotives at work in the United Kingdom
in 1866, or about 2 engines for every 3 miles of
railway open ; and the work they performed during
the year, was the haulage of 6 millions of trains a
distance of 143 millions of miles.

The average working " life " of a locomotive is

about 15 years, during which it will run about
300,000 miles, undergoing during that time many
repairs and renewals ; after which it may be con-
sidered used up, when it is sent to the scrap heap.
Thus, taking into account the tear and wear of the
locomotives at work in the United Kingdom,
about 500 engines have to be replaced yearly ; and
as a good locomotive costs from £2,500 to £3,000,
the expenditure on new engines amounts to about
million and a quarter sterling yearly.

As to cost of working, a passenger engine will

consume about 30 lb. weight of coke per mile, and
a goods engine 45 lb. Hence the coal and coke
used in 1866 was about two and a half million tons.

The average earnings of each locomotive amount
to about £5,000 yearly, or equal to 5s. a train

mile. According to a recognized formula, the

working expense per train mile is 2s. 3d., which
may be thus divided : Is. for maintenance of

stock, 3d. for maintenance of way, 9d. for coach-
ing and goods expenses, and 3d. for miscellaneous
expenses.— The Quarterly Review.

Fast Running.—A train on the Chicago and
Northwestern recently made the unprece-

dented run of 91 miles in 90 minutes. The quick-

est prior runs of which we have any record are as

follows : In England 18 miles by a special train

in 15 minutes. In the United States, 14 miles in

11 minutes, by an engine and 6 cars, on the New
York Central ; 10 miles in 7^ minutes, on the
Pennsylvania Railroad ; 144 miles in 2 hours 49
minutes, on the Hudson River road ; 84 miles in

90 minutes, from Indianapolis to Union City ; 305
miles in 7 hours 42 minutes, from Albany to

Niagara.—Exchange.

Oregon Branch of the Pacific Railway.—It

will require only about 330 miles of railroad to

open a communication between the Union Pacific

Railroad, near the north end of Salt Lake, and the
city of Portland, in Oregon. The whole distance

is 645 miles, but 300 can be travelled by steamboats
on the Snake and Columbia rivers.

PERMANENT WAT OF THE LONDON METROPOLITAN
Railway.—All the rails on this line are of

steel, weighing 84 pounds per yard, and resting on
sleepers placed about 2 feet 8 inches apart, centre

to centre, and 1 foot 10 inches apart at the joints,

which are made with fish plates, and 4 bolts sev-

en-eighths ineh. diameter. The sleepers are bedded
upon 14^ inches screened gravel.

Turkish Railways.—The resources of Asiatic

traffic are in a measure shown by the earnings

of the Smyrna and Cassaba Railway, 61 miles long,

now earning £2,000 a week, or nearly £33 per
mile per week. During the week last reported,

4,696 passengers and 2,166 tons of goods were car-

ried.

Railway Ferries are somewhat used in Great

Britain. There is one across the Tay at

Broughty, and one across the Forth at Granton.

They are only for goods trains. The boats carry

25 short cars at a time.

Dutch Railways.—A new link in the line from
Amsterdam to Paris was recently opened—the

Utrecht and Waardenburg—and the whole line

is promised to be completed by the end of this

year.

Government and Railways.—A strong pressure

is being brought to bear upon the British

Government, in favor of buying the Irish railways

upon terms submitted during the last session of

Parliament by a joint committee.

MISCELLANEOUS.

RESOURCES AND WORKS OF PENNSYLVANIA.—The
anthracite coal production of this State in-

creased from 365 tons in 1820 to 12,650,671 tons

in 1867. The bituminous coal field covers 1,300

square miles ; the anthracite, 470. The production

of pig iron, begun in 1720 in Chester county, has

been increased and diffused until it amounted in

1867 to 839,496 tons. Pennsylvania is first among
our States in the production of both coal and iron,

and second only to Massachusetts in the range

and extent of her manufacturing industry. She
has 972 miles of canals, which cost $38,660,397,

and 3,097 miles of completed railroads, which cost

about $250,000,000, being foremost of all the

States except possibly Illinois, in railroads, and be-

fore all but New York in canals.

Scale in Locomottve Boilers.—The locomo-
tive superintendent of the Chicago and North-

western Railway, has for 3 years past suc-

ceeded, although using very hard water, in keep-

ing his boilers free from scale by merely intro-

ducing once in about 3 months, 12 pounds of

pure zinc, in pieces about one-half inch square.

This appears to gradually clean the boiler, and to

prevent the formation of fresh scale. The zinc
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wholly dissolves in from 3 to 5 months, and the

inner surfaces of the boiler plates are then found
covered with a thin coating of zinc, as are also the

ends of screws taken out for examination.

Broken Screw Shaets.—It is but lately that the

Hibernia was lost by the breaking of her screw
shaft within the stern tube, the broken ends foul-

ing and so forcing away the after-end of the shaft,

thus admitting a flood of water into the hold.

The Borussia, of the Hamburg American line, put
back recently on her way to New York, with her
screw shaft broken, but happily not inside the
stern tube.

Strength op Corrugated Iron.—We devote this

month more space than we shall ordinarily al-

low for a single article, to the comprehensive paper
on this subject. It is a paper that can hardly
be condensed, and as it is comparatively new mat-
ter, and likely to be frequently referred to, it will

be more useful and convenient in this form, than
if divided.

The New York Stock Yard at Communipaw
covers, with its buildings, 15 acres of ground.

The average market consumption of New York per
week is. beeves, 5,500 ; of swine, about 21,000 ; of
sheep and lambs, about 22,000. The capacity of
this Abbatoir for slaughtering and dressing is : of
beeves, from 6,000 to 7,000 ; of swine, upwards of
35,000 ; and of sheep, upwards of 25,000.

"VTew Books.—Under this head we intend to give,

_Ll each month, the titles of all prominent new
books connected with Engineering, together with
a very brief abstract of reviews of them by our
contemporaries.

The New Dam at Cohoes across the Mohawk
river will be the largest work of the kind in the

State. It is 1,640 feet long, from 14 to 20 feet

high, 16 to 18 feet wide at the bottom, and 10 at
the top. Some 500 feet of the dam are completed.

St.
Paul's Cathedral.—The total cost of the

erection of St. Paul's Cathedral was £747,954
2s. 9d., less than $4,000,000. It is slightly larger
than the New York Court House.

Steamship construction and engines will form the
subject of a comprehensive article in the March

number of this magazine.

The Coffer Dam at Bock Island, is seven-eighths
of a mils long, and from 8 to 14 feet wide, and

contains a million feet of lumber.

Small Locomottves for mines, quarries, stock
yards, etc., to take the place of teams, are

building by Grice & Long, Philadelphia.

NEW BOOKS.

SHIPBUILDING IN IRON AND
TREATISE GIVING FULL DET

PROCESSES OF MANUFACTURI
EANGEMENTS ; WITH RESULTS
IRON AND STEEL. AND ON THE
TIGHTNESS OF RIVETED WORK.
B., Chief Constructor of the

Steel. A practical
AILS OF CONSTRUCTION,
, AND BUILDING AR-
OF EXPERIMENTS ON
STRENGTH AND WATER
By E. J. Reed. C.

Navy, Vice President

of the Institution of Naval Architects, and Hono-
rary Member of the Liverpool Literary and Philo-
sophical Society.

There are several excellent works, by distin-

guished authors, on this subject. Mr. Scott Rus-
sell and Professor Rankine, go very fully into sta-

bility and form of least resistance. Mr. Reed
treats in a more comprehensive and practical man-
ner of details of construction, and strength of ma-
terials and forms. The work is complete in oue
8vo volume of 540 pages, and the excellent plan of
having the illustrations inserted in the letter-press

has been followed, thus avoiding the necessity for

a separate volume of plates. There are upwards
of 260 wood-cuts, and five steel plate engravings.
The book is divided into chapters on the strength
of iron ships : on keels, keelsons, and garboard
strakes ; on stems ; on stern-posts ; systems of
framing, in various chapters ; deck stringers and
plating ; bulkheads ; topsides ; rudders ; iron
masts ; steel plates for ship-building ; rivets ; test-

ing iron and steel ; Lloyd's and rules for ship-
building ; armor plating, etc. The best evidence
that can be adduced in favor of the practical na-
ture of the work is that the Lords of the Admiral-
ty have directed that the examinations in practical
iron shipbuilding of candidates for promotion in
the Royal Dockyards will, in the main, be based
upon Mr. Reed's treatise.

" Engineering " says of the work :

Not only is it distinguished by its essentially

practical tone, and the fullness of the inlormation
it affords with respect to details, but it also con-
tains several other novel features, which, in our
opinion, are well worth notice. One of these con-
sists in the fact that, instead of giving the usual
historical sketch of the progress of iron shipbuild-
ing, that progress is traced in the notices of the
various parts of the ship. For example, in the
chapter on "keels, keelsons, and garboard
strakes," there is given an account of the steps by
which shipbuilders passed from the wooden and
hollow iron keels and keelsons of the early ships
up to the present arrangements. This course is

followed throughout the work, and has the further
interest of sometimes showing how arrangements
which had fallen into disuse had been re-applied
recently. Before the appearance of this book, no
accurate and detailed account of the changes made
in the construction of iron-clads, from the time of
the Warrior's building up to the present, had ap-
peared. This want has, however, been supplied
most satisfactorily in the present volume. We
find in this volume, also, fuller notices of the prac-

tice of private builders with respect to the various
parts of iron ships than have ever previously ap-
peared. Scarcely any of the great firms remain
unrepresented.

SCIOGRAPHY, OR RADIAL PROJECTION OF SHADOWS.
By R. Campbell Puckett, Ph. D., Head

Master of the Bath School of Art. London : Chap-
man & Hall, 193 Piccadilly, 1863.

This work is well reviewed by the "Mechanics'
Magazine," which says :

Sciography, or the science of shadows, has never
received that special attention it deserves. This
is evidenced by many architectural drawings,

where the attempt to unite the mechanical projec-

tion of shadows with perspective representations,

produces many errors, and shadows of the most
impossible character. To correct this tendency by
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means of a text- book, has fallen to the lot of Dr.

Puekett, who has well performed his part. The
work is very properly limited to the perspective

projection of shadows, and, therefore, pro-sup-
poses a knowledge of linear perspective on the

part of the student. It forms, therefore, a supple-
ment to perspective studies.

The Mechanic's and Student's Gotde in the
Designing and Construction of General Ma-

chine Gearing, as eccentrics, screws, toothed
wheels, &c, and the drawing of rectilineal
and curved surfaces, with practical rules and
details. Edited by Francis Herbert Joynson,
author of "The Metals Used in Construction."
Edinburgh : William P. Nimmo, 1868.

The " Building News" states that thi3 book goes
very fully and satisfactorily into the subject of
shafting. The '

' Mechanics' Magazine " says : The
student will find rules for the construction of the
above parts of machinery, as well as practical rules

and details for drawing rectilineal and curved sur-

faces. Of course, this work assumes an acquaint-
ance with mechanical drawing. The details and
calculations of shafts, pedestals, and pulleys, are
carefully considered, after which we have a selec-

tion of geometrical problems. The volume is ac-

companied by eighteen sheets of diagrams.

A Practical Treatise on the Manufacture of
Portland Cement. By Henry Reid, C. E.

To which is added a Translation of M. A.

Lipowitz's work, describing a new method
adopted in Germany of manufacturing that
cement. By W. E. Reid. London : E. & F. N.
Spon, 48 Charing Cross. 1868.

"The Engineer" says this is an excellent and
thoroughly practical treatise. The '

' New York
Tribune" says : "Among the chief merits of the
book are extensive plagiarisms from Major-
General Gillmore's standard American treatise on
Limes, Hydraulic Cements, and Mortars. We pre-

sume the profession in America are perfectly wil-

ling to furnish material for the writers of books on
the other side of the water, provided due credit is

given, and the ordinary courtesy among gentlemen
is observed in the matter.

"

A Treatise on the Metallurgy of Iron. Con-
taining outlines of the history of Iron Manu-

facture, methods of assay, and analyses of iron

ores, processes of manufacture of iron and steel,

etc. By H. Bauerman, F. G. S. First American
edition revised and enlarged, with an appendix on
the Martin process for making steel, from the re-

port of Abram S. Hewitt, U. S. Commissioner to

the Universal Exposition at Paris, 1887. Illus-

trated with numerous wood engravings. New
York : Virtue & Yorston, D. Van Nostrand.
This work has already had a wide circulation,

and is officially adopted as a regular book of refer-

ence in one of our best engineering schools. For
a comparatively small and cheap book, it is per-
haps the best and most thorough work in print, on
this subject

Examples of Modern Steam, Gas, and Air
Engines. By John Bourne, C. E. London :

Longmans, Green, Reader, & Dyer, Paternoster-
row.

_
Parts Vt. and VII. of this admirable trea-

tise are now published. The author continues

the discussion upon water-jet pumps and
pumping engines. He then enters upon
the subject of fire-engines. We next have a
dissertation upon blowing engines. The plates

which accompany parts VI. and VII. represent the
slide, expansion and valve gear, and the boilers of
R. M. S. "Russia," and the 15 horse power
high pressure inverted screw engine, made at the
Motala Iron Works, Sweden. The quality of Mr.
Bourne's writings on the steam-engine and kin-
dred subjects, is too well known to require com-
ment.

Personal Recollections of English Engineers,
and of the introduction of the railway

System into the United Kingdom. By a Civil

Engineer, Author of the " Trinity of Italy. " Lon-
don : Hodder & Stoughton, 27 Paternoster-row,
1868.

In closing a long review of this book the
"Builder" says : The book which we have thus
condensed will be found amusing, as well as in-

structive reading. Engineers and contractors will

recognize in it many portraits, though the name
be not written beneath the picture ; and legislators

will discover hints here and there deserving their

attention. Other authorities do not consider the
book as taking rank among scientific works.

Modern Screw Propulsion. Bv N. P. Burgh.
London : E. & F. N. Spon, 48 Charing Cross.

This treatise has reached Part X. , in which the
chapter on the modern details of screw propellers

is concluded, and an interesting chapter on bear-

ings, by Mr. John Penn, is given. Particulars and
engravings are given of the experiments and appa-
ratus, by which Mr. Penn proved the practical

utility of wood bearings when submerged in salt

water. The 3 plates accompanying this part

illustrate the geometry of the screw propeller, a
3 bladed twin screw propeller, and the geome-
try of the Griffith's screw propeller.

Irrigation in Southern Europe, being the re-

port of a Tour of Inspection of the Irriga-

tion Works of France, Spain, and Italy, un-
dertaken in 1867-63 for the Government of
India. By Lieutenant C C. Scott Moncrieff,
Royal Engineers Assoc. Inst. C. E. London : E.

& F. N. Spon, 48 Charing Cross.

A Practical Treatise on Heat, as applied to
the Useful Arts ; for the use of Engi-

neers, Architects, &c. By Thomas Box, Author
of "Practical Hydraulics." London : E. & F. N.

Spon, 43 Charing Cross. 1868.

This is pronounced by competent authorities to

be a valuable work.

A
Manual of Practical Assaying. By John
Mitchell, F. C. S. Third edition, edited by

William Crookes, F. R. S., etc. London :

Longman, 1868.

This is a new and much enlarged edition of a

standard work. It is an octavo volume of 780

pages.

A
Practical Treatise on Metallurgy, adapt-

ed from the last German edition of Prof.

Kerl's Metallurgy. By Wm. Crookes, F. R. S.. etc.,

and Ernst Rohrig, Ph. D., M. E. London :

Longmans, 1868.
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HISTORY OF DECARBURIZING IRON.

The subject of greatest interest, at this

time, to the engineering profession, and to

the public (excepting only the construction

of the new Cabinet), is the cheapening of

iron in a malleable form. The success of

the Ellershausen process of making malle-

able* pig-blooms, by mixing ore with iron

as it runs from the blast furnace, has stimu-

lated an amount of experimenting entirely

unprecedented in the history of the iron

manufacture. We venture to say, that in

every considerable iron works in the United
States, the ore process has been more or

less tried, in some form, during the last

three months, and that in at least half these

establishments the Ellershausen turn-table,

or some other mixing apparatus is in process

of construction or in experimental use.

Nitrates, for decarburizing crude iron, are

also the subject of experiments, either upon
the plan of Heaton, or as an auxiliary to

puddling. Nearly every expert in iron

working has a scheme of his own, and the

Patent-office is getting as crowded with iron

and steel papers as with claims for veloci-

pedes.

Just at this time, therefore, an abstract of

the history of purifying crude iron, will be
read, we think, r.ot only with interest, but
with profit. Many thousands of dollars that

would otherwise be wasted in the attempt to

patent processes that are old, may be saved
by a careful reference to patents already in

existence. The official and most carefully

prepared abstracts of specifications, issued

* That is to say, malleable after being sufficiently

heated to be got into the form of a puddle ball.

Vol. I.—No. 3.—14.

by the British Patent-office, may be fairly

presumed to embrace nearly every invention

of value. Probably no process of sufficient

novelty to become the subject of a patent,

has remained unprotected, and the British

list is likely to embrace the inventions not

only of Britain, but of America, France and
Germany, because improvements in the iron

manufacture are worth more, and will pay
better, in England, than in any other coun-

try. American iuventors generally obtain

patents in England first, to be certain of se-

curing their claims there. Of course there

are many experiments that never become
the subject of patents or publications—but

mere experiments that have not been able to

lead to successful practice, are no bar to the

issue of patents to other and successful ex-

perimenters with the same means and in the

same direction. And although the publica-

tion of the many unrecorded trials and
schemes that have been made and suggested

would be of interest, it would not be of

very great value as compared with a record

of patented inventions ; there is certainly

no means of getting at the unrecorded

schemes, except the laborious and costly

means of patent suits, which from time to

time call up some of the more important

ones—generally with little practical effect.

We propose to give abstracts of the
" Abridgements of the Specifications relat-

ing to the Manufacture of Iron and Steel,"

in the department of decarburizing and
purifying crude iron so as to make it malle-

able and tenacious. For convenience of

reference we shall prefix to each abstract a

very brief statement of what the patent is

about—the gist of the matter ; and although
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we shall omit all merely formal parts, we
shall quote, in the words of the patent itself,

all those statements that form the essence of

the invention, and would be the subjects of

legal claims.

DECARBURIZATION AND PURIFICATION
BY MEANS OF CINDER, ASHES, SALT,

SILEX, POTASH AND CLAY.

Payne, John.—1728, Nov. 21. No. 505.

The improvements in the manufacture of iron

consist " in putting certain ingredients into fusion

with pig or sow iron ; videlicet, the ashes of wood
and other vegetables, all kinds of glass and sand-

ever, common salt and rock salt, argila, kelp, and

pot ash, slegg or cinders from iron furnaces, and

forges, proportionable parts of the said ingredients

being put into fusion or melted with pig, sow, or

other brittle iron, which will make the like change

as charcoal does in the fire called the finery in

common forges, and will render the same into a

state of malleability, as to bear the stroke of the

hammer, to draw it into barrs or other forms att the

pleasure of the workman, and those or other barrs

being heated in the said melted ingredients in a

long liott arch or cavern, as hereafter is described;

and those or other bars are to pass between two
large mettall rowlers (which have proper notches

or furrows upon their surfass), by the force of my
engine hereafter described or other power, into

such shapes and forms as shall be required."

Note.—The "finery " referred to is the run out

or fining fire still in use in England—blowing air

down upon melted iron to partially decarburize it

preparatory to farther refinement. The Bessemer
process is a vast enlargement of this idea.

The " long hott arch " described in another part

of the patent, is a reverberatory furnace. This

subject and other features of the iron manufacture

will be taken tip in another series of articles.

Kelp is calcined sea-weed ash. " Argile " or

argil is alumina.

FINERY IRON MIXED WITH SLAG, SCALES,
SAND, LIME AND OTHER FLUXES, AND
SOMETIMES WITH MALLEABLE SCRAP,
AND MELTED IN CRUCIBLES.

Wood, John.—1761, Feb. 5. No. 759.

" A way of making malleable iron from pig or

sow metal " and of making " the malleable iron

hard or soft or of other required qualities," by
" raw pitt coal," some of the operations being
" preparatory " and others "peculiarly essential."

The pig iron when prepared as hereinafter men-
tioned, is put into close vessels of clay and mixed
with the fluxes. The crucibles being hermetically

sealed, are placed in an air furnace, and their con-

tents are melted; the fluxes and impurities form
slag, and " the iron is brought into a tough and
malleable state," and then is wrought into bars

under the forge hammer. The preparatory opera-
tions are,

—

1st. " I take pig or sow iron." " This I flour-

ish or heat and work in a common finery, with a

blast" and coal fire until it is refined and ''brought

near to a malleable state," or brought to nature.

It is then melted in the close vessels above de-
scribed.

2d. " To the iron thus flourished I sometimes
add a due proportion of small pieces of malleable
iron, when the cast metal" is very brittle, and the
coals very sulphurous.

3d. "I also take the same cast metal, and
melt it down in an air furnace," and then I reduce
it

u into small grains (according to art) by pour-
ing it into water upon a wheel or roller turned
briskly round. The granulated me'al " is "mixed
with various fluxes, according to its nature and the
uses for which the iron is intended, as with iron

slag or cinder, scales or scoria of iron, fusible

sand and lime, kelp, soaper's waste." The fluxes

or additions " I put with the granulated metal
into close vessels, and work " in the air furnace,

as above described.

4th. The cast iron is sometimes " formed into

thin plates," which are broken " into small pieces

and put into the pots," with " due proportion of
fluxes," and so "reduced to a malleable state."

Note.—Mixing wrought iron scrap with cast iron

finds its practical development in the Siemens-Mar-
ten process.

The granulation of iron by means of water and
the revolving table, is now practised in preparing
iron for crucible steel making and other purposes.

The soaper's waste referred to, is wood ashes

containing potash or soda.

The " raw pitt coal " referred to in the title, is

used in the finery.

making cast iron malleable without
blast, by granulating it and re-
peatedly melting it in pots with
cinder, scales, sand, lime, ashes
and other fluxes, and sometimes
with scull or scrap iron.

Wood, John and Charles.— 1763,

29. No. 794.

The pig iron is either granulated by being pour-
ed hot into cold water, or pounded with heavy
stampers. Scull or cinder is pounded in like

manner. If the iron be of red short quality it is

sprinkled with strong lee of kelp, and then flour-

ished or melted in closed pots with proper fluxes,

such as slag scales or scoria of iron, sand, lime,

kelp, or soaper's waste.

If this operation does not sufficiently flourish or

reduce the iron to nature, it is again broken by
the stampers, and flourished a second or third

time.

The iron is then again pounded, and sometimes
mixed with pure scull or scrap iron, and is fit for

chaffing or melting in the close pots, with a cov-

ering of clay, when it becomes " perfectly tough
and malleable," and is to be " wrought under the

hammer into half blooms."

making pig iron malleable in a re-

verberatory or air furnace with
raw pit only.

Cranage, Thomas and George.—
1766, June 17. No. 851.

" The pig iron is put into a reverberatory or air

furnace, built of proper construction, and, without

July
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the addition of anything more than commonraw
pit coal, is converted into good malleable iron,

and being taken red hot from the reverberatory fur-

nace to the forge hammer, is drawn into bars of

various shapes and sizes, according to the will of

the workman."

Note.—We here see the importance of consider-

ing the state of the art at the time when the inven-

tion was made. After Cort had invented puddling,

Cranage's specification would have been, in general

terms, a description of that important invention.

But before Cort's specification was issued (see ab-

stract of it further on) we doubt if Cranage's

would have guided any one " skilled in the art," to

puddling. The two words "is converted'' stand

for the whole process of stirring up the iron with

the rabble. The use of raw pit coal, which gave

such great Value to Cort's invention, is, however,

mentioned. (See Percy's Metallurgy , Iron and
Steel, p. 636.)

MORE RAPID DECARBURIZATION IN THE
PINERY BY THE USE OP MORE TUYERES
AND A MORE DIFFUSED AIR BLAST.

Cockshutt, John.-1771, May 2. No. 988.

The patent first describes making malleable iron

(if " right managed ") in the finery, from ore mix-
ed with cinder.

Pig iron is made into wrought iron by heating

sufficient for a bloom or loup in an air furnace, or

with bellows. The heated metal is then put into

a finery or bloomery, and melted with charcoal
until it comes to nature, when it is sunk into a
bloom and another charge is supplied. The finery

is made of metal plates, open on two or more sides,

so that men may work at least on two sides. "In-
stead of having only one tuiron " for the blast,

there are " several tuirons, so as to direct the
wind from the bellows to operate upon the iron in

every part of the fire." The number of tuirons is

regulated according to the nature of the iron.
" This new finery, and new method of working,
requiring a greater supply of wind than the com-
mon way," an air reservoir with valves is con-
structed to regulate the blast, the supply being
provided by the requisite number of bellows.

Notf.—Ninety-eight years ago this iron worker
had a better appreciation of the theory of air re-

fining, which has since been so successfully worked
out bi/ Bessemer, than some of Bessemer's competi-
tors have to-day. The idea of diffused blast is one
of the leading ideas of Bessemer' s invention, and if
Cockshutt had blown a little harder , so as to pene-
trate the metal, he would have made a loup malle-
able in whole or in part, but he would not, of
course, with any means then known, have produced
his malleable metal in a liquid state. Some of the
early claimants of the Bessemer invention used but
one tuyere, and did not diffuse the blast.

MAKING "STEEL" OR A HIGH IRON LIKE
PUDDLED STEEL DIRECTLY PROM PIG
IRON IN A BLOOMERY.

G-oodyear, James.—1771, Dec. 20.
No. 1,000.

" Place the pig or cast iron in the fire as when
you intend" to make bar iron, but the blast of the

bellows must not be so strong. "When some of

the iron is sunk in the fire you must work from
the bottom as when you make iron, but keep
melting iron as at first. When there is a sufficient

quantity to make a loup let the whole sink to the
bottom," when it may be fused and shingled, and
drawn as common iron. " The fire must be kept
as free from cinder as possible. The addition of
common salt and other saline substances," and
animal or charcoal dust, improves the steel. " The
finest steel, after it is made as above, may be con-
verted in the same manner as common steel is

made from bar iron."

Note.— The decarburized iron appears to be re-

carburized by keeping the pig iron melting above
it after it is sunk in a loup, and also by charcoal
dust, and it may be further recarburized by " con-
verting."

Steel is here mentioned by name, for thefirst time
in the patent records.

making malleable iron prom pig,
with raw coal or coke, without
granulations or admixtures, prom
broken and washed finery iron.

Jesson, Richard, and Wright, John.
—Oct. 30, 1773. No. 1,045.

Pig iron, or scull or cinder iron, is melted in a
finery with blast and with raw coal only, and taken
out in lumps while hot. beaten into plates by a flat

stamp or hammer, broken small and well washed
by hand or in a rolling barrel. The broken metal
is then melted in an air furnace or in closed pots
and then " beaten into bars from a chaffery in the

common way." If the metal be red short or cold
short, it is mixed in the pots with the proper
quantity of scrap or nutt iron.

Note.—There appears to be nothing new or
feasible here, except the washing in a rolling bar-
rel, if red short iron, which the patentee mentions,
was used ; the lumps taken out of the finery and
hammered would not require much farther break"
ing up, even if the carbon were sufficiently re-

moved to render the mass malleable. If he made
this process work, he has not told us how.

FLUID IRON FROM THE SMELTING FUR-
NACE STIRRED AND WORKED (AND IT

WOULD APPEAR) PUDDLED IN AN AIR
FURNACE BY THE AID OP AIR BLAST
AND WATERY VAPOR.

Onions, Peter.—1773, May 7. No.
1,370.

Two furnaces are used, a common smelting fur-

nace and another furnace of stone and brick,
" bonnd with ironwork and well annealed," into

which the fluid iron or metal is received from the

smelting furnace. " A quantity or stream of cold
water is run or put into the cistern or trough un-
der the ash-grate." The furnace is then charged
with fuel and closed up. and the doors luted with
sand. The blast is then admitted below the grate,and
when the furnace is sufficiently heated the liquid

iron metal is taken from the smelting furnace in

ladles, and introduced through an aperture, which
is then closed. The blast and fire are then used
"until the metal becomes less fluid aud thickens
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into a kind of paste, which the workman by open-
ing the door turns and stirs with a bar or other
iron instrument, and then closes the aperture
again, and must apply the blast and fire until there
is a ferment in the metal." If no ferment ensues,
a blast of cold air is to be blown upon the metal
from an extra pipe. "As the workman stirs the
metal" the scoria will separate, "and the parti-
cles of iron will adhere," these the workman
" must collect or gather into a mass or lump."
This is to be reheated to a white heat, and then
taken to the forge hammer and forged into malle-
able iron. Instead of running fluid metal into the
furnace, pig iron may be placed and melted there,
and operated upon as above described. The forge
hammer is connected with an air cylinder whose
piston is attached to the helve, and "is worked by
it. The cylinder is either placed above the helve
and acts as a buffer on the compression principle,
or is placed below and on the exhaust principle
draws down the hammer.
Note.—It is difficult to see, from the patent re-

cords, why this patent does not in a great degree
anticipate CorVs. Onions' drawings show a re-
verberatory furnace, and not a bloomery or finery
fire in which the fuel and iron might be mixed to-
gether. The stirring with a bar, the ensuing
fermentation, the coming to nature and the aggre-
gation of the puddle ball, are distinctly described.
(S^ee also Percy's Metallurgy, Iron and Steel, page
608.)

The direct blast of air would not be considered
an element in puddling, as explained now-a-days
by Mr. Siemens. (See Van Nostrand's Mas:.. Vol.
1, No. 1, page 38.)
A considerable quantity of steam must have been

formed under the grate, and passed over with the
flame The modern Pomeroy process revives this
practice.

Peter Onions was a successful iron maker ; his
knowledge of the subject—9Q years ago—was cer-
tainly in advance of the times.

PUDDLING.

Cort, Henry.—1784, Feb. 13. No. 1,420.

On Jan. 17, 1783, Mr. Cort patented a process
of faggoting bar iron and of welding by rolling in
grooved rollers. The title of the puddling patent
of 1784 is as follows : "Shingling, welding, and
manufacturing iron and steel into bars, plates,
rods, and otherwise, of purer quality in larger
quantities by a more effectual application of fires

and machinery, and with greater yield than any
method before attained or put in practice."

The patentee uses a reverberatory furnace heat-
ed by coal, having a concave bottom, into which
the fluid metal is run from the furnace, or pig
iron is put in and melted. When the workman
discovers, by looking through a hole, that the
metal is sufficiently melted, he opens an aperture,
by preference, in the bottom of the door, and
works and stirs up the mass of metal with iron
bars, " which operation is continued, as may be
requisite, during the remainder of the process."
An ebullition of the metal soon takes place, and
the stirring with the bar is continued till the metal
is ••flourished and brought to nature," when it is

collected in loops and drawn out of the door. All
small nieces that may happen to remain are
cleared away. These with scull and parings and

nut iron may be thrown into the furnace and
worked up with the iron while it is being
brought to nature. The iron so prepared may be

stamped into plates, broken, piled, and worked in

an air furnace, in pots, or without. " But the

method invented by me is to continue the loops

in the same," " or reheat them " in another air

furnace to a welding heat, and then shingle them
into half blooms or slaos. These may be heated
in the chaffery, " but my new invention is to put
them again in the same or another air furnace"
from which the half blooms or slabs are taken,

and either drawn down under the hammer or

rolled through grooved rollers at a welding
heat. Iron and steel so prepared is of good
quality, whether the blistered steel be made from
fagoted iron or from iron made by the above pro-

cess. "The whole method" is "completed without
using finery, charcoal, cokes, chaffery, or hollow
fire without requiring any blast " or " the use of

fluxes."

Note.—This patent, and the patents of Nielson.

(hot blast), Heath (carburet of manganese in steel

making), Bessemer, Mushet, (recarburization),

Siemens, and we may perhaps add, the process of
Ellershausen, are the most remarkable in the his-

tory of the iron manufacture. With the exception

of Bessemer's process, CorVs has made a greater

revolution in refining iron, andhas stimulated and
cheapened production in a greater degree than any
other process.

Puddling " without the use of fluxes," however,

as specially stated by Cort, has already gone out

of use, and the improvements that are created by or

will grow out of the Ellershausen process, are

likely to revolutionize puddling to as great a de-

gree as puddling revolutionized blooming. In the

best practice, the ore used in fettling supplies the

waste caused by the oxidation of iron in the pud-

dlingfurnace, and improves the quality of the pro-

duct. More recent experiments in the puddling

furnace, with as much as 30 per cent of ore, pul-

verized and worked into the melted iron, have

increased the yield from six to eight heats per day,

thus decreasing the cost, and at the same time

making good the waste of iron, and improving the

quality of the product.

(To be continued.)

T
Employment op Cotton Waste as
j Manure.—M. Dupont-Poulet, a French

cotton spinner, has for the last ten years

used his cotton waste for seed beds and early

crops. He mixes it carefully with stable

manure, and thus avoids, as he says, the

burning and the chills which manure alone'

often causes. M. Dupont-Poulet's example

has been followed by his neighbors, some of

whom have gone beyond him ; one of them
had the idea of using cotton in the forcing of

asparagus, that is to say, he spread a layer of

cotton waste, about eight inches thick, over

one of his asparagus beds, and found that the

snow when falling upon it disappeared very

rapidly; he was able, without any other cover-

ing but the cotton, to gather fine, tender, well-

flavoured asparagus in the midst of winter.
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POWER CONSUMED BY DRILLS.

EXTRACTS PROM A REPORT BY CAPTAIN
CLARINOAL, PROFESSOR IN THE ARTIL-
LERY AND ENGINEERS' SCHOOL AT METZ.

Translated by John B. Pearse.

In order to ascertain the power required
to bore a hole of given diameter in wrought
iron, the following points must be consider-

ed : The kind of iron, the direction in which
the hole is bored, its depth and diameter,
the lubricating material, the form of the

drill and its speed. The experiments were
conducted with an ordinary drill press, while
the power consumed was measured by Mo-
rin's dynamometer. The wrought irons used
in the experiments were a very hard variety,

forged under the steam hammer at the forges
at Montigny-les-Metz, and a soft rolled iron

from the iron works at Abainville. The drills

used were center-bits and a flat drill of ex-
actly equal diameter, driven at the same
speed, and lubricated with oil and afterwards
with soap-suds. Cast iron, bronze and steel

were then similarly experimented on. The
conclusions derived from the above experi-
ments were the following

:

(1.) The amount of power necessary to

drill with a center-bit into wrought iron, re-

mains quite constant so long as the depth of
the hole does not exceed 0.05 meter : as soon
as this limit is passed the required power in-

creases rapidly.

(2.) The power consumed in boring across
the fibres is almost independent of the depth
of the hole ; the original power is, however,
somewhat greater than that required to drill

in the other direction. Since however the
power required in boring in the latter direc-

tion increases greatly with the depth, the total

power required to bore a given hole across is

much less than that required to bore it in

the direction of the fibres.

(3.) The power required to bore a hole of
given diameter increases with the hardness
of the iron. The use of oil to lubricate the
drill diminished the power required about
0.2, as compared with that required when
soap-suds were used. This holds good as well
in hard as in soft wrought iron.

(4.) The results obtained with center bits

hold good also for flat drills ; the latter, how-
ever, require a greater power than the former,
as is shown below.

(a.) The power required by a flat drill

0.025 meter in diameter, to bore a hole in

the direction of the fibre, is about 1,25 times

as great as that required by a center bit of

similar diameter operating under similar cir-

cumstances.

(b.) The power required by a flat drill,

0.025 meter in diameter, to bore across the

fibres, is about 1.4 times as much as that re-

quired under similar circumstances by a cen-

ter bit.

(c.) When the diameter of the drills is

0.015 meter the above quantities become 1.6

and 1.8 respectively, which seems to show that

small drills require a comparatively greater

power than large ones. When the diameter

of the drills is 0.008 meter, the above pro-

portion becomes 1.52, which corroborates the

above conclusion.

These i*esults agree with practice, since

the flat drill is commonly used only for holes

0.008 meter in diameter, and under, which do
not permit the use of the center bit or pin

drill.

Effect of Velocity.—In order to es-

timate the effect of the velocity of the drill,

a drill of 0.025 meter was driven at a speed

(on its circumference) of 0.22 meter per sec-

ond, and also at a speed of 0.125 meter.

The power consumed per second is cleaidy

less at a slow speed than at a high one, but

the power required to bore a given hole is

about the same in each case. For instance,

the power required to bore a hole 0.0074

meter deep (in the direction of the fibres) at

a speed of 0.22 meter, amounted to 23.49

meter-kilogrammes, and to 21.8 at a speed

of 0.125 meter : across the fibres, the power
required at the high speed was 24.3 meter

kilogrammes, and 22.3 at the low speed.

It appears then that the power required to

drive the drill at either speed is not very

materially different. Hence, the reporter

concludes that the speed of the drill should

be as great as possible, to diminish the re-

sistance offered by the metal, and that the

feed should be heavy, and both so far as pos-

sible without destroying the edge or boring

too rough a hole.

The average advisable oireumference speed

of drills is 0.12 meter per second in wrought

iron, 0.06 meter in cast iron and 0.15 to 0.18

in bronze (gun metal). When these veloci-

ties are exceeded the drill is apt to become

soft, and when they are not reached the work

is not economical.

The pulleys of the drill press used for

these experiments are so calculated that the

following circumference speeds of drills could

be obtained;
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Millimeter

Diameter of drill... 3 to 10

Speed at circumfer-
ence 34 to 115

Feed 16

Millim.
10 to 20

Milim.
20 to 25

77 to 154 104 to 183

10 7.5miliui.

per uiin.

Power Demanded by Boring Ma-
chines.—As the hardest wrought iron ne-

cessitates the most power, M. Clarinoal based

his experiments on that forged at Montigny,

which is generally acknowledged to be very

hard, and compiled the following tables from

the results of numerous experiments on this

wrought iron, on cast iron and on bronze.

The first table denotes the power required

by a center-bit in boring a hole of given di-

ameter and depth, while the second table

gives the corresponding results in the case

of a flat drill.

Table shoioing power required in one second by a center-bit boring at different depths in hard

wrought iron, ordinary gray cast iron, and gun metal (11 parts tin and 100 parts copper),

the feed being one millimeter per minute.

6
~5

Hard Wrought Iron.
Diameier of hole.

Ordinary Gray Cast Iron.
Diameier of hole.

Gun Metal.
Diamtler of hole.

o

Q
£

44

|
£

35

s
2-5

i

's

15

4

s

10

i
8

1
35

s
25

1

£

15

E

1
10

a

1
8

S

5
45

E

1
40

e

1
25

E

S
15

E

'i

8

1

£ tC

g'-3

si
g-*

So*

g^
£ o

it b \ C *•

» g> g g)

l S g3
22 £ to

£ o

g* g*
S Si
S o

g3
£|
gr4 g 3

5 to

US

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80

11
11
11
11

11
Jl

12
13
11

7.4
7.4
7.6
7.6
7.6
7.9
8.3
8.8
9.6

4.7
4.7
4.7
4.7
4.7
4.8
4.8
4.9
4.9
5.

5.

5.1
5.2
5.3

2.23
2.23
2.23
2.23
2.23
2.23
2.24
2. 25
2.30
2.35
2.40
2.45
2.50
2.70
2.80
3.

1 85
1.85
1.85
1.85
1.85
1.85
1.90
1.90

1.57
1.57
1.57
1.57
1.60
1.63
1.66
1.70
1.75
1.80
1.90
2.

3.6
3.6
3.6
3.6
3.6
3.0
3.6
3.6
3.6
3.6
3.6
3.7

2.9
2.9
2.9
2.9
2.9
2.9
2.9
2.9
2.9
2.9

1.1
1.1

1 1

1 1

1.1
1.1

1.1

1.1

1:1

1.1

0.

0.(

0.

0.

0.

0.( <

).5

J.

5

3.5

).55

).60

J. 67

6 1

6.1
6.1
6.2
6.2
6.4
6.5
6.6
6.6
6.7
6.7
6.8
6.8

6.

6.

6.

6.1
6.2
6.3
6.4
6.4

2.4
2.4
2.4
2.45
2.5
2.6
2.7
2.8
2.9
3.

1.

1.1

1.2
1.3
1.5
1.7
1.9
2
2.3
2.5
2 7

2.9
3.1

0.4
0.4
0.5
0.6
0.7

Lubricated with soap-suds. Bored dry. Bored dry.

Table showing power required in one second, by a flat drill, boring at different depths in hard

wrought iron, ordinary gray iron, and gun metal (11 parts tin and 100 parts copper), the feed

being one millimeter per minute.

Depth of

Hard Wrought Iron.
Diameter of hole.

Ordinary Gray Cast
Iron.

Diameter of hole.

Gun Metal.
Diameter of hole.

Hole.
7.5 millim. 5.5 millim. 3 millim. 7.5 millim. 5.5 millim. 7.5 millim. 5.5 millim.

Millimeter.
Meterkilo-
gramme.

Meterkilo-
gramme.

Meterkilo-
gramme.

Meterkilo-
gramme.

Meterkilo-
gramme.

Meterkilo-
gramme.

Meterkilo-
gramme.

5

10
15
20

25
30

1.9
2.

2.3
3.

8.

9.

1.5
3.

3.5
4.

5.

1.2
1.8
2.4

1.08
1.C8
1.08
1.08
1.08

1.

1.

1.

1.

1.

0.6
1.

1.2
1.4
1.9
2.4

0.5
0.7
0.9
1.1
1.7
2.1

ii —
Lubricated with soap-suds. Bored dry. Bored dry.
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As the results in wrought iron apply to

hard iron, they should, according to M. Clari-

noal, be diminished by about one-tenth to

apply to soft wrought iron ; and as the ex-

periments were made with soap-suds as lubri-

cating material, the powers given should be

diminished, say one-fifth, when oil is used as

the lubricator.

In the above tables, the power consumed

by boring the given holes with a feed of one

millimeter per minute, is taken as unity.

Therefore, to ascertain the power required

in a second, with a given feed, it is only ne-

cessary to multiply the figures in the tables

by the depth fed per minute.

A comparison of results obtained with

borers of both kinds of the same diameter

(0.25 meter), shows that the power required

to drive a flat drill in cast iron is 2.6 times

as much as that required to drive a center

bit.

Experiments on hard white cast iron,

showed that the power required to drill such

iron was very nearly double that stated for

gray cast iron. It appears from the tables

that the power required to drill cast iron is

nearly constant, no matter what the depth of

the hole may be.

The experiments made on steel showed that,

under similar circumstances, more power was

required to drill shear or soft steel than to

drill hard cast steel, and that flat drills in-

creased the power necessary by at least one-

third (|).

Capt. Clarinoal concludes with the follow-

ing remarks

:

(1.) Nearly the same power is required to

drill hard wrought iron and hard cast steel.

(2.) The power required to bore soft steel

is not much greater than that required for

hard wrought iron, but the former increases

rapidly with the depth of the hole. Thus,

at a depth of five or six millimeters, the

power consumed in drilling with soap-suds in

soft steel, a hole fifteen millimeters in diame-

ter, is equal to that consumed in boring one of

twenty-five millimeters in diameter in hard

wrought iron.

Hydraulic Pipe Engineering. —
Messrs. AValsh and Watkins, contractors,

have laid a 11-inch plate iron water-pipe,

from a point on a mountain side in Tuol-

umne county, California, down the mountain,
under a creek and up the ascent on the other

side, in all 8,800 feet in length, and under
a perpendicular pressure at the lowest point

of 681 feet.

—

Mining and Scientific Press.

PURIFYING IRON ORES.

ON FLUOR SPAR AS AN AGENT FOR PURI-
FYING IRON ORES CONTAINING PHOS-
PHORUS.

By H. Caron.

Translated by John B. Pearse,from "Coinptes Ren-
dus" and "Berg and Hiitten Zeitung."

I have already had the honor of communi-
nicating to the Academy the results of my
attempt to improve those pig irons which are

smelted from non-manganiferous ores, which
ores form a great part of those occurring in

France. I was enabled to show by exact

experiments that the addition of manga-
nese (in the form of its oxides) to the furnace

charges had the effect of removing or keep-

ing out of the iron an appreciable quantity

of the sulphur and silicium present in the

ores and fuel. Since that time the experi-

ments of the laboratory have been carried

out in the trade, and there are now few fur-

naces where the addition of the oxides of

manganese has not brought about a marked
improvement in the quality of the pig metal.

I found at that time that the oxides of

manganese had no effect in carrying off phos-

phorus, although they acted so favorably upon
sulphur and silicium. I therefore endea-

vored to find some means of effecting the re-

moval of the former body, and now confine

myself to the communication of the only

method which has given satisfactory and cer-

tain results.

The ores of iron which contain phospho-

rus, contain it principally in the form of

phosphates of iron, alumina or lime ; in or-

der to combat the evil effects of these phos-

phates it was customary to mix large quanti-

ties of lime with the ores, as lime was com-
monly supposed to have some effect in this

direction. Unfortunately, however, these

phosphates of lime are slightly, or rather not

at all fusible, and the addition of large quan-

tities of silicious ore was necessary to cause

the slag to flow readily.

What is now the result in the blast fur-

nace ? Phosphates, silicia and carbon are

in immediate contact—just as in Wbklers
method of preparing phosphorus ; there re-

sult therefore silicious slag and iron, carbon

and free phosphorus, which latter naturally

combine to form a cold short pig metal. It

is certain that this re-action actually occurs

in the furnace as the analysis of slags, from
ores containing a good deal of phosphorus,

show very little of this element, while it is

very rare that the same is not present in in-

jurious quantity in the iron. Let us suppose
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that lime takes up the phosphorus of the

ores, the problem then before us is to find

some fusible substance which contains no

silica, and can dissolve the phosphate of lime,

without decomposing it. It seemed a priori,

as if fiuor spar was such a substance, and I

endeavored to ascertain its virtues as follows :

(1.) A mixture of phosphate of lime and

fluor spar was placed in a crucible of com-

pressed coke, which was placed in a clay

crucible and surrounded with charcoal.

(2.) A mixture of phosphate of lime with

silica was placed in a similar crucible. Both
crucibles were then exposed to the heat of a

cast steel furnace, with the following results

:

The crucible containing the phosphate of

lime with silica was eaten completely through,

and the phosphorus had disappeared. The
other crucible, on the contrary, was whole,

merely a little of the coke alone having been

melted off ; the fused mass contained phos-

phorus and phosphoresced when struck with

a hammer. It was therefore certain that

fluor spar dissolved the phosphate of lime

without decomposing it.

I accordingly experimented^ follows upon

phosphate of iron

:

(1.) A mixture of phosphate of iron with

lime and fluor spar, was placed in a brasqued

crucible.

(2.) A mixture of phosphate of iron with

lime and silica, was also placed in a similar

crucible.

These mixtures treated as before gave

the subjoined results. The crucible con-

taining silica was eaten through, and the

graphitic button of iron was easily broken

up under the hammer. The other crucible

was whole, and the resulting button was
somewhat flattened out before it could be

broken up, while the fracture showed that

the iron was mottled. The first button con-

tained three (3) times as much phosphorus

as the second, which on being remelted be-

came entirely white. The influence of the

fluor spar was therefore established beyond
a doubt.

On operating analogously upon ores con-

taining ^phosphorus, which always contain a

comparatively small quantity of phosphates,

an appreciable improvement resulted from
the substitution of the fluor spar for silica,

although the improvement became less mark-
ed, the less phosphorus the ore contained.

Not only are these phosphates soluble in fluor-

spar but also sulphates and arseniates ; even

alumina is taken up by this agent and retain-

ed in the slag without the aid of silica.

GOVERNMENT CONTROL OF TELEGRAPHS
in England.—The acquisition of the

telegraphs of the United Kingdom by the

Government, and their being placed under
the Post-Office administration, had been
mooted for some time ; last spring, action be-

gan to be taken and inquiries made ; the re-

sult has been a large correspondence and
cross-fire of pamphlets between the Post-
Office and telegraph companies. This cleared

the way for the government bill, which, after

being committed, and much time spent in dis-

cussing and amending its objects, finally pass-

ed both Houses of Parliament and became a

law. It empowered the Post-Office to buy
up all the telegraph systems of the various

telegraph companies of this country who were
willing to sell their property. This all have
been found willing to do, and meetings have
been held authorizing the directors to agree

to the Post-Office terms, which have been
usually a twenty years' purchase on present

rates. The final.amount to be paid to the

various telegraph companies has to be settled

by arbitration. Agreements have also been
entered into between the Postmaster-General
and the various railway companies, by the

which it is settled that all wires belonging to

the railway company, and used by them for

their special services of train signalling or

otherwise, shall remain theirs, in addition to

which the railway company will in future

maintain all wires, poles, and telegraphs, the

property of the Government, passing over
their lines. Under this arrangement, there

may be perceived the following curious

change—what the telegraph companies for-

merly did and still do for the railway com-
panies the railway companies will now do for

the Government.
The Post-Office are making great internal

changes preparatory to taking charge of the

telegraph system, and to complete the trans-

fer it is now only necessary to bring into

Parliament the bill for providing the neces-

sary funds. It is anticipated that this will

be done very early in the year, and by July
1 it is most probable that the various tele-

graph companies will have handed their sys-

tems over to the Government.

—

Mechanics'
1

Magazine.

The Heaton Process.—The discussion

I on the merits of this process, still occu-

pies many dreary pages in the London news-
papers. Nothing very new or important has

been elicited. We shall, in a future num- •

ber, give a very brief abstract of the situa-:'

tion up to date.
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THE MOLDAU SUSPENSION BRIDGE AT
PRAGUE.

The peculiarity of this bridge is that there

is only one pier, or tower, and that is in the

center of the river, so that the bridge is

really formed of only two half spans, each

half being in the clear 305 feet six inches,

the thickness of pier being eighteen feet at

the crown. The distance from face to face

of abutments is 629 feet ; on each shore there

is no room for the anchorage chains, &c, to

extend such a distance inland as would be

required if towers were used instead of abut-

ments. And it was considered advisable to

have only one pier or tower in the river, to

avoid as much as possible intercepting the ice.

The particulars of the work are thus given

in "Engineering": The bridge is for foot

passengers only, and has a clear width of

eleven feet from end to end. Each column
of the pier being built clear of this width
involves the chains being wider apart, in

plan, in the center of the bridge than at the

abutments ; this arrangement gives the struc-

ture considerable resistance to any side mo-
tion that might be caused by the wind.

The abutments and anchorages are built

of stone, with concrete fillings. The pier in

the center of the river is also of stone from
its base to the underside of the superstruc-

ture, where the ornamental cast-iron tower
commences. The tower consists of two
pillars or columns connected at the top by
an open cast-iron girder, and each column
consists of four standards firmly connected
together and bolted at their bases to the pier.

The height of the bridge above the high-

est level of water is six feet six inches, and
height of tower from same level is 63 feet.

The chains are of steel, and formed of

links in 21 feet lengths by four and a half

inches deep by one inch thick, having heads
and eyes, and steel pins of three and a half
inches diameter. The main chains have each
six links in width, and they are connected
to straight chains which pass direct to

the base Of the tower. These straight chains
are applied to prevent as much as possible
the rising or moving of the curved chains
when an unequal load is passing over the
bridge. The straight chains have only two
links each of the same dimensions as the
links of the curved or main chains. The
main chains are supported on the tower on a
saddle resting upon seven east-iron rollers,

each three feet long and four and a half
inches diameter, and carefully turned, from

Vol. I.—No. 3.—15.

whence they pass to the abutments, where
they rest on other saddles, and from thence

they pass to their anchorage. The anchor-

age for each end of each main chain consists

of seven steel plates resting upon two cast-

iron girders or bed plates, the four bed
plates being connected together by cast-iron

girders. The connections for the adjust-

ment of the lengths of the main chains are

near the tower and in the abutments, and
for the straight chains at the base of the

tower, and can be adjusted by means of

steel gibs and keys.

The footway or platform is formed of two
main longitudinal parapet girders in one

continuous length from end to end of bridge,

and rests upon cast-iron cross girders twen-

ty-one feet apart, which are suspended by
wrought-iron suspension rods one and a half

inch, diameter, to the main chains. The
main or parapet girders are one foot six

inches deep, the top and bottom flanges be-

ing formed each of two pieces of pine, having

a total sectional area of 72 square inches.

The diagonals are also of pine, six inches

by three inches, fitted into cast-iron shoes

cast on the ends of the C I verticals ; these

have a wrought-iron bolt one inch diameter

passing through them, firmly connecting the

bracing to the flanges. The verticals are

seven feet apart, and at these distances

there are cross timbers acting as girders

to support the planks of the footway, s©

that there are two timber beams and one

cast-iron girder in every 21 feet to carry

the planking of the footway. The planking

is four inches thick, and on this is boarding-

one and half inch, thick, laid crosswise. The
footway, besides being suspended to the

chains, is also connected to the base of the

tower by means of four diagonal rods, which

allow it to move only vertically to a slight

extent, but not horizontally.

The quantity of cast iron contained in

the tower saddles, anchorage girders, cross

girders, verticals in parapet girders, &c, is

108 tons. The steel in the chains, plates

and pins is 78 tons, and four tons of wrought

iron in bolts, &c. There are 5,600 cubic

feet of timber work in the platform.

The bridge will have to stand a test mov-
ing load of 96 pounds per square foot, and
will not give a greater strain on the steel

chains than twelve tons per square inch,,

and the breaking strain of the steel is 361

tons per square inch. The links are being

made at the Cyclops Steel and Ironworks,

Sheffield, and the other work is being made
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at Prague. The pier and anchorage and

abutments are now complete, and the an-

chorage chains arc in place. It is to be

opened for traffic on the 1st of November
of this year.

The design was made by Mr. R. M. Ordish,

and is being executed by the same contract-

ors who had built the Franz Joseph Bridge,

viz., Messrs. Huston & Co., Prague. Charles

Von Wesseley is the resident engineer. The
contract for the structure has been taken for

£18,500.

THE METAL HYDROGEN.

Based on its chemical and physical pro-

perties, the opinion has long been held that

hydrogen is a metallic element. Though
only known to us in the form of a gas which
has hitherto resisted all our endeavors, by
pressure and cooling, to cause it to change

its state of aggregation, and condense to a

liquid or take a solid form, it cannot fail to

be recognized that its existence in this con-

dition only, depending as it does on the im-

perfection of our scientific instruments, in

nowise invalidates the doctrine of its me-
tallic nature. The attempts to condense
hydrogen were unsuccessful on account of

the difficulty of rendering vessels absolutely

tight at such enormous pressures. Mercury,
on the other hand, is liquid at ordinary tem-

peratures ; zinc, magnesium, and other metals

are readily converted into gas, and gold and
silver can be volatilised in the electric .arc.

Platinum, which Faraday melted in the

flame of a candle, can doubtless be dissipated

as vapor. The failure, therefore, to solidify

hydrogen at present proves nothing.

The difficulty of condensing hydrogen has

recently been attacked from another direc-

tion. About a year ago the Master of the

Mint startled the scientific world with the

announcement that he had extracted hydro-

gen from iron.

He placed a piece of the Lenarto meteor-

ite in vacuo, and on subjecting it to heat

drew from this iron several times its volume
of hydrogen. This gas which, when free, so

readily diffuses that it cannot be preserved

for many days in a tube over mercury, but
passes between the mercury and the walls

of the tube and escapes into the air, was so

firmly combined with the iron that, not the

removal of atmospheric pressure alone, but
the application of heat also, was required to

effect their separation.

Recently Mr. Graham communicated to

the Royal Society another paper on this in-

teresting subject. He now employs a metal
that absorbs hydrogen, as melted silver or

platinum black does oxygen, or water ammo-
nia. Palladium occludes from eight to nine

hundred times its volume of hydrogen, and
he regards the product as an alloy of palla-

dium with the volatile metal hydrogen, in

which the volatile character of the one metal

is restrained by its chemical affinity for the

other, but which owes its metallic characters

to both. The alloy has a density consider-

able less than that of palladium, and he has

been enabled to calculate that of the metal

hydrogen, which he finds to be 1-951. Hy-
drogenium, as the new alloy is called, is

more magnetic than palladium, in the ratio

of 48 deg. to 10 deg., and must be considered

to forsake " the class of paramagnetic met-
als, to take a place in the magnetic group

of iron, nickel, cobalt and others." The
occlusion of hydrogen by palladium reduces

its tenacity and electric conducting power.

The strongly marked magnetic character

of hydrogen, the readiness with which it

forms alloys of such great permanence, and,

more especially, its occurrence in combina-

tion with iron in meteoric masses, are facts

of special interest at the present time, now
that the spectroscope has revealed the exist-

ence of such enormous quantities of this

element in our system.

—

The Engineer.

THE STRENGTH OF CORRUGATED IRON.

As a supplement to Mr. J. H. E. Hart's

paper on this subject,* we publish the follow-

ing letter by him to the "Bombay Builder "
:

Sir—Referring to experiments on the

strength and stiffness of corrugated iron,

published in your journal August, 1868, I

have to suggest to your readers the follow-

ing formula for the deflection of the mate-

rial, obtained from equations in Professor

Rankine's work. At page 828, article 303,

of the third edition of "Applied Mechanics,"

is the general equation

—

71

f °
c

(25)
1 KI o

for the "deflection of a beam under any

load," in inches. In this formula c — l, or

-«-, according as the beam is fixed at one end

only, being unsupported at the other, or sup-

ported at both. Confining ourselves to the

care of sheets supported at both ends, the

above equation becomes

—

* Van Nostrand's Magazine, Vol. I, No. 2, p. 129.

v/H
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/' i

vr- (26)
rt'M.'J*

4E

I

The values of M' c
are those already given

for M in equations 10 and 11, at page 95 of

Vol. IV. of this journal ; n" is a factor de-

pending on the distribution of the load, and

is, for beams loaded in the middle = ^, and

for beams loaded uniformly ==yg>
E is the modulus of elasticity of wrought

iron in pounds; I , the moment of inertia of

the cross section of the beam. We may, I

think, adopt the value of I for the cross

section of corrugated sheets obtained from

the equations for the transverse strength of

the material. The general equation for the

moment of resistance of a beam (see " Ap-

f 1°
plied Mechanics,'* article 294) is y ,

and

the value of y = m! k; also, as for all sym-

H
2 , therefore I = -~

whence the moment of resistance = 2/ To

11

But, as already mentioned, the moment of

resistance (see " Civil Engineering," page
543) for corrugated sheets is -=Kf h b t, and

2/Iq
H

this equals

L=

whence

2

15
h2

b t. (27)

and equation 26 becomes for corrugated iron

generally

15n"M' 7

'WWvbT I
'

and for the following particular cases :

—

Sheets supported at ends.

\/H

For central loads, v
7^

For distributed

loads. ... Vr-

WZ3

4ET2 bt
(29)

10-24 E k" b t ' ' ^

E, the modulus of elasticity, may be de-
duced from the experiments under reference
by the formula

WZ3

E ^Q-W^bt (31)

which, using the data obtained, gives values
for E ranging from 21,000,000 to 30,000,000,
being, on the average, 25,000,000 ; or it

may be taken from any of the published re-
sults on the elasticity of wrought iron.
Thus, in Professor Kankine's work we find

E == 29,000,000 for bar iron : also E ==

24,000,000 as a " good average " for plates.

For the case of sheets fixed at both ends
the deflection is (article 307, "Applied Me-
chanics ")

—

yH--^)^- •
• •

(32 >

In this formula m"= \ or §, according as

.

the load is collected in the center or uni-

formly distributed; and in both cases the

value of n"—~ = h -=?, also c
2
as before= -i\

2 12 4
and as the case may be ; there-

fore equation 32 becomes,

In Sheets fixed at ends.

For central loads

—

v/:

WZ3 WZ3

, 192 E I — 2b-QEk2 bt

For uniformly distributed loads

—

WA3

. (33)

/ 384 EI 51-2 E A2 bt ' ' ^ ^

Hence, it appears, sheets are made stiffer

by fixing their ends, in the ratio 4 : 1 for

central loads and 5 : 1 for uniformly distri-

buted loads. We see from previous equa-

tions that they are made stronger in the

ratio 2 : 1 and 1|- to 1 respectively.

In calculating values of E from the ex-

periments, it is advisable to reject the first

weight and its deflection, basing the calcula-

tions on the difference between the first

weight and deflections and those of a value

of somewhere about one-third the breaking
weight. The reason for this precaution is

that any error due to the first settling of the

sheets to their bearings may be eliminated

from the result.

Safety of Steamships.—A correspond-

ent of the London "Times " proposes to

clear steamers of water entering by leakage

or shipped in heavy weather, by means of

steam jets arranged something like the Grif-

fard injector, and worked with the full boiler

power, if necessary, so as to discharge, Say,

1,000 cubic yards of water per minute. It

certainly seems unnecessary for a ship with

1,000 to 5,000 horse power, all in working
condition, to founder for the want of means
of application. The jet proposed would be
simple and always ready to work. Centri-

fugal pumps would, perhaps, accomplish

more, keep the ship afloat with a bigger hole

in her, and might be kept always in order.
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THE HERCULES IRON-CLAD.

REMARKABLE PERFORMANCE PARTICU-
LARS OF THE ENGINES, THE VESSEL
AND THE TRIAL.

Compiled from ''Engineering" and "The
Engineer."

The attainment by an iron-clad frigate, at

her deep-load draught, of a speed of 14.7
knots, or over seventeen miles per hour

;

and the development of 8,528 indicated horse
power by a pair of marine engines weighing
with their boilers, water, etc., complete, but
1,095 tons, are facts, the importance of

which it is impossible to overrate. These
results were obtained on January 1st, by the
Hercules, and are extremely creditable to

her designer, Mr. E. J. Reed, and especially

so to Messrs. Penn, constructors of her
engines.

Description of the Vessel.—The
Hercules is the latest, and the representa-
tive broadside ship of the British navy, and
is of the following dimensions :

ft. in.

Length 325
Breadth 59 q
Draught forward 23
Draught aft 26 5
Tonnage. 5,234 tons.
Displacement 8,680 tons.
Midship section 1,315 sqr. ft.

Her armor consists of a belt of plating,
extending from five feet below the water
line to nine feet above it, this belt being
surmounted by the central battery, whilst
at the stem and stern are the armor-clad
batteries in which the fore and aft guns are
placed. At the water line the armor con-
sists of nine inch plates, backed by 40
inch, of teak, whilst above this belt the thick-
ness of the plates is reduced to eight inch.
and six inch. The ends of the central bat-
tery are protected by six inch plates. The
armament comprises eight eighteen ton guns,
throwing 800 pound shot, placed in the cen-
tral battery ; a twelve ton gun, throwing 250
pound shot, mounted under the forecastle
behind armor-clad ports ; a similar gun,
mounted in the captain's cabin, in an armor-
clad stern battery; and four six and a half
ton guns, throwing 115 pound shot, placed
on the upper deck, and fought through un-
armored ports. Of the eight eighteen ton
guns, four can be fought through the ordi-
nary side ports, the sills of which are eleven
feet above the water line, whilst the other
four can be fought from ports at the angles
of the central battery, and can be fired

within fifteen degrees of the centre line of

the vessel. The twelve ton guns can be fired

directly in the line of the keel, the one for-

ward, and the other aft, whilst they have each

also a considerable lateral range. Besides

possessing a most powerful armament, the

Hercules has been so constructed that she

may be used for ramming purposes, and for

such a method of attack her great handiness

and high speed peculiarly fit her.

Description of Engines.—These are

trunk engines, by John Penn & Son. They
are fitted with surface condensers, exposing

20,768 square feet of surface, the condensing
water being supplied by a pair of centrifugal

pumps, arranged so that they can be made
to draw from the bilge, and capable of deli-

vering 120 tons of water per minute. The
circulating pumps are driven by a pair of

independent engines.

Steam is supplied by eight boilers, having
40 furnaces, the fire-grate surface being
907 square feet, and the total heating sur-

face 23,100 square feet, of which 19,792
square feet are tube surface. The boilers

are fitted with eight superheaters, contain-

ing, in all, 3,908 square feet of surface.
Number of cylinders,. . , 2
Diameter of cylinders 127 in.

Diameter of trunks 47 in.

Effective diameter of cylinder 118 in.

Stroke 4 ft. 6 in.

Nominal horse power 1,200 H. P.
Load on safety valves 30 lb. per sq. in.

Temperature of steam in superheater from 305° to
310°.

f Description \

GT^ a

\
r^.ineP^e

\
{
J
om

r
£ 20 it. 5 in. to 2» ft. 6 in.

o Diameter 23 ft. 6 in.

% { Pitch 24 ft.

0* Lo^th J
4 ft. 7 in. at root of blade,

£ °
\ 1 ft. 3 in. at periphery of do.

Immersion of upper edge 1ft. 11^ in.

Of the machinery of the Hercules, and of

its performance, it is impossible for us to

speak too highly. As specimens of excel-

lent design, combined with the very best

workmanship which even Messrs. Penn can

produce—and their workmanship is certainly

unsurpassed, and in but very few cases

equalled—the engines of the Hercules stand

unrivalled, whilst the power developed by
them by very far exceeds that ever obtained

on shipboard from any engines, under any
circumstances whatever. Mr. Penn has long

taken the lead in the adoption of high speeds

of piston, and the success he has obtained

has decisively shown the advantages of such

speeds, when accompanied, as they should be,

by first-class workmanship.
The Performance.—The trial at Stokes

Bay, on Jannary 1, consisted of six runs

over the measured mile, under full steam,
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and four runs under half-boiler power, under

the conditions of craft mentioned above, and

with the following particulars of power,

speed, etc.:

Pressure of steam in boil-

lers .

.

Vacuum in con- ( for'd..

densers ( aft . .

.

Nuruberof revo- j max'm
lutions ( mean..

Mean pressure in cylin-

ders . ..

Indicated horse power.

Full power. Half power.

5 1b.29.

27.08
27.08;
72.00

71.51

21.87 1b.

28. 5 in.

28 in.

58.52
55.29

20.00 lb. 12.268 lb.

8,528.75 4,044.91

Speed of vessel..". 14.691 knots. 12.122 knots

Time under way 5 hrs. 25 min.
Time at full speed with-

out stopping 1 hr. 55 min.
Weather barometer 30 . 20 in.

w . , (Force 2 to 4
" md

\ Direction S.W.
State of sea Smooth.
Engines stopped from time of moving tele-

graph , 19 sec.

Engines started ahead from time of moving
from astern 14 sec.

Engines started astern from time of moving
telegraph 16 sec.

State of masts, yards, etc complete.
( 600 tons, including

Quantity of coals on board -< 70 tons of trial

(_ coal.

Armament complete.

Quantity of stores six months'

.

Minotaur.
Nominal H. P 1,350
Indicated H. P 6,193
Displacement in tons 10,275
Pitch of screw 25 ft.

Revolutions of screw 54.96

Bellerophon.
Nominal H. P 1,000
Indicated H. P 6,199
Displacement 7,369 .

Pitch of screw . 20 ft. 1 in.

Revolutions of screw 73

Hercules.
Nominal H. P 1,200
Indicated H. P 8,500
Displacement 8,610
Pitch of screw 24 ft.

Revolutions of screw 71.6

It will be seen from these figures that the

Warrior has one horse power to every 1.8

tons of displacement nearly ; the Minotaur
has one horse power to 1.64 tons nearly

;

the Bellerophon has one horse power to 1.72

tons, and the Hercules one horse power to

1.01 tons nearly. To this vast excess of

power is due the fact that the Hercules is

faster than her larger rivals. Calculating

from these data the co-efficients according

to the usual formulae, we get

:

Full boiler Half boiler

> Hsp ft

71.51
70 93
71.31
72.00
71.78
71.53
71.51

58.42
55.51
54.00
53.23
55.29

3.47
4.29
3.43
4.35
3.39
4.41
Mean.

4.27
5.21
4.40
5.19
Mean.

ft

knots.
15.859
13.383
16.143
13.091
16.438
12.811
True mean speed

knots.

14.621

14.763
14.617
14.764
14.624

13.483 12.394
11.215 12.036
12.857

|

12.071
11.285

|

True mean speed

Si

knots.

14.692
14.690
14.690
14.694

14.691

12.192
12.053

12.122

The engines exerted rather more than

seven times the nominal power. The im-

portance of this fact will be brought into a

stronger light by comparing the engine

power and displacement of the Warrior,
Bellerophon and Minotaur with those of the

Hercules. In the official reports we find the

following results

:

Warrior.
Nominal H. P 1,250
Indicated H. P 5,092
Displacement in tons 9,214
Pitch of screw 30 ft.

Revolutions of screw 52 .

6

power.

Speed3Xmid se c«

Ind. H. P.
Speed3Xdisp.§

Ind. H. P.

157

power.

578

186

It is difficult to compare the constants of

the Hercules at her full speed with those

of other ships, for no other iron-clad has yet

steamed so fast at deep-lead draught, and, as

is well known, the increased speed obtained

under such circumstances must be accom-
panied by a reduction of the constants. The
half-power runs seem to show clearly that,

for a short ship, her form is very good, as

her half-power constants are higher than the

Bellerophon's. The respective half-power

constants are as follows

:

Hercules. Bellerophon.
(at load draught)

578 543
186 171

the speed of the Bellerophon being, then,

12.154 knots, or almost exactly that of the

Hercules under similar circumstances. The
full-power constants of the Hercules fall

below those of the Bellerophon, which ves-

sel gave, on different occasions, when tried

at load draught, the following constants

:

518 and 163, 534 and 167, and 530 and
166. Considering, however, that, as we
have already mentioned, the constants fall

with an increase of speed—and especially at

very high speeds—the Hercules has given
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very good results, as the Bellerophon con-

stants just given were obtained with speeds

of 14.171 knots, 18.874 knots and 14.023

knots respectively, whilst the speed of the
' Hercules was, as we have seen, 14.691 knots.

It must not be forgotten, however, that as

the Hercules stows but 600 tons of coal, she

cannot keep the sea at full speed for any

time. Six hundred tons of coal are as

nothing in comparison with 8,000 horse

power or so. The consumption of fuel can-

not be much less than fourteen tons per

hour. Therefore, in round numbers, the

Hercules carries coal enough to steam at

full speed for forty-three hours only, or to

carry her, assuming her to have a fourteen-

knot sea speed, 602 knots only. In this

respect she possesses the worst defects of the

short iron-clad.

It is. important to observe that the weight

of the engines complete and of the boilers

and water, is but 1,090 tons, or two and a

half cwt. per indicated horse power, a weight

which is wonderfully small under any cir-

cumstances, and particularly so when the

size of the engines is considered. The pro-

portions of areas of the heating surfaces,

fire-grate surface, &c, to the power devel-

oped, are as follows:

—

Per indicated horse power.

Heating surface 2.7 sq. feet.

Fire-grate " 106 "
Superheater" 0.47 "
Condensing " 2.43 "

As to the handiness of the vessel, we
have the following particulars. The balanced

rudder first used on the monitors by Cap-
tain Ericsson, is employed.

Circles made Under Full Poicer.—Helm
to starboard,—Angle of rudder, 40 deg.

;

turns of wheel, four. Half circle made in

one min. 50 sec; full ditto, fourmin. Men
at the wheel, sixteen. Helm to port.

—

Angle of rudder, 88 deg. ; turns of wheel,

four. Half circle made in one min. 50 sec.

;

full ditto four min. Men at the wheel, six-

teen. The diameter of the circle made in

each instance was estimated at not more than

twice and a half the ship's length.

Circles Under Half Boiler Power.—Helm
to starboard.—Angle of rudder, 40 deg.

;

turns of wheel, four. Half circle made in

two min. 21 sec. ; full ditto, four min. 36
sec. Men at the wheel, sixteen. Helm to

port.—Angle of rudder, 39 deg. ; turns of

wheel, four. Half circle made in two min.
40 sec. : full ditto, four min. 50 sec. Men
at the wheel, sixteen.

Conclusions.—The British authorities

conclude that no other navy in existence

can boast of the possession of a ship at

once so fast, so handy, so impregnable, so

strong, or carrying so heavy an armament.
The impregnability, the strength, the handi-

ness, and the powerful armament of the ship

are due to Mr. Reed, and he may well be
satisfied with the honor which this fact does

his reputation as a shipbuilder. But the

great speed of the ship is due to Mr. John
Penn, and it is only by the adoption of a

high piston speed that such results could be
obtained ; and to such speeds, when combined
with good design and workmanship, there is

no objection whatever. All the expectations

formed respecting her have been more than
surpassed in the performance of her engines.

The builders had counted upon a speed of

65 revolutions, and an indicated power six

times the nominal, but so far were the

results beyond these, that the engines

averaged 71.51 revolutions, or 643.6 feet of

piston per minute, and exerted 7.107 times
their nominal power, or 8528.75 indicated,

giving one indicated horse power to every
2.7 square feet of heating surface, a pro-

portion seldom exceeded even in locomotive

practice, with its quick draught and con-

sequently rapid rate of combustion. Of
course we are to admit that the runs were
not of very long continuance, the coals were
hand picked, and fired with little regard to

economy, and the heating surfaces were
clean. The indicator cards show not far

from 25 lb. of water, or 0.4 cubic foot, for

each indicated horse power at full speed,

or about 3,411 cubic feet in all, being one
cubic foot to about 6.77 square feet of sur-

face, a high rate in marine practice, although
often exceeded in locomotives. There are

some forms of marine boilers—those, for

instance, with water tubes—which show,
according to Mr. Isherwood's experiments,
but one cubic foot of evaporation for every
80 square feet of heating surface, the latter

being in the case of the Merrimack, 12,537
square feet, while the steam discharged per
hour into the condenser, the strain having
been calculated from the indicator cards
alone, was equal to but 403^ cubic feet.

It is true that this was fourteen years ago,

but the same class of boilers is still employed
in the American navy.

teel Rails.—Over 11,000 tons of steel

rails are now in use on the Hudson River
Railway.
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RAILWAYS FOR CHINA.

From " Engineering."

Nov?" that a through communication

across the American continent, by means

of the Pacific railway, is nearly completed,

with a direct route to the chief Chinese

ports, a fresh interest has been awakened

as to engineering prospect in the Celestial

Empire, and engineers are turning their

attention so far eastward.

The principles upon which a railway

system in China is established, must differ

very widely from those which have governed

the formation of lines in other new countries.

For instance, in India there was a responsible

government; throughout it were plentifully

scattered the necessary elements for carrying-

out the undertaking—English energy and
enterprise. Even less then than now, was
the country burdened with official routine

and red-tapeism. Shareholders were liber-

ally guaranteed, and the rapid construction

of railways were as necessary for military

purposes as for the development of the coun-

try's natural resources. Preliminarily, there

was only English opposition to conquer—no
native prejudices to overcome.

In China, an entirely different moral

aspect rules. From Imperial Majesty
downwards, jealousy of foreign interference

must take the place of hearty co-operation,

and Imperial Celestial guarantees would
scarcely satisfy capitalists who have had
sore experience of European repudiation.

The vital military necessity for rapid com-
munication from one part of the country to

another is not fully understood ; and there

exists the difficulty of overcoming national

prejudices, which the effacing of the foot-

steps trodden by a hundred generations

must inspire. The insecurity of Govern-
ment guarantees, the jealousy of Imperial

officials, and the prejudices of the people,

are there, the principal difficulties to be
encountered.

On the other hand, China possesses a

vast undeveloped mineral wealth, and the

monotonous industry of her 367,000,000,
now put forth year by year, for the preser-

vation of life, not for advancement ; for the

most part, the well-cultivated alluvial ter-

ritories are level, and on these tracts the
vast mass of the population is found, where
labor is so cheap and abundant, and where
the essentials for railway construction are

most easily attainable. The enormous traf-

fic now floated slowly and laboriously down

the canals and rivers to the commercial
centers would be transferred to the more
rapid and cheaper mode of conveyance, and
the introduction of railways would be fol-

lowed by an invasion of western energy to

the almost unworked fields which have been
closed to the outer world for so many thous-

ands of years.

The British residents in China agree with
those missionaries, whose experience is in-

valuable, that the first experimental line

should be made between Canton and Fat-
shan, a manufacturing town lying fifteen

miles to the south of the larger city, and
containing paper factories, gun foundries,

and other industrial works ; at present
some half a million passengers are conveyed
between the two places by passage boats,

and the transit of merchandise is regular
and heavy ; this line could be completed in

fifteen months. Far away to the north,
another experimental line could well be
made from Tientsin, the terminus of the
grand canal, to Pekin, 70 miles distant, a
railway which would secure all the traffic

from the canal to the capital, and bring
the advantages of a railway system under
the immediate notice of the Imperial Gov-
ernment.

In sketching out his views as to the most
favorable course for the trunk lines of
China, Sir Macdonald Stephenson (who
proposed a plan of railways for China in

1848) takes the town of Hankow, on the,

Yangtse-Kiang, as a commercial center,,

from which the railways would run east to*

Shanghai for 650 miles, south to Cantom
and Hong Kong for 850 miles, and north ton

Pekin for 800 ; westward the distance to>

India is 1600 miles. Shorter lines would;
connect Canton with Samshui, 40 miles^

distant, and would intercept the traffic now,-

brought down the north and west rivers.,, at*

the junction of which Canton is situated..

Between Hong-Kong and Canton, ,ar*
; exten-

sive passenger traffic would be obtained by
the construction of 90 miles of line. At
present, passage boats and four American
steamers meet the requirements of trade.

Shanghai and Luchow are two., important
cities between which exists an enormous
traffic that could be secured by the laying

of 60 miles of railway through a level

country. The line from Hankow to Can-
ton, in passing through the Mieling range
of hills, where the only engineering diffi-

culties occur, would strike through exten-

sive coal fields, 60 miles north of Canton,
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and now worked only rudely, and near the

surface.

This large and promising field for engi-

neering will not lie much longer fallow.

Anglo-Saxon enterprise will soon be at work

in it, and it is reasonable to hope that native

opposition will soon give way after the first

railroad is opened.

THE LAKE CONSTANCE RAILWAY FERRY.

Compiled from " Engineering.''

This ferry, for the transportation of mer-

chandise trains, will connect the town of

Friedrichshafen on the northeastern, with

Romanshorn on the southwestern side of

the lake, the distance across being about

eight miles. Friedrichshafen is the termi-

nal station of the Royal Wurtemburg States'

railway, leading from Ulm, Stutgard and

Frankfort. Romanshorn is the terminus of

the Swiss Central railway, which runs to

Zurich, Lucerne, Berne and Lausanne.

The vessel, which is constructed to carry

twelve wagons, is 230 feet long on the rail-

way deck, 40 feet beam, and six feet six

inches deep from the top of the floor to the

underside of the beams of the railway deck.

Her tonnage is 1,753 tons, builders' meas-

urement, and her draught of water does not

exceed six feet. The hull of the vessel,

together with the deck, deck houses, paddle

boxes, paddle beams, and upper works gen-

erally, are of iron ; and there is also an iron

upper deck 80 feet long, placed at a

height of about fourteen feet above the rail-

way deck, so that it is clear of the carriages.

The railway deck is provided with two lines

•of rails six feet apart, each line being capa-

ble of accommodating six wagons. The

form of the vessel is the same at both ends,

each end being fitted with a rudder provided

with suitable stops. For a length of 100

feet amidships the vessel has a parallel body,

and this part is built on the longitudinal

principle, the framing consisting of longitu-

dinal stringers two feet wide, with single

angle-irons at top and bottom, and transverse

frames two feet wide at the bottom and sides,

and eighteen inches at the top, with single

angle irons at the outer and inner edges.

These latter frames are placed eight feet

apart, except at the engine rooms, where

they are spaced to suit the engines. The

ends of the vessel beyond the parallel body

are also built upon the longitudinal system

as far as possible, but the extreme ends have

frames of the usual kind. The outside plat-

ing of the hull is one-half inch, and the

inside plating three-eighths inch thick, whilst

the angle-irons are throughout three and
one-half inches by three and one-half inches

by one-half inch.

The vessel is divided by transverse bulk-

heads into nine water-tight compartments,
the central compartment being thirty-two

feet long, whilst six others are each twenty-

four feet long, leaving the end compartments
to make up the remainder of the length.

In the central compartment are placed the

engines, as we shall explain presently, while

in the two next compartments, one forward
and one aft of it, are situated the boilers

and coal bunkers. Besides the transverse

bulkheads there are two longitudinal bulk-

heads, which are placed twenty-two feet

apart, and which extend the whole distance

between the extreme transverse bulkheads.

The railway deck is made of plates planed

at the edges and butt jointed, and it is car-

ried by transverse beams eighteen inches

deep, and placed eight feet apart, these

beams being firmly rivetted to the skin, and
being each supported at the center by a hol-

low wrought-iron column fixed to the floor

plates. Four longitudinal beams, eighteen

inches deep, also assist in stiffening the rail-

way deck, these beams being placed imme-
diately beneath the lines of rails.

The engines are of 200 horse power nomi-
nal, and consist of two independent pairs

arranged one on each side of the vessel, in

the spaces which are divided from the cen-

|

tral part of the longitudinal bulkheads.

j

Each pair of engines consists of two oscil-

|

lating cylinders inclined so as to form an

[

angle of 90 degrees with each other,

I

these cylinders being three feet four inches

in diameter with six feet stroke. The cen-

ters of the cylinders are in line, the two
piston rods being coupled to one crank pin.

The engines are fitted with the link motion
for reversing, and are also provided with sepa-

rate expansion gear. The cranks are over-

hung, there being one frame in each engine-

room supported by a pair of columns, while

the outer ends of the shafts are carried by
the paddle beams. The paddle wheels are

twenty-four feet in diameter, and have each

twenty-four fixed floats ; and as each wheel
its driven by its independent pair of engines

the two wheels can be run in opposite direc-

tions to facilitate turning the vessel if re-

quired.

In the space between the two pairs of en-

gines is placed an auxiliary engine which
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drives one of Gwynne's centrifugal pumps,

and also the four capstans of the ship.

There are four boilers, two to each pair of

engines, and they are placed close to the

sides of the vessel, the one pair forward and

and the other pair aft of the engines to

which they respectively belong. The coal

bunkers are also placed close to the sides of

the vessel, the one forward and the other aft

of the engines, each bunker being thus on

the opposite side of the ship to the boiler

which it supplies. By the arrangement of

boilers above described, the funnels are

brought to the sides of the vessel clear of

the railway trains. The boilers are worked

at a pressure of twenty-eight pounds per

square inch.

As the water level ip Lake Constance va-

ries somewhat at different seasons, and as

the vessel is of course liable to fluctuations

of load, it may be required on some occa-

sions to lower either end of the vessel to

facilitate the embarkation or debarkation of

the wagons. For this purpose the compart-
j

ments between the two extreme bulkheads

at each end are not only made watertight

but are well stayed, so that they serve as

water holds. Cocks and pipes connected

with the pumps driven by the auxiliary en-

gine enable these compartments to be tilled

with water and emptied at pleasure ; and

by filling one of them more or less, the end

of the vessel to which it belongs can be sunk

as required.

The designs and specifications for the ferry

boat we have described, were prepared by

Mr. J. Scott Russell, who is the engineer

to the undertaking. The boat and engines

were built by Messrs. Escher, Wyss & Co.,

of Zurich, the engines being designed by

Mr. Murray Jackson, who was at the time

manager to the above mentioned firm, but

who is now engineer-in-chief to the Danube
Imperial and Royal Steam Navigation Com-
pany. From some delay which has occurred,

the ferry has not yet commenced running,

but it is expected to start soon, and there is

no doubt that it will be a success.

Heavy Rails.—The plan of Mr. Brunlees,

for the new railway from London to

Brighton (although it is to be a "cheap"
railway, involves the use of steel rails of

over 100 lb. to the yard, so as to have a

head of the width of the tread of the wheels,

and to distribute the weight of the rolling

stock so as to obtain less than the present

weight per wheel, and thus preserve the way.

TRACTION ENGINES IN FRANCE.

RESULTS OF EXPERIMENTS— THE EN-
GINES IN THE EXPOSITION. BY MONS.
D. SIENARD.

Translated from "Annales du Genie Civil."

The problem of steam traction on com-
mon roads has been considered for a long

time, even before the invention of railways

;

but not until within a few years has it begun
to receive a practical solution. The road

locomotive seems naturally called to fill the

interval necessarily left in our system of

railways ; and it also offers important re-

sources to certain industries which, like the

beet sugar manufacture in particular, re-

quire much local transportation. It is,

therefore, a question wholly practical ; and
although I am not prepared to treat it fully,

1 think it will be interesting to state the

result of experiments which I have had
occasion to follow up in the department de
l'Aisne, on two road locomotives, the one
of English manufacture, the other from the

works of Mons. Albaret of Liancourt.

Mons. Albaret, in the arrangement of his

machine, has not departed widely from the

type of the railway locomotive. The boiler

is composed of a cylindrical fire-box, and a

horizontal barrel traversed by tubes, and is

fed by a Giftard injector ; and the heating

surface is about 172 square feet. As the

engine is to go on steep grades, it was ne-

cessary to provide against the inconveniences

of changes in the water level. This diffi-

culty has been happily solved. The hori-

zontal barrel is full of water ; and the steam

formed in it while going up hill is receiv-

ed in a small dome on the forward end,

and carried thence by an exterior pipe to'

the main dome over the fire-box ; and the

crown-sheet of the fire-box, instead of being

flat, is hemispherical, and therefore always

covered by an equal depth of water, what-

ever the inclination of the road.

The motive apparatus is composed of two
cylinders, with link-valve gear placed under

the boiler, and protected from dust by sheet-

iron coverings, easily removed for oiling and
cleaning. The crank-shaft transmits the

motion by gearing to an intermediate shaft

close in front of the fire-box, and on a level

with the driving axle ; and from this shaft

the power is transmitted by an endless chain

to the axle which is behind the fire-box.

The driving wheels can be loosened or fixed

to the axle by bolts, but not without stop-

ping the engine. I do not know whether
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others have, in a practical manner, fast-

ened and loosened the wheels while in mo-

tion ; but this is one of the points which
ought to have the attention of mechanicians.

The machine cannot turn conveniently with-

out one wheel loose ; and so long as the fix-

ing and loosing cannot be effected while in

motion, it will be almost necessary to work
with one wheel loose, thus using only half

the force which the machine might exert.

Road locomotives not being guided by rails,

it is necessary that their front axles should

be turned to the right or left. It is in this

part that they differ most from each other.

In the arrangement of Mous. Albaret, the

front axle wheels are in advance of the

smoke-box. To the middle of the axle is

jointed an upright spindle, which turns in a

socket that is held by a prolongation of the

upper part of the smoke-box—the prolonga-

tion being high enough to allow the wheels
5-± inches high, to turn under it, like the

wheels of a common coach. The spindle is

worked by an endless screw turned by a

hand crank, gearing into a worm wheel on

the upper end of the spindle. The shaft of

the screw is prolonged to the foot-plate, so

that the engineman can steer ; and in this

respect it has an advantage over other en-

gines, which require special men to steer.

This arrangement is important ; because, in-

dependently of the saving of the wages of a

steersman, it renders the maneuvering much
more easy and certain. The machine is

mounted on springs to soften the effects of

jarring and jolting. In front there is a

conical spiral spring around the spindle
;

and the hind springs are of the common
laminated kind. The total weight is about

i ten tons, of which six and a half are on the

drivers, which are five feet high and fourteen

inches wide at the rims. The usual speed is

five kilometres an hour, and the highest speed

allowed is seven kilometres, (about three and
one-third and four and one-third miles).

After being exhibited at the competition

at Laon, in 1866, this engine was bought by
Mons. Godin-Lemaire, to draw coal and iron

for his foundry at Guise (Aisne). It worked
between Guise and the fort of Longchamps
a distance of four kilometres (two and two-

third miles). It went out lightly loaded,

and returned with a useful load of 15,000
kilogrammes (about fifteen tons), and burns at

the maximum 250 kilos (550 lbs.), of coal

per round trip. At these rates the daily

expenses are less than half the cost of horse
power.

Mons. Godin-Lemaire is, nevertheless, lit-

tle satisfied with the results of his experi-

ment—for it is not enough that the current

expenses be reduced ; it is necessary more-

over that the machine shall be exempt from
frequent derangements and important re-

pairs. Unfortunately this locomotive leaves

something to be desired in this respect. In
the first place there have been and still

occur, numerous leaks at the tube joints.

These may be due to bad original construc-

tion ; but it is to be feared that the suspen-

sion of the boiler is not without influence in

this evil. The boiler is suspended at its

ends, the axles nearly fourteen feet apart,

and the jolts may cause strains very preju-

dicial to the joints. In the second place,

the endless chains that transmit the power
from the intermediate shaft to the driving

axle have been found too weak ; and the

links and the teeth of ihe pinions have been
much worn, and there have been many rup-

tures of them. Moreover the chains have

been elongated—and not being sufficiently

guided they have sometimes got outside the

teeth, under the effects of violent lurches.

Attempts have been made to mitigate the

effects of the lengthening of the chain, by
applying a tension rod, and making the pil-

low blocks of the intermediate shaft adjust-

able ; but it is clear that the most effica-

cious remedy would be in the use of a chain

so strong that the elongation would be in-

significant ; for, in spite of the two expe-

dients above stated, there was produced such

a difference between the relative pitch of the

chain and the wheels, that they could not

work together without a series of small

shocks.

However these points may be, MonS: Go-
din-Lemaire seems convinced that the trans-

mission by chain is, in itself, bad; and that

the road locomotive cannot become really

practicable and capable of regular service,

until the chain is superseded. I do not

know whether the future will confirm this

opinion ; but I will remark that the experi-

ments have been made under disadvantages,

as Mons. Godin-Lemaire himself was the

first to point out. In fact, the Longchamps
route, which leads also to Bohain, is the

one on which is performed nearly all the

traffic of the industrial establishments of

Guise. It is extremely worn, even to such

extent that the merchandise brought from
the north by railway has to be loaded at St.

Quentin instead of Bohain. From this fact

it will be understood that the route is very
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ill prepared to receive the road locomotive

;

that the machine was exposed to numerous

chances of accident which it would not have

met in ordinary practice ; and that we can-

not accept as definite the condemnation of a

system, on the results of an experiment

made under such unfavorable conditions.

The other experiment, of which I shall

now speak, has given more satisfactory re-

sults. Mr. Pilter, an English mechanician,

instead of copying the railway locomotive,

has limited himself to adopting an ordinary

portable engine, and establishing a connec-

tion between the crank-shaft and the driving-

axle, by means of an intermediate shaft and

an endless chain, as in the French engine.

The engine is placed on the boiler ; the fly-

wheel is retained; and by ungearing the

intermediate shaft, the locomotive may be

made to work as a portable engine. It is

therefore particularly convenient for agricul-

turists. The boiler is a plain cylinder and

fire-box, without dome, and has 203 feet of

heating surface. No special precaution has

been taken to prevent changes of the water

level on hills ; and only a fusible plug is put

in the crown-sheet, to cause the fire to be

extinguished by a jet of steam in case the

crown-sheet should become dry and hot. It

is fed by a pump which can be worked while

the engine is standing, by ungearing the

intermediate shaft. The driving-wheels are

64 inches in diameter, and sixteen inches

width of rim. As in Albaret's engine, they

are fastened and loosened by bolts ; but in

the French machine the fastening is possible

in any position in which the engine can stop

;

while in the English it is necessary to bring

the wheels to one position on the axle, so

that the holes may be in line. The front

swivelling train is very complex. It has

three wheels ; the hind axle under the fire-

box, held to it by a swiveling joint. The
steersman sits with his back to the smoke-
box, and by a tiller turns the front wheel
as it is turned in toy carriages. The system
works perfectly in forward motion ; but in

maneuvering and in untrained hands there

is likely to be a misunderstanding between
the engineman and the steersman which may
involve much loss of time, if not more seri-

ous consequences. The total weight, and
the distribution of it on the axles, is about
the same as in the French engine—and the
ordinary speed is the same, three and one-
third miles an hour.

This is the engine which, in October,
'67, made the experiments of towing boats

on the Oise, of which all the journals have
spoken. It was thence taken to the sugar
manufactory at Braisners, near Soissons,

where Mons. Duffie proposed to use it for

the transportation of beets. It worked for

about 40 days between the factory and a
depot at Cuiry-Housse, eight kilometres
distant. The road is in very good condi
tion, but its profile was very accidental, for

it has barely two kilometres of level, and
the rest is in steep hills and inclines varying
from three to seven in 100. Its ordinary
train was two large wagons, each contain-
ing 7.4 tons of beets. On the return trip it

drew five to six tons of pulp. It made two
round trips per day, and burnt 1,540 to

1,760 lbs. of coal. In going ;md returning
the tank was filled with water by means of
hose from a pond six kilometres from the
factory ; and in addition, to provide for
emergencies, the train was always followed
by a cask on a cart containing from two to
three hectolitres of water. In dry weather
the traction was easy, but in wet and muddy
weather there was such slipping as to show
the necessity of lightening the loads or
roughening the wheels. Notwithstanding
the regulations against rough wheels, the
administration, for the sake of rendering
the experiment conclusive in all respects,

made no opposition, and Mons. Dufiie ap-
plied on the tires of the driving wheels
strips of plate iron 1.2 inches wide by
0.4 inches thick and 24 inches apart (eight

on the entire circumference). With this

addition the machine drew its load over the
hills, and was no farther hindered in its

work until the time of ice and fresh snow.
The service of this machine was generally

satisfactory during the winter of 1867-8.
This is not to say that it always avoided acci-

dents, and that there were no ameliorations
to be desired. Far from it. As the fusi-

ble plug corroded, it had to be replaced
every week, although it had never been left

completely uncovered. The chain, though
stronger than that of Albaret, has had seve-

ral links broken, and at the end of the sea-

son it had to be replaced. There have been
some ruptures of teeth ; and, at the outset,

before the men had become expert, the com-
plication of the swivelling train or three-

wheel bogie occasioned some accidents dur-
ing its maneuvers, such as getting into the
ditches of the road, from which the machine
could not always extricate itself. But these

are accidents inevitable in the beginning of

a new system, and Mons. Duffie, recogniz-
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in<y that his apparatus is far from having

attained its ultimate perfection, does not

hesitate to regard this machine, even in its

present state, as capable of practical use,

and of rendering important service to in-

dustry.

We will say a few words about cost.

Mons. Duffle generally sent four men
with his convoy—three on the engine and

one behind to look out for the train and

hold the horses that were met, and aid the

measurers at the beet depot. The wages of

these men was 13 francs per day. The coal

cost 21 francs (at 28 fr. per ton), and the

oil cost four francs. In all, 38 francs per

day to transport 40 tons of beets or pulp

eight kilometres. The cost of haulage

therefore amounted to .119 fr. per ton per

kilometre. As to the general expenses,

they are difficult to estimate, for they de-

pend on the number of days of work in the

year and the importance of the repairs of

the machine. Mons. Duffle hopes to use the

engine 100 days in the year, 50 in winter

for transporting beets, and 50 in summer
for supplying coal and for working in culti-

vation. The engine cost 14,000 francs, and

six wagons at 1,000 francs each, makes 20,-

000 francs for the cost of his material. Al-

lowing 20 per cent for interest and decay,

the engine being estimated to last six years,

and adding 1,000 francs per year for re-

pairs, we have a yearly expense of 5,000

francs, which distributed over the work of

the 100 days gives .156 francs per ton per

kilometre. The total cost, therefore, is .275

francs. At this rate, Mons. Duffle has al-

ready realized some economy, for the trans-

port of beets by the wagoners has never

cost him less than .3 francs, and it has

often cost more in unfavorable seasons.

These costs have been very largely esti-

mated, and in many cases they may be much
reduced. The consumption of coal has been

enormous, nearly 24 kilogrammes per kilo-

metre, which is just twice what the con-

structors state in their advertisements, but

without reckoning the lighting of the fires.

This excess arises from two causes. First,

from the profile of the road, whose grades

considerably augment the resistance to trac-

tion. Second, the season in which the

work was done, for the resistance to rolling

varies much in consequence of the dryness

or wetness of the road. When the road was

frozen they have been able to make three

round trips in a day, and then the consump-
tion of coal did not exceed 950 kilogrammes;

that is, less than 20 kilogrammes per kilo-

metre. We may therefore admit that in a

fine season, and on a route with good grades,

the consumption would not exceed sixteen

or eighteen kilogrammes, and the price

would then be lowered .02 per ton pec kilo-

metre. Besides, I have supposed only 100
days' work in a year, while the machine
could easily work 250 days and leave time
enough for cleaning and repairs. Comput-
ing in this case the decay at 30 per cent and
the repairs at 1,500 francs, the general cost

would be lessened at least one franc per ton

per kilometre. Finally, Mons. Duffle's en-

gine worked but 32 kilometres daily, when
it could have worked 40 or more, and, in

effect, it did but a third of the work of

which it was capable. I think, then, that

it may be concluded, from the experiments
at Braisne, that in the present state of the

engines they can transport at .2 francs per
ton per kilometre, provided they have work
enough to keep them fully employed, and to

attain this result it will suffice to have 400
tons of transportation to do during 250 days
in the year. This amount of work could,

at the most, supply a railway only two kilo-

metres long.

In what precedes I have occupied myself
only with the machines. I have endeavor-

ed to show the results already attained and
to indicate the improvements whith had to

be realized. I cannot pretend to have suc-

ceeded fully, since I have had occasion to

examine only two types of road engine, both
exclusively for freight. But in the organi-

zation of a system of steam traction it is

necessary also to think of the embarrass-
ment of the travel already existing on the

roads and of the effect of the new system on
the preservation of the roads. In these re-

lations the experiments at Guise and Braisne
are conclusive. The locomotive obeys with
the greatest docility the direction of its con-

ductor, and easily makes way for other vehi-

cles to pass ; but, owing to its great weight,

it does not always do this without danger to

itself, when the roads are narrow and the

sidings are very soft. In such case it can-

not always cede half the road, as required

by regulations, without difficulty to itself.

Horses soon accustom themselves to the

noise of the machine, and after a few trips

they pass without more alarm than they

show in passing common vehicles. Still,

with pleasure horses that are more spirited

than work horses, precautions are taken

;

but these horses are not frequently met.
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Finally, the locomotives, with their broad
wheels, heavily loaded, serve as road rollers,

and seem to have only good effects on maca-
dam. The front wheels being nearer to-

gether than the drivers, a considerable part

of the road is rolled and there is no ten-

dency to form ruts. At Guise, as at Braisne,
it was remarked that the road was injured
only by the wagons, whose wheels were not
wide in proportion to their loads. It will

be easy to build wagons with wider wheels
and the front wheels nearer together than
the hind wheels as in the locomotive?, so

that the steam trains may have the best ef-

fect on roads.

By the regulations made for road locomo-
tives, their tires must be smooth, without
any projection. Tt was feared that if other-
wise, they might break up the surface and
seriously impair the durability of roads.
But the trial of Mons. Duffie showed that
these fears were unfounded. I was at
Brisne after several days of rain. On the
road there were some parts dry, others
moist and soft, and others covered with
mud. On the dry parts the holding strips
left slight traces; on the soft parts there
were mere impressions of the strips; and
only in the mud, where the foot would leave
a track, was there any tearing up; and this
did not extend below the stratum of mud
nor affect the macadamising. And even
this slightly injurious effect would not have
been produced had the strips been put near
together, instead of two feet apart. With
this distance apart it often happened that no
strip had held, and there was slipping, and
the next strip arrived at considerable speed,
striking a blow which tore up the ground.
Yet at the end of the year this road was not
more worn than at the end of previous
years, and Mons. Duffie had no increased
road taxes to pay. And I am persuaded
that the interdiction of holding strips will

be removed, since they are allowed in Eng-
land, where road engines have come much
into use. I will add that, in my opinion,
this is a condition indispensable to the gen-
eral use of steam traction, for the load that
can be drawn with smooth tires is too limit-
ed, the force of the machine not well util-

ised, the dead weight too considerable, and
the transportation cannot be performed with
full economy. And were it true, which I
think is not, that the projecting strips in-
jured the roads, their use should neverthe-
less be permitted; for the State and the
Departments, in providing for the repairs,

would only have to lay just taxes on the

new engines, which they could pay, and still

work with advantage.

The Exhibition of '67 in the Champ de
Mars brought together nine road locomo-
tives, from four French and five English
constructors. The English seem not to

have thought seriously of applying them to

the transportation of passengers, for their

machines are adapted to draw heavy loads

at relatively low speed—seven or eight

kilometres at most. But in France the in-

ventors have schemed to carry both passen-

ers and goods. The locomotive of Mons.
Larmanjat can draw only three tons, but its

speed is sixteen to eighteen kilometres per
hour, which is practicable only for passen-

gers. Mons. Lotz, of Nantes, has aimed to

construct a machine suitable for both ser-

vices. The other French constructors, like

the English, propose to carry only merchan-
dise.

Before examining each machine particu-

larly, I will glance at the whole together,

to set forth the general characteristics

adopted by their constructors.

Boilers.—Besides the conditions com-
mon to all boilers, there are two specially

necessary to be considered in boilers for

road locomotives. First, they must be
made so that the fire-box crown-sheets shall

remain covered with water while going up
hills. Second, the form of the boiler should

permit a firm and accessible arrangement of

the organs of motion. The English have
all adopted the same kind of boiler—the lo-

comotive without a steam dome. This al-

lows great latitude in the arrangement of

the engines, on top or underneath. The
danger of burning the crown-sheet is guard-

ed against by a fusible plug, which will melt

and allow steam to extinguish the fire before

an explosion can occur. This system is

simple, but it cuts the knot rather than un-

ties it, and it may have the inconvenience

of supplying moist steam, for want of a high

and copious reservoir.

The French have been more inventive.

The design of Mons. Albaret we have de-

scribed. That of Mons. Larmanjat is anal-

ogous to it. Mons. Calla's has also a dome
over the fire-box and a barrel long enough

to accommodate the motive mechanism. But
the most radical solution is given by Mons.

Lotz, who completely separates the boiler

from the engines The boiler is upright and
behind the driving axle, and the engine is

inverted and attached to the tank, which is
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placed forward at the distance suitable for

the gearing and chain. The two conditions

which I have stated are perfectly fulfilled,

but it is to be feared that the boiler will be

found too small for the speed proposed. On
the whole, I think the English type is really

the most practical.

Motive Mechanism.—The first ques-

tion is, whether there should be one or two

cylinders. With two the motion is more
equable, and there are no dead points.

With one the construction is cheaper, and

the maximum effort greater. This last ad-

vantage is not to be disdained in a machine

which is liable to get mired, and to require

for a moment a strong exertion of force.

On this question opinions are divided, and

of the nine engines, four (three of which are

French), have two cylinders. The English

have all put their cylinders on top of the

boiler, near the chimney. Calla has put his

cylinders on top, but near the fire-box. Al-

baret and Larmanjat place theirs under the

boiler, where the mechanism is least accessi-

ble and most exposed to dust ; but they have

endeavored to exclude dust by coverings.

And Lotz has placed his cylinder vertically

over its shaft, in the forward part of the

vehicle. This disposition is perhaps objec-

tionable on account of the disturbance by
the up-and-down movement of the piston.

Mode op Transmission op the Mo-
tion.—I have already spoken of the incon-

veniences of chains for transmitting motion

from the intermediate shaft to the driving-

wheels. Nevertheless, there are but three

English constructors who have completely

abandoned that system. Whatever be the

mode of transmission, nearly all the ma-
chines can vary the number of turns of the

engine to one turn of the wheels. Those of

Albaret and Filter are the exceptions. The
others, excepting Lotz and Larmanjat, who
aim to carry passengers, in their devices to

vary the speed, have no other object than to

save time when going without loads. All

the French engines are on springs, and this

is evidently advantageous on account of

durability ; but none of the English have

deemed it useful to adopt this refinement.

All the French engines have smooth driv-

mg-whee's, as required by the regulations.

The English restrict themselves to this con-

dition only in engines which they hope to

sell in France.

Steering Apparatus.—For the swiv-

elling of the front axle or truck there are as

many plans as there are constructors. Of

the nine machines five are steered by a spe-

cial conductor placed in front ; the four

others are steered by the engineman. In
going forward the first system evidently

gives most safety ; and it appears to me best

for passenger carriages ; but it is more cost-

ly, and renders maneuvering more complex,

in consequence of want of perfect under-

standing between the engineman and steers-

man. I now pass to the examination of the

different models separately, commencing with

the English.

Pilter's Engine.—Having shown the

general arrangement of this machine, I

shall here consider only some details of con-

struction. The intermediate shaft, between
the crank-shaft and the driving axle, is not

placed high enough to pass over the top of

the boiler ; it therefore has but one bearing,

and its working end overhangs. This dis-

position is unsatisfactory, and it is not sur-

prising that several ruptures of the pillow-

block occurred on the machine belonging to

Mons. Duffie. On Pilter's locomotive, in

the Exhibition, the motion is transmitted

by wheels with conical surfaces, which work
against each other, depending on friction.

This system has the advantage of easy con-

nection and disconnection while in motion
;

but it may be questioned whether, in prac-

tice, this kind of frictional gearing will

have sufficient adhesion.

Aveling & Porter's Machine.—This

has the same disposition as that of Pilter's,

which is but a copy of it ; for Aveling in-

vented the three-wheel truck.* The inter-

mediate shaft is not over-hung, as in Pil-

ter's, but is placed high enough to pass over

the boiler, and have a bearing each side.

This shaft and the crank-shaft carry gear

wheels at both ends, with different propor-

tions, so that the speed may be varied by
throwing either the right or left into gear.

As in Mons. Duffle's machine, the fixing of

the wheels is by bolts. Experience proves

that when the tires are smooth, the fixing

can be effected very well while in motion

When one wheel is fixed and the other loose,

the former slips a little, and soon brings the

holes into line, so that the bolt can be

pushed home ; and this happens the sooner

i when the slipping is greatest, and there is

* We translate without comment. Our readers may
I know that this is older than Aveling ; and on other

points they may see that we might have corrected the

author; but we deem it best to reserve our criticisms

I until we have occasion to write an original artiole on

|
this subject. -: _
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most need of the adhesion of both wheels.

The loosening is not practicable without

stopping, for the bolt is held too strongly

to be withdrawn while the power is exerted

upon it. Porter's steering gear certainly re-

quires the least effort of the steersman of any

that I have seen. In maneuvering it requires

a certain degree of expertness ; but even in

this view it is not inferior to the other sys-

tems that require a special steersman.

Messrs. Aveling & Porter had two locomo-

tives in the Exhibition, for which they re-

ceived a medal. One, of six horse power,

was bought by Mons. Schotman, of Don, to

tow boats on canals. The other was of

twelve horse power. They have engines

now at work at the sugar factories in Nesles

(Somme), in Barbiere (Oise), and in Mon-
cornet (Aisne).

Machine of Clayton, Shuttle-
worth & Co. (Medal of the Exhibition )

—

It has two cylinders under the boiler. The
transmission of the motion is by spur-gear-

ing on two intermediate shafts ; one of them
over-hanging, like Pilter's. They say, in

their prospectus, that their engine can turn

curves of the shortest radius, being enabled

by differential gearing of their own inven-

tion. I could not see this mechanism, as

the attendant of their machine covered it

when he saw that I was studying it closely.

It has two steering wheels and a steersman

in front.

Kansome's Machine.—This has one
cylinder on the boiler near the chimney.
The motion is transmitted by spur-gearing

on two intermediate shafts, one of which is

used only for slow motion. The fixing of

the wheels is by friction clutches ; but it is

not effected while in motion. It has two
steering wheels, and the smoke-box rests on
the centre of the axle. Chains go from the

ends of the axle to a horizontal wheel be-

hind the engineman, who steers.

Underhill's Machine.—This has one

cylinder. The motion is transmitted by
spur-gearing. The fixing of the wheels is

by bolts, as in Pilter's. It has two steer-

ing-wheels, with the load on the middle of

the axle, as in Ransome's. A strong rod,

jointed to one end of the axle, goes to the

foot plate, where it is formed into a rack,

and pushed or pulled bv a pinion worked by
the engineman. What strikes us in this

machine is the extraordinary form of the

driving-wheels, whose rims are of wood,
with iron tires zigzagged, so as to leave on
the ground a track similar to one repre-

sented by the figure 6. This system may
give adhesion ; but it may be feared that it

will fail to give strength. For the rest, the

constructors seem to have aimed to make
portable engines that could propel them-
selves from place to place, rather than trac-

tion engines, for they have not provided coal

boxes.

Larmanjat's Machine. (Medal of the
Exhibition.)—It is of three horse-power,

and expressly for passengers, and can draw
three tons. Its centre of gravity is very
low, which gives it great stability. It has
two cylinders under the smoke-box turning

a crank-shaft under the fire-box. This shaft

acts by gearing on the driving axle. Be-
hind the driving axle is a shorter axle, with
smaller wheels, and an endless chain trans-

mits the motion from one axle to the other.

By levers, worked by screws, the smaller

wheels may be made to carry the load, or

may be lifted clear of the ground,—the

wheels that are not carrying continuing to

turn. When on a level the large wheels
carry and run at sixteen to eighteen kilome-

tres an hour ; and on hills the small wheels
carry at seven to eight kilometres. The
higher speed is ten to eleven and a quarter,

and the lower is four and three-eights to five

miles per hour. This combination seems
capable of working well ; but evidently it is

inapplicable to a heavy engine, and could

not be used for a locomotive that draws
heavy loads. It is steered by one wheel,

held by a forked spindle, on the top of which
is an arm, to which is jointed a rod worked
by a pinion, by the engineman.

Lotz's Machine.—In external appear-

ance this machine differs entirely from the

others, which all more or less resemble rail-

way locomotives or portable engines. In
this all the organs are placed on a sheet-

iron body with three wheels. Behind the

driving axle is an upright boiler, and in

front is the engine. The cylinder is vertical.

The crank-shaft and two intermediate shafts

are on a level with the platform. The mo-
tion is transmitted to the drivers by an end-

less chain. Gearings of different propor-

tions, with clutches, enable the machine to

be worked at three rates of speed. This

complete separation of the boiler from the

machinery has the great advantage of ren-

dering repairs easy ; and the engineman has

all parts in sight and accessible. But, as I

have said, the boiler appears too small. The
driving axle has springs and axle boxes like

those on railways. The fixing of the wheels
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is by a brake, analogous to that in Ran-
some's. The axle of the steering wheel is

fixed in a horizontal wheel with teeth on its

rim, into which a pinion works, and a spe-

cial steersman works the pinion. Lotz's

engine has been bought by the director of

the glass-works of Folembray (Aisne), and
has worked since November, 1867, between
Coucy aud Chauny, transporting materials

and products. Several other similar ma-
chines work at Orleans and at the mines of

Blanzy.
- Albaret's Machine.—Save, in a few
details, Albaret's machine in the Exhibition

is like the one we have reported. The end-

less chains are made stronger ; and this is

the only one that has a chain to each driving

wheel.

Colla's Machine.—It has a framing
like a locomotive, formed of two long plates

with proper connections. This is an im-

provement ,• for it bears the shocks and
sti'ains which in the English and Albaret's

engines are thrown upon the boiler. It has

a steam dome over the fire-box, and a barrel

long enough to receive the engines. The
cylinders are on top, near the fire-box, and
the crank shaft forward, and the intermedi-

ate shaft further forward, close to the chim-

ney. With this arrangement the endless

chain has to be very long, though the driv-

ing axle is before the fire-box; and the

lengthening of the chain must therefore be

more sensible. There are two steering

wheels in front of the smoke-box, under the

frame plates. The axle is connected to a

horizontal wheel with a toothed rim, into

which a pinion gears ; and the pinion is

turned by a band wheel worked by a special

steersman. The drivers are fixed and
loosened by clutches, which are worked
while the engine is in motion. In the other

engines the steersman in front has only to

steer. In this he has to work the clutches

which fix the wheels, and also to work the

levers which change the rates of speed. The
engineman has charge of the throttle, the

reversing lever and the fire. Experience
only can show whether this division of

functions, between men so far apart, is the

most advantageous. Under the seat of the

conductor is a shaft worked by a chain,

which in case of aceident will serve to warp
the machine forward, by winding a chain or

rope that is fastened to an anchor or other

fixed object ahead. This engine is solidly

built ; all its parts have been well studied

;

and all the difficulties have been noticed.

But there is another side : on account of the

steam dome the boiler has been made long

to give room for the mechanism. The
necessary organs are numerous, and aug-

ment the weight ; and as the division of the

weight between the axles is very unequal,

because of the driving axle being before the

fire-box, the weight on the drivers is exces-

sive, twelve tons at least. This weight far

exceeds the regulations ; and there are few
routes on which such a heavy engine could

work safely.

I conclude this rapid review by saying

that I entirely agree with the international

jury who awarded the first premium to

Messrs. Aveling & Porter. Their machine
is the one which, by its simplicity and good
construction, seems for the present to offer

the best assurance of efficient and regular

service on common roads.

Engineering IN India.—From a com-
prehensive article in the Calcutta "En-

gineers' Journal," we learn that theGovern-
ment has fully sanctioned the establishment

of the best schemes of irrigation and navi-

gation throughout this vast industrial empire.

Among the schemes for irrigation, surveyed

and to be commenced, are the construction

of 16 reservoirs in the Midnapore district,

from which some 75,000 acres of land may
be watered ; also a canal for navigation and.

irrigation, from the Damoodah to Calcutta,

100 miles (already commenced); a system of

canals from the Gunduck for the benefit of

the districts of Chumparan, Sarun, and
Tirhoot, and a canal from the Granges at

Hajmahal to Calcutta, also the Sutlej canal

in Punjab—all these canals being designed

to prevent the horrors of famine heretofore

prevalent, and being adapted to naviga-

tion.

An Imperial sanitary commission has been

appointed. One of its chief duties is to

detect the cause of disease as arising from
drainage, water supply, and ventilation.

Simultaneously with this office the Govern-

ment of India has made the appointment of

an experienced mining engineer in connec-

tion with the geological survey of India, for

the purpose of determining with precision

the mineral resources of India, improving
and extending mining operations, and sub-

sequently collecting and tabulating the

mineral statistics of the country, which has

been looked upon with great pleasure and
satisfaction by the country at large.
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THE "UNIVERSAL" R0LLLNG MILL.

in an article on the progress of the British

iron trade, " The Engineer
1

' says : There is

no one practically connected with the iron

trade who is not tolerably familiar with what,

by the use 'of the universal mill, Messrs.

Petin, G-audet & Co., for example (in France),

have been able to accomplish. Their fam-

ous rolled beam 39§ inches in depth, exceed-

ing 32 feet, in length, and weighing two and

a half tons, with also their more than two-

ton beam, upwards of a foot in height, and

above 106 feet in length, in the Paris Ex-
position, evidenced the capabilities of the

the universal mill.

The mill, as laid down at Messrs. Petin,

Gaudet & Co.'s works, is not remarkable for

novelty, for its essential features are to be

found elsewhere, and Mr. Abram S. Hewett
claims that they were embraced in the first

train for rolling beams erected in 1853 at

the Trenton works, New Jersey. Whilst

the universal mill is by no means unknown
to many of our readers, they may neverthe-

less feel interested in reading the description

of it as given by the intelligent American
ironmaster and United States commissioner

we have named. He says that "for each

size of beam there is a pair of rolls, each hav-

ing a working face at the middle of its length

equal in width to the depth of the beam.
The diameter of the roll at this part is very
large, say three feet six inches, the body of

the roll for the rest of its length being about
22 inches in diameter. This formation of the

rolls leaves a considerable space between the

two, except where the working faces come
together. In this open space is placed a

pair of rollers working on vertical axes fixed

in stout movable frames, by which they can
be brought into juxtaposition with that por-

tion of the horizontal rolls which is of largest

diameter. The pile used is somewhat thin-

ner than the width of the flange to be pro-

duced, and of a width somewhat greater than
the depth of the beam, and is so made up as

to conform roughly to the final shape of the

girder. As the main rolls are brought to-

gether and form the trough in the beam, the

friction rollers at the sides are also pressed
towards the centre, and tend by the pressure
which they exert to extend the flanges at

the same time that the web is being drawn
out by the main rolls. An offset is turned
in the side of the large portion of the rolls

to receive and form properly the flange as it

is extended by the pressure of the friction

Vol. I.—No. 3—16.

rolls. The latter are worked each by a

screw in a horizontal frame bolted to the

side of the housing, the screw being provided

with a ratchet lever to be worked by hand.

This enables the thickness of the flanges to

be adjusted with precision. With this mill

Messrs. Petin, Gaudet & Co. have rolled

girders of 40 inch high, 33 feet long, and feel

confident they could make them 90 feet in

length." We have said that the essential

features of this mill were applied in the

United States, more than fifteen years ago,

but in the mill at Trenton the axes of the

driver rolls and of the friction rolls were at

right angles to the mill of Petin, Gaudet &
Co. That the latter is a better working
arrangement than the former there cau

scarcely be any doubt.

It is no argument against the universal

mill that the immense products exhibited in

Paris as resulting from its operation are

mere tours de force. No doubt a careful

observation of the various structures in pro-

cess of erection on the continent would fail

show that these remarkable specimens of

rolling have yet been brought within such

limits of cost as to admit of their use in build-

ing. We know that in the Exposition

building itself, no rolled beams were to be

found of a greater depth than nine inches

;

and it is a fact that in the very many struc-

tures which are now being put up in the

capital of France in which iron beams are

invariably employed to the exclusion of

wood, four-inch, six-inch and seven-inch are

the dimensions most generally employed.

But now that it lias been found possible to

produce beams of such large dimensions by

the simple process of rolling, Mr. Hewett

himself observes, "it is but reasonable to

expect that the cost will be reduced as ex-

perience is gained, and that the large single

girders will gradually replace the riveted

girders, which even in the palace of the

Louvre are invariably employed for spans of

any considerable extent."

The universal mill had its origin in this

country, but it came out at a time when its

importance was not correctly estimated here;

nor, so far as it relates to beams of the class

we have been writing about, would its appli-

cation have been of much value in England

at this t ;me. Now the mill is getting into

use. The most recent train of this kind is

intended for rolling long narrow plates with-

out the necessity of their being afterwards

sheared.
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STRESS DIAGRAMS FOR STRAIGHT RAF-

TER ROOFS.

In a former article* we explained how the

stresses in a Warren girder can he deter-

mined by means of a simple and easily con-

structed diagram. We will now proceed to

determine the stresses in some of the com-

moner kinds of iron roofs—such as are indi-

cated in figs. 1 and 3. In the form most

commonly used in England, fig. 1 represents

a roof with four hays to each half. The
first step is to determine the load which

produces the most unfavorable stresses in

the different bars. In general, this load is

not the same for all the bars ; but in the

present case, in which the top and bottom

beams A C and A J are straight and meet

at the end points A and B, the greatest load

possible uniformly distributed over the whole

rafter gives the greatest stresses in all the

bars. We have, therefore, to consider this

load only. It consists, first, in the dead

weight of the girder; second, the weight of

the covering; third, in the greatest possible

load of snow which may fall on the roof;

fourth, the maximum pressure of the wind.

The girder ought to be loaded at the con-

necting points only—that is to say, at the

points A D E F C, &c, for otherwise the

bars of the top beam would have to sustain

beading forces requiring more material than

for mere tension or compression. We, there-

fore, suppose that the covering rests on the

girder only at these points. When one of

these points, E, for instance, is loaded with

the weight upon half the bay D E and upon
half the bay E F, or when the top beam is

divided into equal portions, the load upon
one connecting point is equal to the load

upon a rectangular superficies extending in

length from one rafter to another, and ex-

tending in breadth from one connecting

point of this rafter to the next. The weight

resting upon the points A and B does not

affect the construction, as these are directly

taken up by the support. Let us now sup-

pose the weight on each connecting point to

be two tons. Then the whole load on the

girder is 7 by 2, or 14 tons. As this is

symmetrically distributed with regard to the

two supports A and B, each of these has to

take 7 tons. These data are sufficient to

determine the stresses, and we will begin to

construct the diagram of forces.

We employ in this instance a mode of
denoting the bars and forces which is much

*See Van Nostrand's Magazine, Vol. I, No. 1, p. 13.

more convenient than that used in the former
article. Structures to which the graphical
method is applicable consist of bars forming
a number of triangles, and we accordingly
write in each of these triangles a figure, suc-

cessively numbering these triangles in their

natural order. In figs. 1 and 3, this is done
by the numerals 5, 6, 7, 8, 9, 10 and 11.

Opposite each top and bottom bar other
figures are placed, and it will be observed
that for all the bottom bars the figure is

used, whilst the bars in the top plane have
different numerals, 12 3 4. This difference

is due to the fact that the bottom is not
loaded. If one of the connecting points at

the bottom—for instance the point C in fig.

1—were loaded, we should be obliged to use,

to the right and left of the load at C, differ-

ent numerals. In this way each bar has at

each of its sides a figure by which it is

clearly indicated. The top bar, E F in fig.

1, is thus denoted by 2 8, whilst 6 7 denotes
the bar E Gr. Similarly the load at point
E may be denoted by 2 3. This mode of

marking the bars will, perhaps, appear at

first rather strange and arbitrary ; but we
shall see further on that it greatly simplifies

the indication of the forces in the diagram
of stresses and the correspondence between
the two figures.

The process of constructing the diagram
of forces for this roof is exactly the same as

in the former case of a Warren girder. We
begin at the point A, where the known resist-

ance of the support acts with a force of 7

tons. This we have to decompose into two
components with the directions of the bars

4 5 and 5 0. Draw a line 4 (in fig. 2)

parallel to the force A in fig. 1, and there-

fore vertical, make its length to any scale,

equal to A, or, in our case, equal to 7 tons.

Through the two end points and 4 draw
lines parallel to the directions of the bars

5 4 5, and let these lines meet at the point

5. Then 5 and 4 5 in fig. 2, determine
the forces respectively acting in these bars.

To ascertain if these forces produce tension

or compression we follow round the triangle

4 5 in the direction which is prescribed by
the direction of the known force 4. We
find that the force 4 5 acts from 5 to 4 and

5 from to 5. In the girder, fig. 1, these

forces act parallel ; the force in 4 5 acts

parallel to the direction from 5 to 4 ; or

from D towards A in fig. 1. It, therefore,

produces compression ; similarly, the force

in 5 acts in the direction from to 5 in

fig. 2; that is, from A to C in fig. 1, pro-
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ducing tension. Compression is again de-

noted by a double line in both figures. We
now go to the point D, where we have to

combine 4 5 with the load 8 4 of two tons
;

and to decompose the resultant into the di-

rections of 5 6 and 3 6. We remember that

the compressed bar 4 5 presses at the point

D in the direction from A to D ; or, in this

diagram of stresses, in the direction from 4

to 5. To this force 4 5 we add the load 3

4. The line adjoining 3 5 would give the

resultant of the two known forces acting

upon the point D. It is unnecessary to

draw this line. We decompose this force

with the given directions by drawing through

the end and points 3 and 5 two lines paral-

lel to our two - bars 5 6 and 6 3 in fig. 1.

Let 3 6 and 5 6 be these lines, which inter-

sect at 6. Then 3 6 in fig. 2 is the stress

acting on the bar 3 6 in fig. 1 ; and 5 6 that

acting upon the bars 5 6. To find the direc-

tion of these forces we follow round ^the po-

lygon 3 4 5 6 in the direction determined

by the known forces 3 4 and 4 and 5, which

are, as required, placed together in such

wise that they travel the same direction by
passing along these lines from 3 over 4 to 5.

Proceeding, we pass from 5 to 6, and from

6 to 3. Hence the force 5 6 has in fig. 1

the direction Gr to D. It presses against the

point D, and has, therefore, to sustain com-
pression ; and 3 6 has likewise compression.

We next come to the point Gr, where 5

and 5 6 act as known stresses. They are

represented in the diagram of stresses by
the lines having the same figures and placed

in the same way as they point in the direc-

tion 5 6. Drawing through the end points

6 and lines parallel to the bars 6 7 and 7

0, we get the lines 6 7 and 7 as stresses in

these two bars. They act in the direction

from 7 to 6 and from to 7 ; or in fig. 1 in

the direction from Gr to E and from Gr to H,
as we follow round the lines in the direction

6 5 7 6 0. Hence both bars are undergo-
ing tension. In this case, the line 7 coin-

cides in direction with 5, but by our pre-

sent mode of notation an ambiguity is im-

possible. We thus continue, necessarily

taking the points EHF J. Drawing from
each point the corresponding lines in the

diagram of stresses we obtain fig. 2.

This diagram determines all the stresses.

Measuring all the lines with the same scale

by which the first line 4 is made equal to

7 tons, we obtain the stresses directly. Only
the stress 10 11 in the center tie-rod is not

given at its proper amount. The line given

in the diagram represents the tension down
to only one-half of the rafter; but as this

bar belongs equally to the second half, the

stress, as taken from the diagram, is to be
doubled.

Here, as in the case of a Warren girder,

we have determined all stresses by express-

ing for each connecting point that the forces

acting upon that point are in equilibrium.

We began at one of the supports and pro-

ceeded by taking the other connecting points

in their natural order till all the stresses

were found. This process is always possi-

ble, unless it should happen that these forces

are unknown at one point. This is not the

case with the rafter, fig. 3, which illustrates

a form of roofing much used in France and
Belgium, and known in England under the

name of the French roof. A diagram as

simple as that in the former case enables

one to determine all the stresses.

We again suppose the rafter, fig. 3, to be
loaded at the connecting points F G H 0, and
so on for the other half, and with equal

weights—say 2 tons at each point. The
whole load will be 14 tons, half of which
comes upon each support. This load of 7

tons we represent by the vertical line 4
in fig. 4, and divide it at the points 12 3

in such wise that 4 3, 3 2, 2 1, each repre-

sent 2 tons, corresponding to the loads at

the points F Gr H. The remaining part 1

is then equal to half the load .at C.

Through the points 4 3 2 1 draw lines par-

allel to the top beam A C, and through
draw a line 5 parallel to the bottom beam
A D, which cuts the lowest of the former
lines at 5. Through this point 5 draw a

line 5 10 parallel to the struts 5 6, 7 8,

9, 10, or at right angles to 4 5. This line

determines the points 6 9 10, and the forces

in the top beam by the lines 4 5, 3 6, 2 9

and 1 10. Lines drawn through and 10
parallel to D E and D C meet at 11, and
determine the stresses 11 in the great tie

rod D E, and in the bar 10 11. To com-

plete the diagram it only remains to draw
9 8 and 6 7 parallel to the corresponding

bars in the elevation, fig. 3, and to join 7 8.

Having done this, all stresses are determin-

ed, and the figures at once show which line

in the diagram represents the stress in any
bar in fig. 3. Double lines represent com-
pression, and single lines tension.

The correctness of this diagram has now
to be proved. Beginning, as before, at the

support A we easily see that 4 5 and 5

are the two forces. Knowing these, we de-
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terniine the next ones, which meet at the

points F and J. Here we stop ; for if we
proceed to the point Gr the three forces 7 8,

8 9 and 9 2, are unknown ; and if we try to

take the point D first, then again three

forces have to be determined, namely, 7 8,

8 11 and 11 0. The diagram is, indeed,

found by a somewhat differing method ; but

it being once given it is easy to be seen

that it must be correct, for it gives stresses

which are in equilibrium at each connecting

point. The forces, for instance, acting up-

on the point Gr are given by the figures

placed round Gf, namely, by 3 6 7 8 9 2 3.

These figures, in fig. 4, are the angular

points of a polygon of forces, and, as this is

closed, we have equilibrium at Gr. Simi-

larly for all other points. By following

such a polygon round in the direction deter-

mined by any of its forces, we further

ascertain which bars undergo compression

and which have tension. In the polygon

for the point Gr, for instance, the load Gr or

2 3 acts in fig. 4 in the known direction

from 2 to 3. Hence, following round in the

direction 2 3 6 7, &c, we see 3 6 acts from

3 to 6, and parallel in the elevation, or to-

wards the point Gr. Thus 3 6 undergoes

compression, aud so on for the others.

These diagrams show very strikingly how
the stresses alter with the inclinations of the

top and bottom beams. Suppose, for in-

stance, we make the top beam in fig. 1 more
inclined, then the line 4 5 in the diagram

of forces will turn round the point towards

the line 4 0. The point 5 then moves
towards in 5, whereby the lines 4 5

and 5 are rapidly shortened ; and simi-

larly with all the other lines in the diagram.

Hence all the forces decrease by giving the

top beam a greater incline, or by increasing

the depths of the rafter.

The above is from the "Building News."

The same subject is treated by James H.
Cotterill, M. A., in "Engineering," under
the following title :

On the Graphic Construction op
Bending Moments.—It has long been
known that the ordinates of a funicular

polygon, corresponding to a system of par-

allel forces in one plane, represent the

bending moments produced on a beam by
the action of those forces ; at least, such a

principle has been employed in special

problems, though, perhaps, never distinctly

laid down as a general property of the

funicular polygon. For instance, it must
have struck every one who has considered

this subject that the curve representing the

bending moment at any point of an uni-

formly loaded beam is identical with the

curve in which a chain hangs under a load,

which, like that of a suspension bridge plat-

form, is uniformly distributed horizontally.

Also, it is not difficult to perceive that the

multiplier by which the numerical value of

the bending moment is obtained is the hori-

zontal tension of the supposed suspension

chain.

The remarkable construction now to be
explained is founded on this property of the

funicular polygon, and, as it appears to be
very little known, I have thought that a
short notice might interest the readers of

this journal. It is, so far as I know, due
to Prof. Culman, of Zurich ; and I am ac-

quainted with but one other writer who
uses it, namely, Prof. Reuleaux, in his

valuable work " Der Constructeur " (Note 1).

In Culman's work (Note 2) the properties

of the funicular polygon are very thoroughly
investigated, and a whole system of applied

mechanics founded thereon ; but the con-

struction for bending moments, which ap-

pear to me to be of considerable value, may
shortly be demonstrated thus: " Take, for
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example, a beam, H K, supported at H K,
and loaded with weights, W„ W„, W

3
; it is

required to find the supporting forces, P Q,
and the bending moment at any section, X
(Fig. 2).

>

Set off on a vertical line, ab
r
bc

1
cd, to

represent the weights, W, W
Q
W

3
, respect-

ively on any convenient scale (henceforward

called the scale of tons.) (Fig. 1.)

Join a, b, c, d, to any convenient pole, 0,
thus forming a figure which may be called

the diagram of forces, and draw the polygon,

A Aj A
2
A

3
A

4
, with sides parallel to Oa Ob

Oc Qd, and corners vertically below the sup-

porting forces, P Q, and the load, W, W
2W

3
; then A

e
A

t
A„ A

3
A

3
is the form in

which a rope would hang if fixed at A A
4 ,

and loaded with W, W
2
W

3 , for the sides

of the triangles, ab Obc cd, are par-

allel to the forces which act at the points

A
1
A

2
A

3
, respectively. Suppose now A A

4

to be joined, and instead of A A
4
being

fixed points, let the side, A A
4 , be a solid

bar, and the closed funicular polygon thus

formed be suspended by strings from the

points of support of the beam. Then evi-

dently the tensions of these strings are P Q ;

thus P Q are immediately got by drawing

Oz parallel to the closing side, A A
4

, in

the diagram of forces ; for, from the equilib-

rium of the points, A A
4

, represented by

the triangles, Oaz Odz; za represents P,

and z d represents Q.
Again, to find the bending moment at any

section, X, of the beam, drawing the verti-

cal through X, cutting the sides of the

polygon on the sides produced, in D E F
G ; also draw A

3
N horizontal to meet this

vertical in N, and in the diagram of forces,

n, perpendicular to ab c d.

Then by similar triangles

F G_a b , A, F__0 b

A
1
F ~0 b A

1
N n

•
F a—a b—W *

"A^^On H'
Where H is the horizontal tension in the

funicular polygon represented in the dia-

gram of forces by the polar distance, n.

... H. F G=W
S
.A

x
N=moment of W

1

about X.

So in like manner

H. F Er=monient of W
2
about X,

and H. O D= " P " "

therefore H. D E=bending moment at X.

Thus the bending moment at any point, X,
of the beam is the force represented by the

polar distance n, in the diagram of forces

acting at an arm equal to the length of the

intercept, D E, between two sides of the
polygon. The rule, therefore, is, measure
the polar distance on the scale of tens, and
the intercept on the scale of feet ; then the

product is the bending moment in foot tons.

This result may also be obtained by con-
sidering A A

1
A

2
A

3
A

4
as a girder, and

applying the method of sections.

The construction here proved for three

weights can evidently be extended to any
number ; its advantage consists mainly in

the fact that the position of the pole, 0, in

the diagram of forces is entirely arbitrary,

and can, therefore, be assumed so as to sat-

isfy any convenient conditions. Suppose
we require the stress on each bar of a half

lattice girder loaded in any way, it will be
convenient to choose a polar distance nu-
merically equal to the depth of the girder,

for then the intercepts corresponding to any
point read off on the scale of feet will be the

stress on the opposite bars in tons.

Or again we make the polar distance 10,

then the intercept corresponding to any
point read off on a decimal scale, with the

decimal point moved one place to the right,

is the numerical value of the bending mo-
ment. Thus a series of bending moments
are obtained much more quickly than by any
calculation method.
The construction will also be found of

considerable value in estimating the effect

of a partial load on a girder ; an example
will show what is meant. Let the beam H
K be uniformly loaded between A and B

;

then to find the bending moment at any
point we have only to draw the parabola h
a b k, which would represent it if the beam
were completely loaded, and at points in the

parabola corresponding to a b, draw tan-

gents cutting the verticals through H K in

)V k' ; then h' h', b a is the polygon for the

partial load, the multiplier being the same
as for the complete load. (Fig 3.)

The form which the construction assumes,

when one or more of the weights is outside

the points of support, is interesting. In
this case the closing side of the polygon
usually intersects two or more of the remain-

ing sides ; the corresponding points in the

beam are points of contrary flexure, and
converse f, if their position is known the

polygon of moments is at once determined.

For example, let H K be fixed at H, sup-

ported at K, and uniformly loaded; assum-
ing the point of contrary flexure, F, we find
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the corresponding point, /", in the parabola,

then kfr is the closing line, and hfb Icfr

is the polygon of moments.
It may be added in conclusion that the

shearing force at any point of a beam is

known at once from the diagram of forces,

thus in the case of the beam first consider-

ed, the shearing force is 2 a between P and

W
x j, z b between W, and W

2 , z c between

W^and W
s

, z d between W
3
and Q; this

enables the stress on the diagonals of a half

lattice girder to be obtained from the dia-

gram of forces by drawing parallels to meet

a horizontal through z.

Royal Sckool of Naval Architecture, De-

cember, 1868.

Notes.—1. Der Constructeur. Van F.

Reuleaux, Braunschweig, 1865. 2. Die

graphische Statik, Leipzig, 1864.

' RAILWAY STATION ARCHITECTURE.

THE LONDON STATIONS—REQUIREMENTS
THE ST. PANCRAS STATION.

The requirements of station architecture

are discussed at length by the "Building

News,'' from which we compile the following-

facts and conclusions. The light and elegant

Moorish style is considered peculiarly adapt-

ed to iron construction, and hence to sta-

tion architecture. The classical orders are

exclusively for stone. Even the slender

Corinthian or Ionic shaft, in iron, is mani-

festly a sham, and our common sense rebels

against it. How, then, is it with the stout

Doric column with its massive capital ?

The Great Western station at Padding-
ton is cited as at once elegant and suitable.

It is in three spans, crossed by two tran-

septs, an arrangement which gives it intri-

cacy and picturesqueness, and conveys an

idea of something approaching to comfort,

if such a thing can possibly exist in connec-

tion with a railway terminus. The girders

are pierced in the web with various devices
;

the columns are light and of Moorish char-

acter, and the whole is airy and elegant.

The supports to the roof are in the way of

nobody, the ventilation is perfect, and the

roof is so low that it does not obtrude itself

upon the neighborhood ; if it did it would
not be an offensive object. While Pad-
dington terminus exists let no one say that

any other must be either huge or hideous.

The Charing Cross (single span) is

one of the monstrosities which it seems to

be nobody's business to interfere with while

in progress, and everybody's duty to con-
demn when completed. It is very lono-.

very wide, very high, and very hideous.

The walls afford capital accommodation for

advertising boards, and this is the utmost
that can be said in its praise. Were the
walls lower and the roof a complete semi-
circle it would have been less offensive. It

is, indeed, rivalled by the Cannon Street
station, and it is difficult to award the
palm of supreme ugliness to either without
doing wrong to both. The large span is

not justified by the plea of freedom from
obstruction as to columns for support of
two or more smaller spans, inasmuch as the
platforms are both here and at Cannon
street encumbered with lampposts, which
are to all intents and purposes as much in

the way as a column to support a girder.

Neither is it justified on the score of su-

perior ventilation.

The Southwestern station is in three
spans similar to those at Paddington, and
the lamps are suspended, not set upon
standards. There is no pretension to

elegance or ornament, but it accommodates
its traffic, is well ventilated, and does not
offend the eye.

Other stations in London are mentioned,
and the cheapness and suitableness of sev-

eral low spans, rather than one immense
span is advocated. Columns are not ob-
jected to. They separate people into two
lines and prevent jostling; they form spots

where people can harbor and exchange a

few words without being elbowed, and where
a bag or parcel can be temporarily deposited
with less risk than on the open platform.

The King's Cross station exhibits the
failure of a too readily adopted eonstructLve

principle. For a long time the circular

ribs, built up in the laminated method, aad.

consisting of five two-inch planks bolted
together, have been losing their shape; they-
have sunk at the crown of the arch, and are
undergoing repairs. It is probable that they
will have to be replaced with iron.

The St. Pancras Station.— The
construction of the new station of the

Midland Railway is pronounced excellent.

This immense work, recently completed, has
been the subject of various essays and illus-

trations in the London press during, the past

year. The following graphic description is

from the "Railway News." This building has
the largest continuous roof of any building

in the world. It is 690 feet long, and 240
feet wide. Bare figures, however,,, . fail tc
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convey such an idea of the structure a ma

y

be afforded by comparison with others fami-

liar to our readers. The Central Transept

of the Crystal Palace is 120 feet wide, or

exactly half the width, and 384 feet long,

or rather more than half the length of the

Midland station. The dome of St. Paul's

is 100 feet in diameter ; two and a half of

these domes might be brought into the sta-

tion if it were 250 instead of 240 feet wide.

Charing (.'ross station is 168 feet, Cannon
street 188 feet wide ; the Midland is 240

feet in width, or nearly half as wide again

as the roof of Charing Cross.

There is, too, this .great feature in the

Midland that distinguishes it from all other

stations and buildings of its class. There is

no network of girders nor of rods intersect-

ing each other at every angle, creating a

maze of intricate iron-work, and detracting

from the general effect of the bold outline

which would otherwise be presented. Enor-

mous iron ribs, in shape something like the

monster jaw-bones of whales, and 25 in num-
ber, start from the ground on each side, and

meet in the centre at an elevation of more
than 100 feet above the floor of the station.

Iron plates, secured by millions of rivets,

build up these ribs, until each of them weighs

something like 50 tons, and if bent straight

would be 400 feet in length, or nearly the

height of St. Paul's Cross from the ground !

To prevent the feet of these ribs from start-

ing outward there are fifty huge girders

resting upon 1,100 iron columns, more than

a foot in diameter, and which, like the string

of the bow, keep the frame-work rigid and

immovable. To make these binders still

more secure, there are 2,000 other iron gird-

ers, which cross and recross, and form a

network of iron bracing. All this is below

the floor of the station, and it supports the

roof of four and a half acres of cellars under-

neath the station.

This large area under the station is to be

used for the storage of beer and merchandise,

and contains fifteen ranges of cast-iron col-

umns. There are forty-six columns in each

range, or six hundred and ninety in all.

They stand at about fourteen feet six inches

apart. These columns, and the piers upon

which the principals rest, have all their

foundations upon the London clay. Over
the clay is spread a floor of concrete seven

feet thick, and upon that a broad sill-plate,

upon which the columns are set. The spaces

between the intersections of the girders are

covered with Mallet's buckle-plates, and a

surface is thus provided strong enough to

bear, without deflection or rupture, any
weight that maybe brought upon it. In
addition to the binding by the girders, the

jft et of the principals are further secured by
a pair of bolts 24 feet long and four inches

| in diameter, which pass down through the

: piers, and are fastened to the anchor-plate

[below by nuts six inches deep These invi-

sible bindings of enormous strength, are

important contributories to the lightness

and elegance of the great arch. Along the

j

sides of the station, and outwards to the

(streets, ranges oi arched spaces are built, to

j
be let as shops and places of business. Their

i
fronts, in the Gothic order, and which reach

I

to about the height of the station platform,

add greatly to the effectiveness of the im-

Imense structure by their quiet enrichments,

and by dividing the vast surface of dead wall

I

that would otherwise have been presented.

The walls of the station, unlike those of

Charing Cross and Cannon street stations,

perform no part in sustaining the roof of the

building; this work being thrown, as we
.have explained, entirely upon the iron ribs

i which spring from the ground floor. The

j

walls are picked out with white stone; a

jtesselated frieze of.handsome oesign, inlaid

i with colored tiles, forms an agreeable orna-

jrnent, the moulding* above which is sur-

! mounted by an iron cresting of floral design,

the leaves curling inwards from the cornice,

i
Recessed pointed arches and small quatre-

! foil windows at intervals in the side walls

complete the architectural effect as viewed

ifrom the interior, which presents a light and
agreeable appearance.

The construction of this gigantic roof ne-

cessarily involved great difficulties. An
enormous traveling stage; similar to that

used for the domes of the Exhibition build-

ing of 1862, was built up. This stage is

100 feet in length, width 240 feet, depth 90

feet; it contains more than eight miles in

length of solid timber, and weighs over 1,300

tons. The huge mass rests upon small

wheels, and may be moved about on its

tramway as desired, by levers^ Such is the

extent of the work that there were employed
upon the station for the greater part of the

time 6,000 men, 1,000 horses, and 100 steam

lifts of various kinds.

In the designing, as in the carrying out

of this noble station and approaches, Mr.

W. H. Barlow has completed a work which
will deservedly place his name among those

of the most eminent of his profession. The
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external architecture is the design of Mr.

Gilbert Scott. The detail drawings of the

iron work were furnished by Mr. Ordish,

and the work was supplied by the Butterly

Iron Company.

Gigantic Water Works.—A manufac-

turer of Lyons proposes to supply that

town with an amount of water which no city

in the world possesses. His plan is to draw

from the Lake of Geneva ten tons of water

per second, or 864,000 tons in twenty-four

hours. The population of Lyons being 330,-

000 souls, this would give each 2,618 litres

of water per diem. Rome, the best supplied

city in the world, has 1,500 litres per head

per diem, New York 568, Marseilles 470,

Bordeaux and Paris each 170, London 110,

Brussels 80, Geneva 74, and Lyons, at pres-

ent, only 60 litres. The proposed canal or

conduit would be divided into three sec-

tions : (1) An open canal 55 miles long,

having a water section 21ft. .wide, and

about four ft. deep
; (2) a covered conduit in

masonry, 31 miles long; and (3) nearly

eight miles of syphons for the crossings of

the valleys.

—

The Engineer.

Good Marine Engineering.—The
British iron-clad Hercules, 325 feet

long, 59 feet wide, and of 8,600 tons dis-

placement, recently steamed 14.7 knots, or

over 17 miles per hour, while drawing 23

feet forward and 26| feet aft, and developing

8,528 horse power. The remarkable feature

is that the engines complete and boilers with

water weigh but 1,095 tons, or 2£ hundred
weight, per horse power.

MORTON'S EJECTOR-CONDENSER.
Compiled from Prof. Rankine's paper before the

Institution of Engineers in Scotland, and the sub-
sequent discussion, and from articles in " Engi-
neering."

One of the most remarkable devices con-

nected with the steam engine, that has ap-

peared since the Giffard injector, is the

condensing apparatus described in this arti-

cle. Indeed, Professor Rankine pronounces
it the most important improvement made in

the steam engine, since the days of Watt.
Its action is briefly this : While in the ordi-

nary condenser, the force of the steam and
water rushing in are entirely wasted, and
require a pressure of 0.6 lb. • per square

inch on the steam piston to pump them out
and maintain a vacuum, the Morton conden-
ser utilizes the force of the steam and water
entering it, and dispenses with the air pump.
The exhaust steam aud the condensing water
simply rush into a sort of Giffard injector,

and instantly come out of it in the form of

hot water (and the contained air) without
other assistance.

The experiments described were made at

the request of Messrs. Neilson Brothers.

The ejector-condenser, invented by Mr.
Alexander Morton, was applied to a pair of

vertical inverted direct-acting steam engines,

which exerted collectively a power averag-

ing about 24 indicated horse power. The
nominal power of these engines is collective-

ly seven horse power, if we apply the ordi-

nary rule for low pressure engines, or fifteen

horse power if we apply the ordinary rule

for high pressure engines. The dimensions
of the engines and of the condensing appara-

tus, and the results of the experiments, are

given in detail in the annexed table ; but as

regards the engines it may be convenient to

state here that their two cylinders were of

eighteen-inch stroke, and about ten and a

quarter inch diameter, that they ran at from
93 to 140 revolutions per minute, and that

the steam pressure gauge indicated from 30
pounds to 40 pounds on the square inch

above the atmospheric pressure, which at the

time was 14.75 pounds on the square inch.

It may be remarked that the experiments
throw light on other questions besides the

efficiency of the new condenser ; and in par-

ticular, that the accurate measurement of

of the quantity of condensation water, and
of its change of temperature, affords the

means of calculating the total expenditure
of steam, and comparing it with the quantity

of steam effectively used in doing work, as

indicated by the diagrams. The circum-
stances under which the experiments were
made were, to a certain extent unfavorable

to the apparatus, for the pipe which supplied

the tank from which the cold water was
drawn for condensing the steam was of too

small diameter, and the engines had from
time to time to be stopped in order that the

tank might be refilled.

Principle of Action.—The principle of

the invention may be described as follows :

In every injection condenser the cold water

rushes into the vacuum with a velocity of 43
feet or 44 feet per second or thereabouts.

The exhaust steam rushes from the cylinders

into the condenser with a velocity which is
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many times greater than that of the water.

In the common condenser these rapid mo-

tions of the water and of the steam are com-

pletely checked, and their energy is wasted

in agitating the fluids in the condenser, and

ultimately in producing heat, and hence it

becomes necessary to use an air pump in

order to extract the water, air and uncon-

densed steam from the condenser. The
power expended in working a well-propor-

tioned and well-constructed air pump is

known by experiment to be equivalent to

that which would overcome a back pressure

on the steam piston of from half a pound to

three-quarters of a pound on each square

inch of its area, or, on an average, about

O.b' of a pound on the square inch, and that

amount of power is lost through the wasting

of the energy with which the jets of water

and steam rush into the condenser. In the

ejector-condenser the motion of those jets

meets with no interruption, and its energy

is found to be sufficient, without any assist-

ance from pumps, to carry all the water, air,

and uncondensed steam (if any) completely

out of the condenser and into the hot well,

and thus to save the power which would
be required to drive an air pump.

Paradoxical as Giffard's injector appeared,

at first sight, its action admitted of perfectly

clear explanation. In a boiler under pres-

sure of 100 pounds per square inch, equal to

a head of water of 230 feet, the water would
rush out of any opening with a velocity

(were there no friction, atmospheric resist-

ance, or loss of head) of about 121 feet

per second. But were an opposing jet to

move with agreater velocity, it would drive

back the escaping steam and force its own
way into the boiler. This is what happens in

the injector, and for a simple reason. A jet

of steam moving with a velocity of perhaps

1700 feet per second is instantly condensed
in perhaps twelve times its own weight of

water. The combined jet will then move
with one-thirteenth its former velocity, or

about 131 feet per second, the motion of the

steam being wholly imparted to the water.

Thus the jet, properly directed, enters the

boiler. In Morton's condenser, the escap-

ing exhaust steam, properly directed, is con-

densed in, and its own motion imparted to,

a jet of water previously set in motion by a

small steam jet, and the experiments appear
to show conclusively that the lateral action

of the jet is sufficient to draw with it all the
air that collects down to a vacuum of twelve
pounds or thirteen pounds.

Mr. Morton's explanation of the action is

that a jet of water in rushing into the
vacuum has nearly sufficient power to take

itself out, and the impulse of the exhaust
steam from the cylinders makes up the

energy that the jet looses in friction.

Description of Apparatus.— The
principal parts of the condensing apparatus
on which the experiments were made may
be summarily described as follows : The
cold water passes from the tank to a conoidal

nozzle ; the- area of the orifice of that nozzle
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is about equal to that of the injection sluice

of a common condenser suited for the same

engine; that is to say, about ^tr Part

of "the collective area of pistons. Envelop-

ing the cold water nozzles are a second and

a third nozzle of nearly similar figure ;
these

bring the exhaust steam from the two cylin-

ders respectively. The middle nozzle has

an orifice a little larger than that of the

innermost, or cold water nozzle ; the outer-

most nozzle ends in a throat or contracted

vein, a little larger still, beyond which is a

Gradually widening trumpet-shaped mouth-

piece, leading to a ppe which ends at the

hot well. The condensation of the steam

takes place in the interval between the orifice

of the cold water nozzle and the throat of

the outermost nozzle.

When this condenser was first constructed

there was no stop-cock for shutting off the

injection water, and in starting the condenser

it sometimes happened that the attendant

would shut off the main steam valve while

there was a vacuum in the cylinders, and

thus the water was liable to get into them.

The inventor has now—that is since Profes-

sor Ptankine's experiments were made upon

the condenser—added a regulating spindle

and cylinder, which cylinder contains a pis-

ton valve that opens with a spring imme-

diately that the perfection of the vacuum in

the condenser is interfered with. By means

of this central regulating spindle the injec-

tion water current may be most nicely ad-

justed, or it may even be cut off instantane-

ously, and the engines can thus be made to

work as high pressure engines at pleasure

;

indeed, its action is so certain and instan-

taneous that a cylinder full of air may be

completely expelled during one revolution

of the engine. When the engines are at

work, and the regulating valve in action,

the latter shuts off the central steam jet

;

and should any person open a grease cock,

or otherwise admit air into either of the

cylinders or the condenser, the loss in vacuum

is instantly communicated to the regulating

valve by the pipe. The action allows the

valve to open the steam jet, and thus to dis-

place the air.

While engaged in perfecting this new in-

vention, Mr. Morton experienced the great-

est amount of difficulty in connection with

the exact parabolic shape which the dis-

charge pipe should assume. This appendage

may be regarded as the most important part

of the apparatus, for without it the action of

the apparatus would be practically useless

for a condensing engine, as the steam on
leaving the cylinders would require to be
much above atmospheric pressure before any
water could possibly be discharged. By
gradually imparting to the discharge pipe

the trumpet-mouth form, shown in the en-

graving, it was found possible to produce a
vacuum of 13 lb. per square inch, with a

water pressure on the entering side of the

condenser of only two lb.; while to produce
a similar vacuum required a water pressure

of 50 lb. per square inch if a vena coniracta

nozzle were substituted for the trumpet-
mouth of the discharge pipe; or, in other

words, a water pressure of 50 lb. could be
redueed to two lb. by gradually widening
the mouthpiece to its present form, while

the vacuum remained the same, and this

without the use of any steam in the experi-

ments. Prof. Rankine regards Mr. Mor-
ton's application of the trumpet-shaped
mouthpiece to the steam engine as being

quite a new and original invention, and in-

deed, as probably the most important im-

provement in the steam engine since the

time of James Watt ; and Sir Win. Thomson
considers the production of a vacuum of 13

lb. by 'the use of this appliance as a most

wonderful result in a dynamical point of

view.

The Experiments.—Table of experi-

ments made on the 27th October, 1868, on

a pair of engines at the works of Messrs.

Neilson Brothers

:

Cylinders

:

Area of each allowing for pis- >
gQ e feeL

ton rods, about )
*

Stroke 1.5 foot.

Cold Water Nozzle

:

Diameter 13-16 =0.8125 in-.

( 0.638 sq. in.

I
=0.00443 sq. ft.

Water Tank

:

Area 8 ft. X U ft =28 square feet.

Mean depth of surface below ? ,^5 feet
level of nozzle 5

Waste Water Nozzle

:

Diameter of throat 15-16 in. . .=0.9375 in.

. , ., , 5 0.690 sq. in.
Area of throat

£ =0.00479 sq. ft.

Area

Diameter of mouth-piece

Area of mc

3.0 in.

:, . < 7-07 sq. in.
outh-piece < _ft A mi* <=0.0491 sq. ft.

=716.4 lb.

Cold Water Supply :

Mean rate of flow in cubic ft.

per min.,28 ft.X0.41=11.48
Do. per second, 0.1913 = 11.94 lb.

Velocity of cold water through }
. ,, , 0.1913 V = 43.2

nozzle, ft. per second,^-^
^ lb _ per sq _ im
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Head due to that velocity. . 29 ft.= 12.57

Add mean height to which > 5.25 = 2.275
water is lifted 5

Total head 34.25 =14.845

Temperature 47° Fahren.

Mean work per minute done in
"]

raising and propelling water ( =24537 ft. lb.

jet, exclusive of friction, [=0.744 l. n. p.

716.4X34.25 J

Barometer : 30.05 in. mercury=14.75 lb. on the

square inch.

Sets of Experiments.

Nos. of diagrams

Revolutions per minute

Steam gauge above atmosphere. Pounds on

the square inch

Do. do. absolute

Vacuum gauges below atmosphere* Pounds

on the square inch

Do. do. absolute

Mean back pressure

Absolute pressure of release

Initial absolute pressure

Mean effective pressure

Mean absolute pressure

Temperature of waste water, Fahrenheit . .

.

Elevation of temperature above cold water.

.

Heat carried off by water. British units per

minute
Velocity of pistons, feet per minute

Load of one piston, lbs

Indicated work, one cylinder, ft. lb. per minute,

« « two "

Indicated H. P
Indicated work per minute reduced to equiva

lent quantity of heat

Total expenditure of heat, British units per

minute
Efficiency of engines ;"•""•'

Volume of steam exhausted, as shown by mdi

cator, in cubic feet per minute

Volume of one pound in cubic feet

"Weight of steam shown by indicator in pounds

per minute • • • • • • • •

Temperature of steam at end of stroke, Fahr.

Total heat per pound of that steam from tern

perature of waste water

Heat of condensation of steam indicated

Heat carried off by waste water (as before) .

.

Actual expenditure of steam in lbs. per minute,

as calculated from heat of waste water

Proportion in which steam actually condensed

exceeds indicated steam

Work in foot pounds per minute saved by dis-

pensing with the air pump, estimated as equi-

valent to 0.6 lb. pressure per square inch of,

steam piston

Do. indicated H. P

Right Hand
Cylinder.

130
34

48.75

12.03
11.54
2.72
3.21
4.25
10.75
42.75
15.25
19.50
86.5°
39.5°

28298
390
1220

475800
951600

28

1233

29531
0.042

433
35

12.4
197°

1087
13479
28298

26.0

2.10

37440
1.13

B.

2.3
4.5
93

from 32

to 38
from 46.75

to 52.75

12.4
12.1
2.35
2.65
3.12
10.80
38.25
14.83
17.95
80.5°
33.5°

23999
279

1186.4
331006
662012

20

858

24857
0.035

310
35

8.9
197°

1093
9728

23999

22.0

2.47

26784
0.81

Left Hand Cylinder.

c. D.

6 7.8

abt. 140 107
35

49.75

12.3
11.8
2.45
2.95

4.50 4.38
8.75 12.00

32.75 42.75
9.85 16.78
14.35 21.16

88.0°
41.0°

29372
420 321

788 1342.4
330960 430910
661920 861820

20 26

858 1116

30488
0.037

467 357
43 32

10.9 11.2
187° 202°

1086
12163
29372

27.0

2.41

40320 30816
1.22 0.93

E.

108
from 40

to 30
from 54.75

to 44.75

4.00
10.50
42.75
15.90
19.90
91.0°
44.0°

31522
324

1272
412128
824256

25

1068

32590
0.033

360
36

10.0
196°

1082
10820
31522

29.1

2.91

31104
0.94

* First result is for left hand, and second result for right hand engine.
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Abstract of Principal Mean Results.

Mean power saved by dispensing with air

pump, indicated horse power
t
l .

Mean indicated horse power of engines 23.8

Mean back pressure in cylinders, lb. on sq. in. 4.05

Mean vacuum in cylinders, lb. on the sq. in. . . 10.7

Mean vacuum shown by gauges, lb. on sq. in. 12.0

Mean vacuum shown by gauges in inches of

mercury 24.5

About two-thirds of the indicated power were
due to the vacuum in the cylinders. deg. F.

Temperature of the cold water 47

Mean temperature of waste water 83^
Mean increase of temperature 36^

The completeness and efficiency of

the condensation were tested by vacuum
gauges, and by indicator diagrams. By
both means of testing, the left-hand cylin-

der, which exhausted into the middle noz-

zle, showed a rather better vacuum than the

right-hand cylinder, which exhausted into

the outermost nozzle. The average results

of the whole of the experiments were as fol-

lows:

Mean vacuum shown by gauges, in inches of

mercury 24.

5

Mean vacuum shown by gauges, in lb. on the
square inch 12.0

Mean vacuum in cylinders, during return
stroke, as shown by the indicator diagrams;
lb. on the square inch. 10.7

Which, being subtracted from the atmospheric
pressure at the time 13.75

Leaves, as the mean back-pressure in the cy-
linders during the return stroke, in lb. on
the square inch 4.05

The back pressure in different experi-

ments ranged between 3 lb. and 4| lb. on

the square inch. These results are at least

as good as the average results as to vacuum
and back pressure obtained by means of the

common condenser ; and they show the con-

densation of the steam and expulsion of the

water, air and vapor, to be at least as com-
plete and efficient.

It is estimated that the saving of

power through the dispensing with an air

pump is equivalent to the doing away with
a resistance of 0.6 lb. per square inch area

of steam pistons, and it is found to be, on an
average of the several experiments, just

one horse power, being about 4 per cent of
the mean indicated power of the engines.

The energy of the jet of cold water is about

| horse power. This forms the greater pari

of the energy which is wasted in the common
condenser, rendering an air pump necessary.

The temperature of the cold water em-
ployed was 47° Fahr., and the tempera-
ture of the discharge water was 83|Q

In common condensing engines the temper-

ature of the discharge water would generally

be about 120 Q with a similar vacuum, a

fact which indicates that the new condenser

consumer a larger amount of water than is

consumed by the ordinary condensing jet.

This is admitted, but it must be remember-
ed that the latter gives a much hotter dis-

charge water than the former. There is

this fact, also, that the vacuum has recently

been improved 1 lb. per square inch by
making comparatively trifling alterations in

the apparatus. The condensing water has

been experimentally reduced 2-^- times since

the experiment described, with a propor-

tional increase in the temperature of the

discharge water and a loss in vacuum of 1.5

lb. The quantity of water now used is

stated to be the same as with the ordinary

condenser.

As to the height to which the discharge

water could be lifted, Mr. Morton states

that if the steam leaves the cylinder at about

the atmospheric pressure, the water could

be forced about 15 ft. high ; a pressure of 5

lb. would force it 20 ft. high.

The abstraction of the air is perhaps the

only thing that is really puzzling in he

matter, unless it be that the very rapidity

with which the steam concentrates upon and
within the passing jet of water carries the

air wholly against or even into the jet also.

But there is one thing in the record of

experiments which requires some explana-

tion. The units of heat imparted to the in-

jection water were from 2.1 to 2.9 times

those contained in the heat of condensation

of the steam shown by the indicator. Not
only this, but the steam represented by the

increase of temperature imparted to the in-

jection water amounted to more than 60 lb.

per indicated horse power per hour. The
different indicated horse powers recorded,

the pounds of steam condensed per minute,

and the pounds of water consequently used,

as steam, per horse power per hour, were as

follows, the last column being calculated in

"Engineering" from the two first: ^
I. H. P. Steam used per Water per

Minute. I. H. P. per Hour,
lb. lb.

28 26.0 55.7

20 22.0 60.0

26 27.0 62.3

25 26.1 09.8

The quantity of steam used, representing

from 7 lb. to 8 lb. of coal per indicated

horse power per hour, appears excessive

when the good rate of expansion, good

vacuum, and good rate of piston speed are
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considered. It might be suspected that,

notwithstanding the assertion that no steam
was used direct from the boiler to keep the

jet in motion, the little regulating valve

shown in our illustration was open, and thus

it might prove that as much live steam was
used to work the condenser as to work the

engines themselves. This, however, is not

said as in any way conclusive, but as a mat-
ter requiring explanation.

Cost, Economy and Advantages.—
As to cost of construction, Mr. Morton sta-

ted that his condenser would not cost more
than one-fourth as much as the ordinary
condenser and air pump.
The conclusions from the experiments are :

First, that the action of the ejector-conden-

ser is at least as efficient as that of the com-
mon condenser, with its air pump; and,

secondly, that by the use of the ejector-con-

denser the power required tj drive the air

pump is saved. The construction is very
simple, it has no moving parts which can
get out of gear. It can work at any speed
of engine, while a high speed of air pump is

attended with difficulty ; and it overcomes
the objection which often arises from placing
the air pump horizontally. When the
engines are stopped, the vacuum may be
maintained for any period of time, by simply
opening the central starting steam jet, so as

to overcome the friction of the water through
the nozzles. The advantage of having a

continuous vacuum in maneuvering marine
engines in port is of great importance to the
marine engineer, especially so in war vessels.

In order to maneuver them with facility, in

action, this result has been sought in naval
vessels by means of independent air pumps.
Mr. Morton said that with a small head of
water, steam could be wrought down to the
finest pressures. H ehad had that engine
working at 28in. or 29in. vacuum by adding a
head of water of a few feet to that condenser.

Professor Rankine believes that when the

apparatus gets fair play, it will give as good
results as the surface condenser ; at present
the results are as good as those with the
common injector condenser. While the

ejector-condenser is applicable to all kinds
of land engines, it seems to be even more
especially valuable as an appliance on board
river passenger steamers, in which reduction
of weight to the lowest possible amount is

of the very utmost importance. There is

also this advantage in applying Morton's
condenser to marine engines, that it may be
placed at any height ia the vessel, and not

necessarily at the lowest levei, as is the

usual practice with the ordinary form of con-

denser. It has been suggested that the
apparatus might be of still further service in

steam vessels by ejecting the water in a

direction opposite to that in which the vessel

is sailing, and thus assist in its propulsion

—

acting as a sort of Ruthven's propeller.

The new condenser cannot, of course, give

distilled water for the boilers, as is done by
surface condensers. Mr. Morton has, it is

true, proposed to cool his injection water,

originally fresh, by circulating it through a

refrigerator, but with water in the hot well,

at a temperature of only £0°, or even 110 p
,

or, still more, 120°, it would require a
refrigerator many times larger and more
costly than a surface condenser to cool it

again, by means of sea water at from 50°

to 70 w , to say nothing of the pumps re-

quired for circulating the cooling water.*

That the ejector-condeuser is really a very
effectual condenser at a low first cost may be
inferred from the fact that the Scotch engi-

neers have, in numerous instances, shown an
anxious desire, and even a determination to

make practical use of the appliance. It has

already for some time been in operation at

the Lugar Ironworks, in connection with an
engine that was made some twenty years

ago. Messrs. Robert Napier and Sons,

marine engineers and shipbuilders, Glasgow,
have lately ordered a pair of engines, with
Morton's condensers applied, to be erected

at their works at Govan. We understand
that Messrs. William Simons and Co., ship-

builders and engineers, Renfrew, are busily

engaged in making a pair of twin screw

engines on Morton's principle of condensa-
tion ; and other marine engineering firms on
the Clyde are framing their contracts in

accordance with their intention to apply the

ejector-condenser. Some experiments re-

cently made by Mr. James R. Napier, F.R.
S., with the injection water heated to a

temperature of 80° Fahr., show that even
in warm climates the new condenser will not

vary much in vacuum, and that practically

it will give a vacuum very nearly equal to

that which is due to the temperature. The
experiments referred to were so satisfactory

that Mr. Napier has resolved, we understand,

to apply the Morton condenser to the engines

on the Grodavery river steamers, built by
Messrs. Randolph, Elder and Co., for the

Indian Grovernment.

* Lighthall's refrigerator requires no circulating
pump.

—

Ed. Van Nostrand'x Magazine.
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EXAMINATION OF CIVIL ENGINEERS.
Compiled from the " Building News."

A resume of the questions submitted to

candidates for engineer appointments in

India, cannot fail to be important to young
engineers, and is of interest to general

readers. The questions in the first division

referred to cements, concrete, mortar, &c.

The candidates were required to describe

Portland cement, its characteristics, the raw

materials from which it is made, and the pro-

portions used. Also the methods of manu-
facture and the machine, and mode of test-

ing adopted by the engineers of the Metro-

politan Board of Works. The proportions

of sand to use for mortar had to be stated,

and the best qualities of sand for cement

mortar named ; dimensions and weight of

the largest concrete blocks that have been

used in harbor works, and a description of

the means employed for placing them in situ,

and where so employed.

The examiner strongly recommends a care-

ful study of Mr. Henry Reid's book, lately

published on this subject.* In his remarks

on the writing of candidates he advises the

cultivation by engineers of a clear, concise,

and vigorous style of expression, and he

directs their attention to the masterly reports

and writings of Smeaton, now unfortunately

out of print,but extracts from which, together

with those of Watt, Telford, the elder Rennie,

Stephenson, Brunei, Locke, and others, he

hoped to see shortly published. Such a

work, he thinks, would be to the engineer

what the Despatches of Wellington are to

the military man.
The questions of the second division relate

to building materials—brick, stone, timber,

&c. Statements were required of the can-

didates' opinions as to the selection of clay

suitable for bricks, its preparation for the

moulders, methods of moulding, and arrange-

ments for burning, the latter to be accom-
panied by a free-hand sketch. Candidates
were required to describe the different sizes

and kinds of bricks, to illustrate the various

bonds employed, and to explain how a bond
is sometimes defective in a two-brick wall.

A description had to be supplied of the vari-

ous kinds of stone and timber, and the prin-

cipal processes employed to preserve the

latter from decay and iron from corrosion.

The principles of the artesian well, Norton's

,* And largely compiled without credit from Gen.
Gillmore's work on limes and cements.—Ed. V. N.'s
Magazine.

tube pump, and Mather and Piatt's appara-

tus for well-boring and coal sinking, were
required, with particulars of existing wells

sunk on the artesian principle. Concrete,

now coining more largely into use for build-

ing operations, the importance of fuller ac-

quaintance with that material and its capa-

bilities, is insisted on.

The construction of bridges, especially

suspension bridges, forms an important part

of the examination. Candidates were to

describe the difference between the ordinary

suspension bridge and a bridge (of which
illustrations were furnished) stiffened by
suspension rods from the towers to various

points in the floor. They had also to state

approximately the area of iron required in

one of the chains of a suspension bridge hav-

ing two or more spans of ordinary construc-

tion, both at the points of support, viz.: top

of tower and at the centre of span ; the span
being 500 feet, and the versed sine of the

curve formed by the chains being 40 feet

;

the weight of one chain, together with its

load, being half a ton per lineal foot, and
the strain upon the iron not exceeding five

tons per square inch of section. A descrip-

tion of the construction of the Menai, Lam-
beth, Clifton and Niagara Falls suspension

bridges was required, and the spans of the

largest bridges hitherto constructed, with the

means adopted to obtain a rigid roadway.

Free-hand sketches had to be made to

accompany descriptions of Mitchell's screws

for cast iron bearing piles for piers of bridges,

foundation supports for lighthouses, jetties,

&c.

The great importance of the study of

architecture is strongly insisted upon. The
drawing which accompanies the questions is

an original design of a range of public ofSces

with a large dome rising in the centre, and
flanked by two smaller ones of similar ex-

ternal construction. Candidates were ex-

pected to furnish a description of the methods
of its erection, to name the style, and to dis-

tinguish the different parts. Most of the

questions on architecture are of a very ele-

mentary character.

The concluding list of questions bears on
iron and its applications. The principal

things required of the candidate were, state-

ments of the limits in scantling embraced in

the trade quotations for " bar iron "—say,

in the cases of "flat," "round," and

"square" iron; the difference in price of

bar iron and angle iron ; the limit in dimen-

sions of angle iron comprehended in the said
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difference in value, and the usual scale of

additional charges for angle iron exceeding

the limited dimensions; the price per tou of

boiler iron, as exceeding that of bar iron,

and the extra charges known in the trade as

"best" and "best best;" also, the mean-
ings of the terms "singles " and " doubles;"

the comparative costs of steel and iron, with

their respective advantages. The conclud-

ing question requires by way of answer a

description of the process of manufacture of

corrugated galvanized iron.

The list of books recommended by the

examiner is as follows : " The Roorkee Trea-

tise on Civil Engineering," edited by Major
J. C. Medley, R. E. ; "The Elements of

Practical Hydraulics," by S. Downing, LL.
D. ;

" Practical Treatise on the Manufac-
ture of Portland Cement," by Henry Reid,

C. E. ;
" Irrigation in Southern Europe,"

by Lieut. C. C. Scott Moncrieff, R. E. ;

"Italian Irrigation." by Colonel R. Baird

Smith, R. E.; "On Public Works in India,"

by Sir Arthur Cotton, R. E.; " Account of

the Ganges Canal," by Colonel Sir Proby
Cautley, C. B. ; "Ferguson's Works on

Architecture."

GAS AS A CALORIFIC AGENT.
" Gas-Light Journal."

While the use of coal-gas for illuminating

purposes has extended rapidly, in this coun-

try at least, its adoption as a calorific agent

has been so slow as to disappoint the hopes

of its early advocates. The advantages
claimed for gas in this respect are cleanliness

and freedom from trouble, it being unneces-

sary to carry coal or other fuel to feed the

fire, or to remove ashes, etc. The rapidity

with which heat may be generated and the

ability to instantaneously extinguish the fire

are great recommendations—particularly in

summer when it is desirable to perform the

duties of the cuisine with as little elevation

of temperature as possible.

In England, and particularly in London,
gas is largely used for cooking, and it is said

to perform its office most acceptably. For
families living in apartments, where the

trouble and expense of carrying coal or other

fuel would be great, gas has proved a great

desideratum. By means of approved burners,

and admixture with the proper portion of

atmospheric air at the time of consumption,
a large amount of heat is generated, and
where sufficient ventilation may be had,
the products of combustion are readily con-

away, causing no inconvenience or

injurious results. Possessing these advam-
tages, it may appear strange that it is not
more generally adopted ; doubtless it would
be, but for the high price of gas in this coun-

try; the ordinary methods for generating

heat have the preference because of their

economy. The probability is that if the

price of gas were reduced, so as to make it

practicable to employ it for heating, the de-

mand for it would increase in a large ratio,

and the concession might be more than
atoned for in the enlarged sales which would
undoubtedly follow.

That the calorific properties of gas are

equal to other agents used for heating, is

proved by the fact that in analytical chemical

laboratories, charcoal and other fires have
been, to a considerable extent, replaced by
gas, and the operations of boiling, evapora-

tion, fusion, ultimate organic analysis, and
even cupellation, are now performed by
easily regulated gas furnaces, their use con-

ducing far more to the personal comfort of

the operator, than the troublesome and cum-
bersome stoves formerly employed. The
inventions of gas furnaces, such as are con-

structed by Griffm and others in England,
and Krause and Haskins in this country,

have displayed much ingenuity, and, by their

use, the laboratory of the chemist presents

a much cleaner appearance than formerly

—

no dangerous sparks or cinders being formed,

nor ashes being blown about the room, to

the detriment of other substances in the

vicinity.

From the success attending the use of

gas stoves in the laboratory, it is safe to

assert that many of the operations of the

household could be performed in the same
manner.
The introduction of the improved process

of manufacturing gas by the Gwynne-Harris
plan of decomposing high steam to produce

hydrogen as a heating agent, and for a mo-

tive power in lieu of steam power, is com-

mencing a new epoch in the history of poli-

tical and domestic economy. The same pro-

cess applied to the ordinary coal gas manu-
facture lessens the first cost of production

so greatly that it will soon be a matter of

consideration with gas companies whether

the selling price may not be lessened, with

a view to its introduction into these new
industries ; thus opening a much more exten-

sive demand, which, in the aggregate, will

largely increase the dividends of gas com-

panies, and add a new element to the pro-

gress of the age.
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BRIDGE CONSTRUCTION

Mr. S. S. Post, of New York, has de-

signed an iron bridge for the Mississippi, at

St. Louis, having 350 feet clear spans. This

work was fully illustrated in "Engineer-
ing," July 24. The August 7th number of

that journal gives the greater portion of the

report of the " Committee on Superstructure

and Approaches," at the Convention of En-
gineers, assembled at St. Louis, August,
1867. To this report figured diagrams for

girders 368, 264 and 160 feet long were
attached, solely to show the relative maxima
of the strains to which the several parts of

the girders are subject sometime during the

passage of a given, irregularly distributed,

moving load. To make the comparison a

fair one, the girders were as nearly similar

in their arrangement, and as uniformly
divisible into panels as practicable. Assum-
ing their bearing points to be two feet from
the ends, the actual spans were 364, 260 and
156 feet, each of which is a multiple of

thirteen feet. The figured diagrams hap-

pened to be arranged in consonance with Mr.
Post's notions of economy in the use of ma-
terials, as exhibited in the design above
mentioned. The bays or panels of the hori-

zontal members of the girders were thirteen

feet long, except that the chords had a half

bay of six and a half feet at each end. The
end posts were vertical, but the intermediate

ones—the strut braces—were inclined half
a bay. The heights of the respective gird-

ers were three and a half, two and a half,

and one and a half bays, making the incli-

nation of their struts one-seventh, one-fifth,

and one-third of the height. The tie braces,

except the end ones, were inclined 45°, and
counter ties were introduced in each panel
to the ends of the girder.

To this arrangement a writer in " En-
gineering " makes two principal objections
1st. He thinks the counter braces are un-
necessary, except " for a short length of the
girder at its center"; and, 2d, on account
of the particular inclination of the braces.
On this latter point he says :

" Another
feature in the design challenges criticism.

The diagonal ties are placed at an angle of
45°, and the struts at an inclination of one
horizontal to seven vertical. Now, as we
have already said, the useful work done by
a strut or tie is the transference of the load
towards the piers. It follows, from this,

that a vertical strut is theoretically of no
value at all ; it is merely so much additional

Vol. I.—No. 3.—17.

load on the girder. The load is just as far

off its ultimate destination—the pier

—

when it is transmitted by the vertical strut

to the bottom of the girder, as it was when
at the top. An infinite number of vertical

struts and ties, and, consequently, an infi-

nite weight of metal so dispose I, would not

transmit the load to the piers. With the

struts arranged as in the St. Louis bridge,

the load is nearer the pier when transmitted

through the strut, to the extent of one-

seventh of the depth of truss, and with the

ties at an angle of 45°, it is transferred by
them a further distance equal to the depth.

The question is, whether this total amount
of one and one-sevenrh the depth, the dis-.

tance which the load is passed on by each

triangulation towards its ultimate destina-

tion, is as large as it should be. This prob-

lem is easily solved. From what has been
already advanced, it will be seen that the

most economical inclination of tie and strut

will be that in which the cost of these mem-
bers in one triangulation, divided by the

horizontal length of same, is the minimum.
The proper inclination of the tie and strut

will be mutually dependent ; with a differ-

ent construction of strut the angle of the

tie would also differ. If struts and ties

were the same cost per foot to sustain the

same, strain, the proper angle would be 45°

for both. As the strut is, however, always

more costly than the tie, it follows that the

economic angle for the tie will be more
acute, and for the strut more obtuse than

that angle. To determine the most economic

angle for the truss we are criticising, we
must approximate to the comparative costs

of the wrought iron ties and cast iron struts.

Assuming the average strain on the latter as

one-'ourth the amount on the ties per unit

of area, and taking the cost per ton of cast

iron as one-half that of wrought, we obtain

the proportional cost of the strut, for each

ton per square inch strain x oue f°ot l° ng»

as double that of a tie under the same con-

ditions. This is a very liberal allowance

for the strut; in fact, on De Bergue's sys-

tem they might be constructed in wrought

iron for a considerably less amount."

"Now, if x = the horizontal distance be-

tween the two ends of the tie, and y == the

same distance in the strut, the useful work

done by each triangulation will be the

transference of the load the distance x

-\- y. Again, the cost of the tie will be

proportional to its weight, that is, to the-

strain upon it multiplied by its length. But
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the strain also is proportional to the length;

hence the cost will be proportional to the

square of the length, or in terms of the

depth to 1 + x2
. Tn the same manner the

eost of the strut will be proportional to 2 +
l
ly". The true measure of the economic

value—the cost per foot—will, consequent-
3-4- r2

4- 2?/
2

Iv, be proportional to —^ ——£-. It is
J l *+y
only necessary, therefore, to determine the

values of x and y when the preceding ex-

pression is the minimum. It will be found

that x~— s/ 2, and y = \/ \ ; hence, the in-

clination of the tie, instead of being 1 to 1,

as designed, should have been 1.4 to 1, and

of the strut 0.7 to 1, instead of \ to 1.

With the most economic inclination the cost

of the web would be proportional to 2.86.

With those adopted we obtain by substitut-

ing x = 1, and y — \ in the preceding

equation, the cost of web proportional to

3.52, exhibiting an excess of some 23 per

cent. With vertical struts the cost would

be proportional to 4; hence the inclination

of the struts, small though it is, effects a

saving of 12 per cent. With the struts and
ties all at angles of 45°, the cost would be

proportional to 3, and the same result would

be attained by arranging the ties at an in-

clination of 1-^ to 1, and the struts at | to

1, so that considerable latitude is allowed

for practical contingencies."

We give, below, the reply* of Mr. Post

to the objections raised, and, we think, con-

sidering the ability of the parties to the

discussion, that it will form an interesting as

well as a useful chapter in bridge construc-

tion. Mr. Post believes the criticism to be in

some respects just, but in other respects he

regards the subject under a very different

aspect from that assumed by the English

writer. He says

:

The doctrine that the transference of the

weight of the structure and its variable load

to the abutments can be accomplished only

by means of inclined members, is fully ad-

mitted and needs no argument. It is also

admitted that both the struts and the ties,

connecting the upper and lower flanges,

should be inclined. The Reviewer and my-
self differ somewhat as to the angle of in-

clination that ought to be given to the ties

and to the struts. He will, undoubtedly,
concede that acting alone, or in pairs, inde-

pendent of any strut, the tie-brace will pro-

'Engineering," Jan. 8, 1868.

duce the greatest useful result when its in-

clination is 1 to 1, or 45° with a vertical.

Economy in the use of material in a brace
requires that the quantity or volume should
be the least in proportion to the distance

spanned ; that is, the greatest economy is

when the volume divided by the horizontal

reach gives the least quotient ; or is a mini-
mum. So long as the tie or strut remains
vertical the quotient is infinitely great. It

is then only an auxiliary, not a direct agent
in the transference of the weight toward the
abutment.

The strength of the tie depends upon its

section, without regard to the length, neg-
lecting its own weight. The section of the

tie is always as the weight or stress in the

direction of its length. The volume of the

tie, when vertical, is proportionate to the
product of the length into the weight sus-

pended. When the tie becomes inclined,

its length increases as the secant of the an-

gle of inclination, and the stress also in-

creases as this secant. When the maximum
useful inclination is reached, this secant be-

comes \/
2
and the volume of the tie I -\/

2 +W\f^=z± I W. That is, in passing from the

vertical state to an inclination of 45°, the tie

doubles its volume.

In the case of a strut, its volume conforms
to a very different law in regard to its length

and sectional area. Hodgkinson's formula
for the strength of a cast iron cylindrical

pillar, with rounded ends, and not less than

15 diameters in length, is

W=33379x^
r

6

(1)

in which PTrr the breaking weight in pounds,

d •=. the diameter in inches, and I = the

length in feet.

Let V = the volume in cubic inches of a

pillar, the section of which is a circle ; then

F=4-<fXl2Z—Znld? (2)
4

From equation (1),

Wl
33379
l

yd= (
Wl

\ 33379

i

3.76 d*

wr- 7
\

1

(3)(Wl^_\
\ 33376/

Substituting this value ofd2
in equation (2).

1.83 X
V 33376/ \33376J

Wsi X ?m- (4)
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V=0M699$xW ŝxfm' (5)

From this it appears that the volume of a

east iron strut increases as the 0.35-j- power

of the weight imposed, and the 1.9—f- power

of the length.

Now, assuming the vertical height or alti-

tude to remain constant, when the strut be-

comes inclined, its length increases and its

stress also increases, both as the secant of

the angle of inclination and its volume is

greatly increased.

Putting V
1
for the new volume, m for the

exponent y.^-, n for f:-f§ ; A— the coeffi-

cient 0.036998, W= the weight, and 1= the

altitude, as before, and make x — the tan-

gent of the angle of inclination, then Ix =
the base or horizontal run of the strut, and

^_j_2V)f wiU be the length of the strut.

w(-~+~F
X*

)'* will be the stress on the

(6)

I

strut. Then

V1=Ax(
I )>{

Is/P+Px-

V==AX W>" X tnX
{
^ P

f
rx

y
i

X

V1==AxWmX^X\^ J )

v=AxW^xin x [

V":
]^r

From this subtracting equation (5)
m-\-n

1 lm-\-n

r
(7)

(8)

(9)

(10)

is the increased volume of the strut in con-

sequence of its inclination.

But by the condition of the question V
gives a minimum when divided by the base

(Ix), that is

m-\-n

L=AxW'-XlnX
{I^ l^^=

Ix lxxim+n

a minimum.

V
1_AxW^xln

x
(P+Px*)^

Ix frm+n+i)
~~

x

Suppressing the constant value , ,

—
,

.

*—

'

/I »*!_]_») _L_1 \l(m-\-n+l)

and differentiating the variable function

_ . m-\-n m-\-n
(P + ZV)-F

dP+W) a _
x x

when the value is a minimum. Consequently

x> x (m+n) (P+Pz^-P-1= (l
2+ PtfflT

(m-\-n)
(P+ Px*)

m-\-n

IP 4- Px") *±u.
2

=z2xzv

and x

(m-\-?i—P)xi
--

l

--P(m-\-n) .x
2— Px*=:P

P
x = -;

V m -\- n-l )

Putting I = unity.

Restoring the numerical value of m and n
and reducing them to the decimal form

\m-\-n- 1 )

1

1
= 0.8344437,

"~\A).5319149+1.9042552-

which is the tangent of 39° 50|' very nearly,

and not 45° as in the case of the tie, and as

the Reviewer asserts should be the angle of

the strut also, if the cost for both were the

same. The correct inclination of the tie

when used without reference to a connecting

strut is 45°, and the correct inclination of

the strut, without regard to a connecting tie

is 39° 50|'. But it unfortunately happens
that the base of one is not a multiple of the

base of the other. It is practically of great

importance that all the bays of the top and
bottom flanges should be of the same length.

Floor beams and other laterals, of one pat-

tern, can then be used for all the triangula-

tions. Various other reasons can be given

why the truss in this respect should be sym-
metrical, but they are sufficiently obvious.

The cost of a strut, if made solid, will be
much greater than if made hollow, but the

theoretical angle of inclination will be the

same in both cases.

Brevet Col. Win. E. Merrill, U. S. Engi-
neers, has obtained a very ingenious formula
for the weight of a hollow cast iron cylindri-

cal pillar of maximum strength for its vol-

ume. This formula is deduced from Hodg-
kinson's experiments. It appears to me to be
very accurate, and although unpublished, I

will take the liberty to use it here. It is

P=0.004599558x^0,5319I49X^- 9042553

in which P= the weight of the pillar in

pounds ; W= the breaking weight in pounds
and Z= the length in feet.

Suppose the height of the truss to be 45^
feet from center to center of the flanges (as

in the case of the long span for St. Louis),

and the panel weight 180,000 pounds. Sup-
pose the tensile strength of a wrought iron

tie is 60,000 pounds per square inch of its
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sectional area. A vertical tie that will just

break under this load, will have a section of

three square inches, and weigh 45iV-}-8—(—3.-

88=460 pounds, very nearly. And a tie in-

clined 45° will have a section of six square

inches and weigh 920 pounds. In both these

cases the necessary enlargement at the ends

for eyes or for thread and nuts is not in-

cluded. The ends of the struts will also

require enlargement for similar purposes,

and as this enlargement will be nearly pro-

portional to the whole weight in both ties and

braces, they may here be totally neglected.

The weight of a vertical strut 452 ^- l°ngi
loaded with 180,000 pounds, will be

P=0.004599558 x (180000)° • 5319149 x
(45.5) 1 - 9042553=4124 pounds.

If the strut be inclined to its best theo-

retical angle of 39° 50 2
' its length will be

increased 59.26 feet, and the stress to 234,-

444 pounds. Its weight will be

P=0.004599558 x (234444)° • 5 3 ' 9 » * 9 x
(59.26) 1 - 9o42553=7698 pounds.

By making the inclination of the strut J,

the length will be 47.9G feet, the stress 189,-

737 pounds, and the weight of the strut

P=0.004599558x(189737)°- 5319l49 x
(47.96) i -9 042 5 5 3^4(376 p0Unds.

Assuming the cost of wrought iron to be
double that of the same weight of cast iron,

the cost of the wrought iron tie, under an
inclination of 45°, may be represented by

920x2= 1840. The cost of the vertical

strut will then be represented by 4124. The
combined cost of the tie and strut will be
1840-4-41245= 964. Calling the horizontal

run of the tie = the height of the truss =
unity, then the economy in this case is repre-

sented by 5964. Taking the tie at an angle

of 45°, and the strut at an angle of 39° 50 2
',

the economy of their combined use is

1840+7698
1.834437

= 5145.

In this case, where both the tie and strut

have their theoretic angles, there is a saving

of only 16 per cent, over having the strut

vertical, and a saving only \ greater than is

admitted by the Reviewer when the inclina-

tion is J-. When the inclination of the strut

is
-J,

and the tie \, the economy of their

combined use is represented by

showing a saving of nearly 24 per cent, in

the cost.

The pamphlet containing the description

of the truss under review, also contains the

description of other trusses proposed, in some
of which the inclination of the strut brace

is £, in some others it is -£, and in others it

is ^ the height of the truss. Nowhere is it

pretended that either of these inclinations

is theoretically correct, but each one, under
the circumstances attending its use, is prac-

tically the best that could be given it. When
a tie can be used at an angle of 45°, I do not

quite comprehend the philosophy of abandon-
ing what is absolutely its best position be-

cause a contiguous strut cannot assume its

best position also.

From the vertical to an inclination of 39°

502', the cost ranges from 2\ to 4^ times the

cost of the tie inclined 45°
; of course the

3+x2+2^expression
x+y

does not apply to

the case, and all deductions therefrom fall.

The relative cost of struts inclined at

various angles, coupled with a tie at 45°,

will be considerably modified by the differ-

ence that may be made between the ultimate

strength and a safe working strength. If 6

be introduced as the factor of safety, the

cost of the wrought-iron will be increased to

six times, while that of the cast-iron will be

increased to only 6° ,53+=2.5937 times.

The relative cost will then be for tie 45°,

and

Strut vertical,

1860x64-4124x2.5937^11040+10596=21636j

Strut inclined 39° 502',

11040+17966
1.83444

1840+4676=4812
>

l»

Strut inclined A.

11040+12128
U

15766.

12376.

That an American engineer should act

upon a theory different from that long held

on the other side of the Atlantic, as to the

value or usefulness of counter braces (so

called), seems to excite the most surprise in

the mind of the Reviewer. He asks, " Upon
what hypothesis are the computed strains on

the counter braces based?" In answering

this question reference is made to the follow-

ing; diagram

;
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The strains upon this girder resulting

from the permanent load, or from one-half

the weight of the bridge itself, are symme-
trical about the middle point D, Of course

the opposite halves are perfectly balanced,

whether the girder be composed of the finest

steel or of the coarsest lead. The weight of

the structure may be assumed indefinitely

small or indefinitely great. In either case

any accidental load will disturb the balance.

Let W represent a panel weight of this per-

manent load, whatever it may be ; then the

portion of the permanent load transferred to

the abutments (a a') by the inclined braces

will be, by

B d and B' 61 each W, and the strain will be

WX Sec. L
A c and A' c' each W, and the strain will be

Wx Sec. /_.

A b and A' b' each If IF, and the strain will

be lfTF-f- Sec. /_

Under such a condition there can be no
use for counter braces, represented by dotted

lines in the left hand half of the diagram.

Now, supposing the variable or moving
load, consisting of a very heavy engine,

occupying the length of two panels, followed

by its tender and a train of cars, be brought
upon the bridge from the left

—

Let e= a panel weight of the engine per

truss

;

Let t= a panel weight of the tender, and
Let c= a panel weight of cars.

On arrival of the engine at b' :
that point

receives a special load = § e, which is not

balanced by a corresponding load at b. A
new state of equilibrium in the truss in-

stantly occurs. Of this additional weight

tVX I e=T1
g e has been transferred to a, and

MXfe= T¥ e has been transferred to a'.

The result would have been exactly the same
if the train had entered from the right, only

that of the special weight now at b, T^ would
be transmitted to a', and f£ to a.

Through what channels is the transference

of the lesser weight made in the two cases ?

It seems to me that when the moving load

enters from the left, the tie C V will be used
for this purpose ; but the load coming from
the right, it is certain that where no tie C b

exists, it is of no use. How, then, when the
moving load comes from the right, is the
weight TF e transmitted from b to a' ? Is it

not first by tension on the strut B b ; second,

by compression on the slender tie B d ; third,

by tension on the strut D d, when having
reached the centre point D, which it would
also have reached by way of counter braces,
it then pursues its legitimate course to a'.

How, it may be asked, supposing the strut

B b to be removed so as to close this channel
of communication, is the T\ e to be trans-
mitted to a' ? If the corresponding strut

(B' b') at the other end were also removed,
there would obviously be a collapse. Per-
haps the horizontal force

\r\ e may contain in

a latent state the transmitted weight = T
*
F e= ¥

3
F e of vertical force, which is set free on

the first opportunity by reaching the next in-

clined member [ C c). However this may all

be, tl e must be transferred from b' to a',

and it is not easy to conceive in what way
the weight of the structure itself can influ-

ence this transference. Undoubtedly the
simplest means of transferring this T^e from
b' to a', would be by inserting a tie from b
to A', but the arrangement of the parts of
the girder forbids. The simplest practical

means left is to insert ties tending in the de-
sired direction.

To return to the effect of the moving load
entering the bridge from the left : when the
engine has reached b', | of a panel weight of
the engine will rest at that point, £i of
which will be supported by the tie A' b

1

, and
Jg- transmitted towards a. Now, if a tie

exists from b' to C tending in the direction

the weight is to be transferred, and if this

tie be more direct than any other inclined
member, the T\e will inevitably take such
route. All the ties parallel to C' b' will be
equally affected by the T

X

F e.

The partial load at b' — § e, is divided
into |^Xfe = f|e, which is sustained by
the tie A' b', and iVXi e = ¥

3
F e, sustained

by the tie V b'.

The horizontal force developed in the hori
zontal tie b' c' lXf£-;rV)Xfe=x8T
and in the tie C b' ¥

3
F e, assuming always

that the long ties have an inclination of 45°.

Then the strain on the tie (C b') at a cer-

tain moment is V^Xjf e. This is a positive

strain, and no weight or inertia of the struc-

ture can relieve it. The numerical results

of this strain can be given " to the smallest
fraction " when a numerical value for e is

assumed. It is the maximum strain. It

does not become negative because the per-
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manent weight of the bridge acts against it,

as assumed by certain writers.

The maxima of strains at any time affect-

ing the several ties while the train passes the

bridge will be

—

On B' a' nothing.

On O b< \Z2X{T^Xle).
OnDcV^Xd^+rVXle)-
On C d< */2x(TVH~gX &«+&*>•
On B d y/txiW+e+jfrt+Tfa).
On A c*/2X(W+&e+T%t+i%c).
On A b l^lOX{l'iW+xxe+T7_t+Uc) ,

Here it is found that the computation of

the maximum strain in the several ties is a

problem " capable of the most rigid solu-

tion," notwithstanding the strains on con-

tiguous braces vary so considerably in the

gross amount. When the material of these

braces and of all the other parts is properly

proportioned to meet the strains, the bridge

may be considered in its normal condition,

at least so far as the transmission of loads in

the early lifetime of the bridge is concerned.

We have been informed, on the authority

of such men as Eaton Hodgkinson, W. Cubit,

Geo. Rennie, Henry James, Robert Willis,

and Lord Wrottesley, that upon an iron

bridge of 48 feet span an engine and tender

weighing 39 tons, at a speed of 50 miles per

hour, in consequence of the bridge having a

static deflection of -^ inch, the speed in-

creased the deflection ^, or to what would be

due to a weight of about 45 tons. If, then,

a slight static deflection causes the moving
load, under a velocity that is not unusual,
" to exercise the same pressure as if it had

been increased by ^-, and placed at rest upon

the centre of the bridge," I do not see, with

the Reviewer, that " an inch more or less is

a matter of no moment at all in the deflec-

tion."

The maximum variable load carried by
the tie B 1

d' and by the strut B' b' is

Under this variable load more or less de-

flection occurs at b'. If, now, the tie B' a 1

be inserted and screwed up to the slightest

degree of initial tension, not so as to increase

the pressure on the strut, when the engine

passes off the bridge, the strut B' b' must
remain under the same pressure as before, in

consequence of its reaction on the tie B' a'.

Bringing the engine back to d', the tie B'

d' is again loaded, and the tie B' a' relieved.

No change in the deflection at b', nor differ-

ence in the pressure on the strut has occur-

red. On this principle the strains on the

counter braces for the bridge at St. Louis

were computed. If it were possible to con-
struct a bridge perfectly level and straight,

so that it would have no static deflection,

whether loaded or unloaded, its dynamic de-
flection, however great the speed, must be
very little.

In calculating the strains upon the St.

Louis bridge, the moving load was not con-
sidered as uniformly distributed, conse-
quently the maximum strains on the flanges

do not occur at the middle of the span.
Hence, 28x61635=1.725780 pounds, is not
the correct maximum strain on the top
flange. It cannot, therefore, be fairly infer-

red from such a calculation that some initial

strain is assumed on the counter braces when
the bridge is fully loaded, nor that the con-

dition is such as " involves the provision of
greater strength in the diagonal struts and
ties than is absolutely required for the use-

ful duty they have to pertOTm."

STEEP RAILWAY GRADIENTS.

At the present time, when attention is

being again directed to the unsatisfactary

working of the Mont Cenis engines with
their horizontal gripping wheels and atten-

dant complications, it is worthy of note that

during the construction of the Ottoman rail-

way, Mr. T. R. Crampton made regular use

of, and worked by an ordinary contractor's

engine, a tramway laid for a length of 800
yards to a gradient of one in eleven. This
tramway was altogether about a mile long,

and for 800 yards of this length it rose, as

we have said, at an inclination of one in

eleven, afterwards descending for about the

same distance with inclines of one in fifteen

and one in twenty. About 200 yards of the

gradient of one in eleven consisted of curves

of 400 feet radius. The tramway was em-
ployed for the conveyance of materials to be
used in the construction of the main lines,

and during six months about 10,000 tons

were carried over it. It was worked by an
ordinary contractor's locomotive, built by
Mr. Hughes, of Loughborough ; this engine
having cylinders eleven inches in diameter
by eighteen-inch stroke, and two pairs of

coupled wheels two feet six inches in diam-
eter, placed four feet six inches apart from
centre to centre. The weight of the engine
in working order was ten tons, and it drew
behind it a load of thirteen tons up the gra-

dient of one in eleven. The pressui'e of the

steam was from 90 pounds to 100 pounds per

square inch.
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On an incline of one in eleven, the resist-

ance due to gravity would be 203.64 pounds

per ton, and taking the engine friction at
j

eighteen pounds per ton, and the wagon fric-
j

tion at ten pounds per ton, we have the fol-

lowing total resistance to be overcome by
the engine in ascending the gradient

:

Pounds.
Resistance due to gravity: 23 tons at 203.63

lb. per ton 4,683.5
Engine friction: 10 tons at 18 lb. per ton .. 180

Wagon friction: 13 tons at 10 lb. per ton .. 130

Total 4,993,5

or, say, 5,000 pounds. The weight availa-

ble for adhesion was ten tons, or 22,400

pounds, which would be diminished by one-

eleventh on an incline of one in eleven.

The actual adhesion weight available in the

incline would, therefore, be

—

22,400—
22,400_

11

:20,364 1b.

and the adhesion must, therefore, have

amounted to very nearly one-fourth of the

load on the wheels. An engine of the

dimensions above given would develop a trac-

tive force of

—

ll*X1.5^121. Xt.5^, fi lb>?

2.5 2.5

for each pound of effective pressure per square

inch on the pistons ; and to overcome the

tractive pressure of 5,000 pounds, this

5,000

effective pressure must thus have been =68.6 lb.

726

per square inch. This pressure on the pis-

ton could, of course, readily be maintained

by a boiler pressure of 90 pounds per square

inch.

—

Engineering.

I)
oman Mortar.—The Roman mortars

I were essentially different from ours

;

they were composed, with a few exceptions,

of pure lime mixed in large proportions with

fragments of bricks coarsely pounded. This

mortar formed the bottom and side lining of

cisterns, fish-ponds, aqueducts, &c. Proba-
bly the introduction of the dry substances

was for the purpose of hastening the solidfi-

cation by exhausting the superabundance of

water from the lime. Thus, probably, the

desiccation of the mortar was obtained and
its compactness and impermeability to water
secured. The lime, sand, and brick of these

mortars were those of the country where the

structures into whose composition they enter

now exist.

PHOTOGRAPHY.
PICTURES OP THE ECLIPSE—PERMANENT

PHOTOGRAPHS.

From the "Mechanics' Magazine."

The total eclipse of the sun, visible last

August in equatorial Asia, has called special

attention to astronomical photography, and
this branch of the science will doubtless be
considerably improved before it is brought
to bear next August upon another total

eclipse, visible throughout a large portion of
the United States. The recent photographic
operations of the English expedition to India
proved a failure, because of the want of a
skilled photographer upon the staff. The
plates were spoilt, because of the dryino- of
the silver solution upon their surfaces, and
they were all under-exposed. The first of
these mishaps may always be avoided, and
the G-erman expedition at Aden avoided the
latter by trying some experimental plate
shortly before the totality, to get some clue

beforehand to the decline in the actinism of
the light produced by the eclipse. Next
year, more pictures may be obtained in the
same space of time, by adopting the plan of
the Germans at Aden, of taking two pictures

of the eclipse upon one glass plate. This is

done by a simple plan well known to photo-
graphers. The sliding dark back, carrying
the plate, is lengthened, so that after one-

picture is taken, and the light cut off, the
slide is moved onwards two or three inches,

and another picture taken upon the same
film. This plan saves half a minute, or
more, which otherwise would be lost in

changing the slides.

The English apparatus worked capitally

during the eclipse, but even in this the Ger-
man expedition had one slight improvement.
The photographic part of their apparatus
was not directly fixed to the tube of the
telescope, lest the necessary motions of the
slides should set up vibrations, so the con-
nection was made by means of an india-

rubber tube, which also excluded all stray

light. In ordinary photographic operations,

if the operator desires to get the maximum-
number of negatives in the shortest space of

time, he not only furnishes his camera with
a long sliding back, but he increases the
number of his lenses, to throw several
similar pictures upon different parts of the
same sensitive plate. This raises the ques-
tion whether in photographing solar eclipses

it may not be possible to mount two or three
reflectors or refractors at the end of a single



240 VAN NOSTRAND'S ENGINEERING MAGAZINE.

telescopic tube, so that, say, three pictures

are thrown at once upon the plate in a ver-

tical line one above the other. Then, 1 y

shifting the plate as already described, six

pictures would be obtained upon one film
;

or, hy a second motion of the plate, even us

[many as nine might be impressed.

Many plans for increasing the permanency

of photographic prints have been under con-

sideration at the various societies during the

past year, but the results, as regards pictures

upon albumenized paper, have been small.

The very few photographers who are really

scientific men, turn out silver prints which in

comparison with the general run of such

pictures, are stable, fresh and good, hypo-sul-

phite of soda solution, and thorough washing

of the prints after fixing, being the best

guarantees of permanency. After the wash-

ing and mounting of such pictures, rolling

and waxing seems to increase the stability,

by the production of a print with a hard

glazed surface, somewhat protected by the

was from deleterious impurities in the air.

Bat no care in silver printing upon albu-

menized paper seems to give security against

fading in the long run, and no photographic

chemist of eminence would risk his reputa-

tion by the assertion that any such silver

pictures are as durable as engravings in

printing ink. Messrs. Disderi, Johnson, and

others, have been producing some very de-

licate and beautiful prints upon wet collodion,

which prints were afterwards transferred to

paper. Little or nothing is as yet practical-

ly known about the durability of these pic-

tures, but theoretically there are reasons for

supposing that they will last longer than the

common kind. At all events, they are more

pleasing and engraving-like in appearauce,

and can be turned out at the same price as

.their better-known rivals.

Carbon was the basis of the best and most

imperishable of the inks in use by the monks
of old, and there is no doubt that the most

permanent photographic pictures at present

obtainable upon paper are those produced by

the carbon process. Mr. Joseph Swan first

produced these pictures upon a commercial

scale, and after working the process up to a

great state of perfection, he recently sold

his patent for a high sum to a London Com-
pany, but there is scarcely a phhotographer

in London who will undertake to supply

carbon portraits on any terms whatever. One
of the best and certainly one of the most
beautiful kinds of permanent photographic

pictures are transparencies upon collodion,

cemented between two sheets of gla>s with

Canada balsam. The balsam in its natural

state will not do, as the essential oil it con-

tains gradually evaporates, and at last the

picture ceases at places to remain in optical

contact with the glass. This essential oil

should first lie driven off by heat to such an
extent that the balsam hardens as it cools,

and this hardened balsam should be used in

cementation processes. Even this, in some
cases, tends to become brittle with age,

whereby the plates have a liability to split

asunder too easily, so that experiments are

desirable to ascertain tin- best substance to

mix with the balsam to increase its tough-

ness.

This question of durability of photographs
is of far more national interest than is appa-

rent at first sight. If photography had been
known in the days of Queen Elizabeth, and
the photographers of that time took nothing

but fading pictures, so that that the London
life of the period was thereby pictorially lost

to us for ever, except -in the imperfect wood
cut and flattered oil portrait, what censure

we should now heap upon the photographers

of old. Yet the photographers of to-day

stand a good chance of falling into similar

disrepute in the opinion of posterity. Month
by month the physical features of all our
cities are changing with great rapidity. E-ail-

ways are cutting up the old streets and new
streets are being cut through in all direc-

tions. Little is thought of these changes
at the time they are made, but after the

lapse of a few years, accurate pictures of

our cities as they used to be, will begin to

grow in public interest.

THE BESSEMER PROCESS.

PIG IRON—BLAST AND BLAST PIPES—RE-
CARBURIZER.

From "Engineering."

In the practical management of a Bes-
semer steelworks the selection of pig iron is

one of the most important questions. It is

well known that the percentages of silicon,

carbon, manganese, sulphur, phosphorus, and
copper, must all correspond to certain figures

ascertained by experience, or must at least

remain within certain very narrow limits, in

order to insure a complete reliability and
regularity of practice and a high quality of

the metal produced. The percentage of

silicon should not be below 1 per cent., and
not above 2 per cent. ; the percentage of

carbon should never be below 3 per cent.,



VAN NOSTRAND'S ENGINEERING MAGAZINE. 241

but ought to be as high as possible. The
presence of manganese to a certain extent

replaces that of carbon ; but the pig iron

charges should not contain more than 3 per

cent, of manganese, because the great affini-

ty of manganese for oxygen causes a very

violent action in the converter, resembling a

series of explosions, by which a great quan-

tity of metal is thrown out of the vessels.

Silicon is an antidote against this violent

action of manganese, and a charge of man-
ganesic pig iron, mixed with a suitable pro-

portion of pig iron, containing about 3 per

cent., or 3.5 per cent, of silicon, works quiet-

ly, and gives an excellent product. In a

similar manner it is a very advantageous

practice to mix pig iron which is overcharged

with silicon with a proportionate quantity of

spiegeleisen in making up the charge for the

converter. The charge requires at least 2

per cent, of manganese for every per cent, of

silicon which it holds in excess of the requi-

site quantity, say 1^ per cent. When the

pig iron is melted in an air furnace the per-

centages of carbon, silicon, and manganese
are sensibly diminished by the ordinary in-

fluence of the flame ; this effect, to a certain

extent, depends upon the management of the

melting furnace, and the attention of the

operator should be directed to the prevention

of an excessive oxidation in the air furnace.

"When a cupola is used for melting the pig,

or when the pig iron is run direct from the

blast furnace into the converter, the propor-

tionate quantities of carbon, silicon, and man-
ganese named above may be slightly reduced.

The distinction which is made between
combined and uncombined or graphitic car-

bon, when judging of the applicability of

pig iron for the Bessemer process, is a pre-

judice. The total percentage of carbon,

both combined and uncombined, is the only

criterion, as far as the applicability to the

Bessemer process is concerned. Sulphur,

phosphorus, and copper are limited to the

extremely small percentage of 0.05 per cent.

whenever a high quality of metal is to be
produced. From this it does not, however,
follow that no pig iron which contains a

higher percentage of either of those three

impurities can be employed with advantage.
By mixing different kinds of pig iron in a

judicious manner, it is possible to dilute the

impurities, and bring them down to the nor-

mal percentages. In making up a charge
from three different kinds of pig iron, for

instance, one-third of the charge holding 0.15
per cent, of sulphur, the second contaminat-

ed with phosphorus to the same extent, 0.15

per cent., and the third part of the charge

containing 0.15 per cent, copper, it is obvious

that the mixture of liquid iron charged into

the converter comes within the limits named
above, and is perfectly suitable for the pro-

duction of the best qualities of Bessemer
metal, although none of the classes of pigs

from which that charge was made up could

have been by itself employed for the Bes-

semer process.

The pig iron, when selected and made up
into a charge, should be melted rapidly, and
at the highest temperature which can be pro-

duced. The runners or channels through

which the iron passes into the converter must
be of large sectional area, and carefully dried

and heated previous to tapping. The con-

verter must have a full white heat before

receiving the charge, and the liquid iron

must be run into it as rapidly as is compati-

ble with safety and cleanliness. The con-

verter should never be turned up before the

safety valve upon the air vessel has com-

menced to blow off, and the blast is let oil

full before the converter is brought into an

upright position. The liquid column of iron

in the converter is from 12 to 14 in. deep.

This depth is not exceeded in the converters

of larger sizes, which have a larger diameter

and a correspondingly greater number of

tuyeres, so as to hold the greater quantity of

metal without increasing the depth of the

ferrostatic column. The blast pressure in

the air vessel varies from 12 to H51b. on the

square inch, and it is never less than three

times as great as the weight of the liquid

column which rests upon the tuyeres. This

shows that the back pressure caused by the

liquid column bears only a comparatively

small proportion to the total sum of resist-

ance presented to the passage of the blast

through the Bessemer apparatus.

The resistance which the blast must over-

come in passing through the converter is

made up, first, of the friction and other

loss of power in the pipes and passages be-

tween the air vessel and the tuyere box
;

second, of the friction and resistance caused

by the numerous and narrow holes of the

tuyeres ; third, of the head of liquid column

covering the tuyeres and the friction within

the liquid metal ; and fourth, of the friction

and resistance caused by the contracted flue

or mouth of the converter. The sum total of

these resistances offered to the blast in pass-

ing through the vessel is measured by the

pressure gauge, on the platform, and it is
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obvious therefore that the variations of pres-

sure, as indicated by the gauge, do not of

themselves show to which particular item any

fluctuations are due. The burning and short-

ening of the tuyeres may lessen the friction,

or the partial choking reduce the area of

passage ; the iron may become more or

less fluid ; the throat may be partly filled

with slags, and thereby reduced in area ; or

a leak in the pipes may cause a loss of air

pressure : all these and many other causes,

which by their simultaneous action interfere

with each other's individual effects upon the

pressure gauge, make the indication of that

instrument more or less confused and difficult

to understand. It is preferable to look to

the behavior of the converter instead of to

the indications of the pressure gauge in con-

trolling the blast pressure during the

charge. The speed of the gaseous cur-

rent must be so great that the flame which
rushes out of the converter maintains a

clear and well defined outline and a steady

position. If the flame begins to waver or

oscillate laterally, it is always considered as

a sign of insufficient blast pressure. An
excess of blast pressure is attended with

violent and very voluminous eruptions of slag

and metal from the vessel, and it can be easily

remedied by allowing a portion of the blast

to escape from the main pipe. This is pre-

ferable to throttling, because it does not throw
any sudden back pressure upon the blowing
engine, and allows the latter to keep up its

speed with uniformity. An accident which
occasionally happens in blowing a Bessemer
charge is the cracking of a tuyere. If this

takes place during the earlier part of the

process the vessel may be safely turned down,
and the metal will remain fluid while a fresh

tuyere is inserted. If the accident happens
during the later stage of decarburization the

danger of setting or solidifying is much
greater, but there is still a possibility left to

to save the charge by skilful management.
The vessel is turned down for a second, and
this allows the liquid steel which fills the

crevices of the cracked tuyere to solidify,

and choke the escape passage or leak. The
vessel is then tight for another minute or

half of a minute, after which time the pro-

cess must be repeated. It is possible to re-

peat such an operation three of four times,

and the few fractions of minutes thus gained
may be sufficient for completing conversion

of the charge.*

* The giving way of the lining around a tuyere or
the burning away of a tuyere, are of more frequent

The most important and at the same time
the most difficult part in the management of
a Bessemer charge, is the determination of
the precise moment when the charge is com-
pleted, and where the vessel must be turned
down for receiving the final dose of spiege-

leisen. When the flame is clearly visible at

the end of the charge, there is no difficulty

in recognising a sudden change of its color

and appearance after a short practice ; but
some qualities of iron evolve such masses of
dense smoke of red, white, brown, or yellow
color, that the flame is completely covered,
and the changes in it are very difficult to

observe. The spectroscope, the slag-test,

and similar other contrivances, are then
brought into requisition with more or less

success ; but fortunately these inconvenient
kinds of iron form the exception, and not the

rule, amongst the pig iron which is applicable

to the Bessemer process.*

The purpose and intention of the final ad-

dition of spiegeleisen is to remove the sur-

plus oxygen from the metal which may have
remained in it after complete decarburization.

The elements by which we can remove oxy-
gen from iron are carbon, silicon, and man-
ganese. Of these silicon has the important
advantage that it forms no gaseous combina-
tion with oxygen,and therefore causes no ebul-

lition in the ladle and in the moulds. Against
this there is the great danger of overcharging
the steel with the silicon, which may be added
to it in excess of the precise quantity requir-

ed for the removal of the oxygen. The con-

sequence of such an overcharge would be
hardness, brittleness, and want of elasticity

in the steel produced. Carbon and man-
ganese form gaseous combinations with oxy-

gen at the high temperature existing in the

converter ; the ebullition in the ladle and
moulds is therefore not easily avoided when
these elements are used for removing the

oxygen, but the surplus of carbon left gives

occurrence. We have seen a four ton vessel turned
down 55 minutes within five minutes of the completion
of the blowing, and the charge saved, but of course
very cold, and sculling in the vessel and ladle. We
have turned down nine times within fifteen minutes,
and saved the charge. If the metal runs through a
small hole, and sufficient time is taken to chill it in the
hole, a charge may be generally saved. But the
forcing up of a wet bottom by the steam formed in it,

and any large hole in a thin part of the lining,

are remediless cases. The metal in the converter
must then be cast into pigs, if possible, as if partial-

ly blown it will stick to and destroy the cast iron

ingot moulds.—Ed. Van Nostrand's Magazine.
* But one of some hundred kinds of pig iron with

which we have experimented in this country, has
given an uncertain indication of decarburization.

—

Ed. Van Nostrand's Magazine.
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the required hardness to the steel, and any

surplus of manganese remaining in the steel

is comparatively harmless as regards the

quality of the product. When silicon is pres-

ent the manganese is less liable to cause

ebullition, since it can form a liquid slag, or

silicate of manganese. For these reasons

the final addition to the Bessemer charge

should contain the three elements, carbon,

silicon, and manganese. There should be a

surplus of manganese to allow for the un-

certainties regarding the quantity of oxygen
left in each charge ; there should be no more
silicon than is required to form a slag with

the greater portion of the oxide of manganese;

and there should be no more carbon than is

needed for finally carburizing the charge of

steel. The natural spiegeleisen, as a rule, is

too poor in manganese, and too rich in car-

bon to produce this effect, and when steel is

made by its application it is difficult to pro-

duce a very soft quality. Mr. Henderson's
ferro-manganese, which contains from 20 to

30 per cent, of manganese combined with 5

per cent, of carbon and a small quantity of

silicon, is a substance of much greater value

for the production of the highest qualities of

soft steel ; and the mode of manufacturing
such artificial alloys affords a possiblity of

bringing the relative quantities of the ele-

ments to almost any desired proportion.

The spiegeleisen should not be kept in the

furnace for any length of time, as it loses its

manganese and silicon by oxidation. It

should run into the converter with great

speed, so as to enter into the liquid charge

with a certain momentum. This prevents

its collecting upon the surface of the decar-

burized iron, which has a greater specific

gravity than spiegeleisen or ferro-manganese.

It is not necessary to turn up the converter

a second time after the final addition, since

an immediate reaction takes place, and a

large white flame rushes out of the converter

although the blast is entirely shut off. The
liquid steel is then immediately poured into

the ingot moulds. Only in the exceptional

case, when there in no flame visible at the

converter mouth after the addition of man-
ganese, the vessel must be turned up a second
time, and the blast passed through it for a
few seconds. This is done because the absence
of a vivid reaction indicates that the charge
had not been blown long enough at first, so

that there was no surplus oxygen left in it,

and the additional time of blowing is requir-
ed for removing the surplus of deoxidizing
elements added at the end of the charge.

CHEAPER RAILWAYS AND WORKING.

The British newspapers, professional and
commercial, are discussing this subject very
earnestly. It is important to us in America,
however, that we should not be led astray by
names. The cheap and light railways ad-

vocated by Englishmen, are by no means to

be deprived of the best known systems of
drainage, ballasting, rails, rail jointing, roll-

ing stock and power. Indeed, it is proposed to

increase the weight of rails, and a great
economy is expected from articulating engines
and trains at a considerable extra cost.

British engineers propose to cheapen railway

construction chiefly by avoiding heavy earth-

works and costly works of art, and by filling
the trains. It is proposed to go over and
around hills rather than through them. The
cost of steam power on gradients and of wear
and tear on curves, is less than the interest on
the works necessary to avoid gradients and
curves, within reasonable limits. The Ameri-
can system may be followed to advantage, m
this particular.

But in respect of stations, the American
system is equally wrong—in the other direc-

tion. Our traveling public is incommoded,
disgusted and led to avoid railways rather

than accommodated and encouraged to travel

by them. A railway station need not be a
palace, but Paddington stations at West Phil-
adelphia, Albany and Baltimore, for instance,

and a St. Pancras in the upper part of New
York, with overhead or underground down-
town branches, would pay better than the
cramped disagreeable and unsafe sheds that

now incommode the great traffic of these

localities. In the matter of carrying tons

of non-paying load to pounds of paying load,

the English system of compartments, and
guards paid to keep them empty,* is as

bad as possible. Now that our own system
of one fare and one class thoughout is modi-
fied by the introduction of sleeping berths,

sitting-rooms and other accommodations
specially (and roundly) paid for, it may well

be studied abroad. The transportation of

non-paying load however, is a very serious

evil everywhere ; there is no really good
practice to copy, and the whole department
requires reorganizing on a radically new plan.

The following considerations on this subject

* English express trains are very heavy, very fast,

and very frequent, and they are rarely well filled.

A few shillings to the guards and porters will purchase
accommodations that cost the railway company many
times that amount.
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are compiled from various numbers of

"Engineering" and from the "Railway
News" :

Railway transport in itself is a very pro-

fitable business, yielding from 50 to CO per

cent, of gross receipts in the shape of pro-

fits. These handsome profits have, however,

been rarely if ever realized for the benefit

of those who have invested in the undertak-

ings, for previous to the distribution taking

place a host of parasites have to be provided

for. The seven leau kine which eat up so large

a shave of the profits of railways are : Unne-
cessary expenditure in preliminary and parlia-

mentary proceedings ; excessive payments for

land; excessive cost of construction; unremu-
nerative expenditure upon branches ; dupli-

cate lines and improvements upon original

line by short cuts and otherwise ; cost of fi-

nancing andjobbery connected with formation

of company, issues of securities,and construc-

tion contracts ; and accumulations against

capital account of dividends paid, but not

fairly earned. By way of illustration in a

line now being constructed by the Midland
Company, running parallel with a line be-

longing to the Great Western, there is no

difference whatever in the formation or the

nature of the work ; but the same length of

line which cost the Great Western Company
one million is now being constructed by con-

tractors for two hundred thousand pounds,

or just one fifth ! In the case of the Brigh-

ton Company, the committee of investiga-

tion specified twelve branches which did not

pay working expenses, much less any return

for interest on capital.

The interests of a small community of

shareholders and bondholders, who have

wasted their money in a railway are not to

be considered against those ofmany millions

of people who are made to pay for the

waste. Were every corn-mill and every

bakery in the kingdom built of such costly

materials, and of such needless dimensions

and such elaborate architecture, as to have

cost twice what it ought, this would be no

excuse to the public for demanding of them
twice the present price of bread. For all

the great necessaries of life—food, drink,

clothing, firing, lighting, the means of trans-

port, etc., the necessary cost of which is

known—the public will demand and ultim-

ately enforce the supply at that cost, includ-

ing a fair profit upon only the necessary

capital employed.
It has been too long the habit to regard

the mere cost of traction as the chief ele-

ment of railway expenditure, whereas the
great item of expense is interest upon
capital—not of course that interest or divi-

dend is always paid, although it is not the
less chargeable in default of payment. To
pay the interest on the whole cost of the
present lines requires a charge in the way
of fares and freights at least twice greater
than the present total working expenses.
Of the latter, locomotive power, repairs and
renewals of rolling stock, and maintenance
of way, which alone are influenced by
gradients and curves, do not form much
more than one-half, the remainder going in

management, traiu and station service, rates,

taxes, Government duty, etc. In other

words, nearly or quite three-fourths of what
the public now pay to the railways is absorb-

ed in expenses and in payments upon capital

not in themselves influenced by the steep-

ness of gi'adients or the sharpness of curves.

Again, taking the expenses which are so in-

fluenced, it is certain that very considerably

steeper gradients and shorter curves may be

introduced, here and there, to save costly

works, without increasing the cost of loco-

motive power and the outlay for wear and
tear by more than a very moderate percent-

age. If this increase did not, as it hardly

would, exceed five per cent., and the new
line cost but half as much per mile as the

old, then for every pound now paid by the

passenger, very nearly five shillings would
be saved to him while paying the same rate

per cent, of profit upon the railway capital

as now. If, by the outlay of £1,000, a
clear saving of £50 can be effected yearly

in working expenses, the outlay is justifia-

ble, but if £100,000 are spent to obtain

theoretically favorable gradients or curves

which do not really save £1,000 yearly in

working expenses the outlay is a wasteful

one If this extra outlay be made upon a

single mile of line, as upon a costly viaduct,

or a tunnel, the interest upon it at five per

cent, is 1,200,000 pence per annum, equal

to £13 14s. per day, and equal to nearly 7s.

per train for each of forty trains running
daily over that mile for 865 days in the

year. Taking the number of trains at a

more reasonable figure, say, twenty daily in

both directions, it is evident enough that the

cost of working a comparatively steep in-

cline half a mile long, the adoption of which
would avoid the necesssity for a costly tunnel

or viaduct, could be nothing like 14s. per

train above and beyond the necessary cost of

working a level.
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SEWAGE.

OLD AND NEW SYSTEMS—REQUIREMENTS,
CAPACITY AND VENTILATION OP SEW-
ERS — APPLICATION OF SEWAGE TO
AGRICULTURE—PURIFICATION OF SEW-
AGE.

Compiled from M. Mille's account of the Paris Sew-
age, Chief Engineer Hermany's report on Memphis
Water Works, "The Engineer," "The Builder,"
The report of Messrs. Bateman and Bazalgette on
the Glasgow Sewage, &c.

The complete removal of sewage, not only

from towns, but from the waters and even

from the vicinity of large towns, is one of

the most vital and urgent questions of the

day. The health of millions and the lives

of thousands of human beings depends upon
it. In the older towns of Europe, it is per-

haps the foremost engineering as well as

sanitary pro Idem. In the larger American
towns, especially those that are not traversed

or surrounded by great volumes of natural

tides or currents to dissipate and dilute the

sewage, the necessity of disposing of it by
artificial means is felt and acknowledged.
But unlike the greater number of works for

the public protection, such as fortifications,

docks, fire departments, &c, which return

no revenue, sewage works properly con-

structed, are commercial and manufacturing
investments, as much so as the importation

of guano or the preparation of the Charleston

phosphates. Besides being indispensable to

the healthfulness of all towns, and even the

habitableness of some, sewage works may be

made to pay directly, in the wonderfully in-

creased productiveness of lands to which the

refuse matter is applied. Even in cities

like New York, this view of the case cannot
long be ignored. Although New York is

surrounded by a volume of water that dilutes

and appears to dispose of its sewage, great

banks of this material are already found in

all its slips and beneath its waters—foul

banks that are even now reservoirs of dis-

ease, and will one day spread pestilence

along its shores, instead of directly contribu-

ting to its health and wealth, by cheapening
and so bettering the food of its people.

Ancient Systems.—-In ancient Rome the

cloaca maxima carried the whole refuse

liquids of the city into the Tiber, as was the

case with the Thames not long since. The
Arabs introduced irrigation into Europe, and
the practice spread gradually along the west-
ern coast of the Mediterranean. In the thir-

teenth century, at the time of the Christian
conquest, the plain of Valence was watered

by seven branches of the Xucar, and in the

town the sewage of the houses was conveyed
through earthen pipes, or brick conduits,

into open sewers. As the population in-

creased infection became serious, and the
conqueror, Don Jayne d'Aragon, ordered
that the waters of a canal called the Cuart
should be made to run into the sewers for

two hours in every twenty-four, to carry off

the filth. Near the walls of the town the
inhabitants drew out the mud, and, after

drying it in the sun, ixsed it as manure,
while those who lived further down dammed
the stream, and forced the water to pass into

ditches in their own fields. The result was
that the portion of the Huerta do Valence
which lay nearest to the canal became a per-

fect marvel of fruitfulness, and remains so

to the present day. In Milan, in the middle
ages, the sewage of the town, and the refuse

of the woolen works, were received in open
sewers, which surrounded the town, and the

contents were carried to the river Po by
means of an old bed called theVettabia, which
traversed the lands of the Abbey of Clair-

vaux, belonging to the monks of Citeau.

Tradition says that it was Saint Bernard
himself who conceived the idea of feeding
the abbey lands with the foul waters of this

stream, and that the result of his experiment
was marvellous. In the fifteenth century

Francois Sfforza cut the canal of the Morte-
sana, and appropriated the water of the

Adda for the cleaning of the sewers of

Milan. The irrigation was then extended
over between three and four thousand acres;

and this, with the great industry of the peo-

ple of Lombardy, created the marcites—
meadows which yielded in some cases as

many as eight crops in the year, supported

more than three milch cows on every hectare

(two-and-a-half acres), and gave rise to the

famous manufacture of Parmesan cheese.

Modern Systems.—In London and some
other cities, the sewers were originally in-

tended to carry off rain water only, Up to

the year 1815 it was penal to discharge sew-

age or other offensive matter into the sewers;

cess-pools were regarded as the proper re-

ceptacles for house drainage. But as the

population increased, tho subsoil became
thickly studded with cess-pools, improved

household appliances were introduced, over-

flow drains from the cess-pools to the sowers

were constructed ; thus the sewers became
polluted, and covered brick channels were

necessarily substituted for existing open

streams. In the year 1847 the first aot was
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obtained, making it compulsory to drain

houses into sewers. The present English

solution of the problem, as developed in their

general systems of town drainage, has been

to construct underground, generally along

the center lines of streets and alleys trav-

ersing the districts to be relieved, conduits

of masonry ; or to lay stone-ware pipes.

Into these all house and factory refuse,

and ail cast-off matter which can be floated,

are conducted by means of branch drains and
street gulleys, and by the aid of an ample
public water supply and occasional rainfalls,

through these conduits into natural water-

courses, to be diluted so far as to be inoffen-

sive. This manner of disposing of city sew-

age is called the water-carriage system. It

is, with some exceptions, the general prac-

tice in England ; and, so far as sewage
works have been designed and constructed

in the United States, the universal practice.

In cases where there is insufficient fall

from the street sewers to the place of de-

posit, pumping is largely resorted to ; the

whole of the vast low level drainage of Lon-
don, amounting to more than 83 square

miles, is thus disposed of. The cities of

Liverpool, of Leamington, the proposed im-

mense drainage of Glasgow, besides numer-
ous great cities on the continent, like Ber-

lin and Hamburgh, have works conceived

and executed with the same view. Similar

works are proposed for some of the American
cities ; Troy among others.

The mixing of fecal matter with water,

and disposing of it through the sewers,

finds, however, little favor on the continent

of Europe, and is obliged to encounter much
opposition from some of the ablest scientists

and engineers in England. It is condemned
on account of polluting the natural water-

courses and depriving agriculture of a valu-

able fertilizer. The tides of the ocean, even,

are proved inadequate to remove the sewage

east into it. The expectations respecting

the transporting action of the tide have

proved completety delusive, as the blackened

foreshores of Erith and Greenhithe, and

other places on the Thames, can testify.

Any town that discharges its sewage into

the sea, or gets rid of it, as the usual term

is, by this method, will find that there is a

vast difference between a simple transference

and a complete removal. Absorption, not

solution nor dilution, is the only manner in

which to effect the complete removal of sew-

age, and that is a faculty enjoyed in the ful-

lest degree only by the soil and the won-

derful assimilating action of plants. To
avoid the nuisance and the waste of throwing
the sewage into streams or the sea, the fer-

tilizing matter must either be kept out of

the sewers altogether, and a different system
of collecting and transporting it devised, or

else it must be collected at the outflow point

of the system. It may in either case be
deodorized, should that process prove suc-

cessful The main drainage of London is

intended to float or propel by running water,

all the sewage of the town, to a point far

below the town, where the fertilizing matter

will be collected in solid form. The Paris

system is the same, and has been frequently

described. During the last twenty years, a

complete system of drainage, terminating in

a main sewTer with a flow of from three feet to

six feet per second has been attained, and the

authorities have finally determined that the

Seine should be cleared of the pollutions of

the town. In Paris, however, the use of

cess-pools continues to a great extent, and
the foul matter of the houses is not in all

cases passed into the sewers. But the cess-

pools are properly cared for and cleaned.

But this is an expensive process. Over
2,000 tons per night are removed from pri-

vate houses. Steam pumps convey over

500,000 tons per year to the basins at

Bondy, six miles from Paris, and 50,000
tons of half-solid matter which the pumps
will not act upon, is removed in casks. At
Bondy the night-soil is transformed into sul-

phate of ammonia, and into poudrette, which
is the solid deposit left in the basins, dried

and sifted. But this method of preparation

is very rude, and nineteen-twentieths of the

useful matter are said.to be lost.

In many American towns, however, the

only system that can be afforded at present,

is simply to get the sewage out of the town,

by the comparatively inexpensive method
of water carriage in the sewers. In the

Memphis region, for instance, where this sub-

ject has come up for settlement, the land for

agricultural purposes is too cheap, abundant,

and iertile, and the scope of agriculture too

limited to permit the expensive application

of fecal matter as manure; and the further

pollution of the Mississippi by the addition

of the sewage from another city is a contin-

gency altogether too remote for serious con-

sideration.

Requirements and Capacity op Sew-
age Works.—To what extent any system

of drainage should be a modification or a

suspersedure of the natural drainage, depends
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on the topography, area, natural streams of

running water, rainfall, and population which

obtain in different districts or cities. The
best existing systems of artificial drainage

give evidence of having arrived at whatever

degree of perfection they now possess by

passing successively through the stages of

improvement, and at least partial superse-

dure of the originally existing natural drain-

age. In some of the most den>ely populated

cities the only traces of a former natural

drainage are the lines of the main outfalls,

which, to a greater or less degree, coincide

with the natural lines of rain-water outtalls.

Therefore, it is evident that the tendency of

all systems of artificial drainage is inevita-

bly in the direction of the total supersedere

of the natural drainage.

The first question to be solved is the size

of the sewers ; to determine which, three ele-

ments are indispensable ; the areas to be

drained, the inclination of the sewers, and

the maximum quantity of sewage and rain-

water discharged in a given time from said

areas. The first two of these elements only

are known ; the latter remains to be deter-

mined, and is composed, in cities enjoying

a public water supply, in connection with a

general use of modern house conveniences,

of the refuse water holding the solid matter

in suspension, and the rainfall discharge.

The refuse water is found, in densely popu-

lated cities, to vary but inappreciably from

the water supply in bulk ; one-half of which,

according to observations on the London
sewers, finds its way to the sewers in six

hours, and the other half in the eighteen re-

maining hours out of the twenty-four. Then,

taking the water supply at 60 gallons or

8.0214 cubic feet per 24 hours per capita, and

the resulting sewage as the same in bulk,

one-half of which being discharged in six

hours, and rating the ultimate population at

seventy-eight persons to the acre, equivalent

to fifty thousand per square mile, there will

result 0.0144 cubic feet as the sewage per acre

per second (equivalent to a rainfall 0.0143 in.

in depth per hour), rated according to popu-

lation and water supply. The rainfall dis-

charge depends upon the depth of rain falling

in a given time, and the condition of the

surface upon which it falls, whether dry, wet,

frozen, paved, built over, or cultivated ; mod-
ified by the declivity of the slopes along
which the discharge takes place. Mr, Bazal-
gette's paper on the London Main Drainage,
says : From careful observations of the quan-
tity of rain falling on the metropolis, within

short periods of time, it has been ascertained

that there are about 155 days per annum
upon which rain falls ; of these there are only

about 25 upon which the quantity amounts
to \ of an inch in depth in 24 hours, or the

0.01 part of an inch per hour if spread over

an entire day. Of such rain-falls a large

portion is evaporated or absorbed, and either

does not pass through the sewers, or does
not reach them until long after the rain has
ceased. In the report of Messrs. Bidder,
Hawksley and Bazalgette, in 1858, on the

subject, it is stated that continuous observa-

tions, show that the quantity of rain which
flowed off by the sewers was, in all, cases,

much less than the quantity which fell on
the ground; and although the variations of

atmospheric phenomena are far too great to

allow any philosophical proportions to be
established between the rainfall and the

sewer-flow, yet they feel warranted in con-

cluding, as a rule of averages, that \ of an
inch of rainfall will not contribute more than

g of an inch to the sewers, nor a fall of 0.4

of an inch more than \ of an inch. Indeed,

they have observed rainfalls of very sensible

amounts failing to contribute any distinguish

able quantity to the sewers. But there are

in almost every year exceptional cases of

heavy and violent rain-storms, and these have
measured one inch and sometimes even two
inches in an hour.

As to the size of sewers, in Great Britain

and on the continent, experience has demon-
strated that improper substances admitted

into sewers will obstruct them, no matter

what may be their dimensions, and must be
removed by manual labor. To effectually

meet this evil, the earlier practice was to

make all the sewers large enough to conven-

iently admit men, to pass through them and
remove matter which should never have
found its way into them. Sewers constructed

upon this plan are costly to build and keep
clean ; they induce the admission of refuse

which cannot be removed by water, but which
could generally be carted away much more
economically from the surface at the points

of accumulation than by being first unwisely

forced into sewers, thence exhumed by the

tedious and life-destructive labor of the sewer-

scavenger, and then carted away ; calling into

requisition a " description of labor which it

is improper for human beings to perform, and

which ought to be forbidden, as being false in

principle, and belonging to a low state of art,

and as being ignorant or interested excuses

for the avoidance of the trouble and expense
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of practicable and efficient substitutes." As
sanitary measures, large sewers are very

objectionable. The constant accumulation

of foul matter during the dry season of each

year, when the flow of sewage does not keep

the main sewers clean, would convert them
into elongated cess-pools, and thus originate

or aid in prolonging epidemics to a fearful

extent. To keep sewers of this magnitude

clean, by flushing them with water from the

public water supply, would involve an expense

for elevating water for this purpose alone,

which at present cannot be estimated ; except

in very flat districts, it appears preferable to

provide for the removal of excessive rainfalls,

by natural drainage, or by surface drainage,

and to provide only for the ordinary quan-

tity in the underground system. The main
sewers of the Memphis works are designed,

when running full, to discharge three times

the maximum quantity of sewage indepen-

dent of rain-water, or three times 0.0144

cubic feet per acre per second, as heretofore

determined; i. e., the sewers are made suffi-

ciently large to carry into the river sewage
equal in volume to a discharge of one inch of

rain in 24 hours. The minimum inclination of

the main sewers is to be 3.168 feet per mile,

which, in the case of a three-feet sewer, when
running half full, will produce a velocity of

current equal to 2.6 feet per second, or 1.4

miles per hour, calculated by Prony's for-

mula. The actual velocity, however, in a

sewer of this size and inclination, when half

filled, is greater from the fact that at every

junction with its branches (provided the

junctions are properly made) the volume of

sewage flowing in the main sewer receives an
increment of velocity arising from the greater

inclination of the branch sewers.

In all main sewers, however, there will be

accumulations of solid matter, and to provide

for its decent and economical removal, catch

basins are, in the best practice, built under
the line of the curb-stones, at the street

corners where the surface water from the

gutters flows into the sewers. They have
trapped connections with the sewers, and
movable cast iron covers. At the junctions

of the catch-basin discharges with the branch
sewers, and at all changes in the alignments
of sewers there are also man-holes, located in

the center of the streets, and fitted with per-

forated covers, to facilitate inspection and the

removal of deposits, also to ventilate the

sewers. It is also well to place intermediate
manholes, every 100 feet, to determine the

location of deposits. These may be covered

by the pavement, to save cost, as they need
not often be uncovered.

Ventilation of Sewers.—Gas evolved

by decomposing organic matter in sewers, is

always dangerous to health. In small quanti-

ties it poisons the blood and produces typhoid

and those other diseases commonly termed
zymotic. In a perfectly undiluted state the

gas would cause instant death. In his evi-

dence before the Select Committee on the

Sewage of Towns, Dr. R. A. Smith states

that sewage is oxidised even befoi-e it leaves

the town, and that poisonous gases, are

evolved in large quantities. Whenever the

temperature rises to about 54°, which is

the usual temperature of sewers, oxidation

is intensely rapid. The gases are generally

as follows

:

Carbonic acid 95.0

Nitrogen 2.6

Sulphuretted hydrogen 2.0

Carbonic oxide, hydrogen, and car-
buretted hydrogen 0.4

100.0

The motion of the liquids constantly ex-

poses fresh matter to the influence of the air,

and the solid matter deposited in the sewers

or adhering to the sides, being in an advanced

state of decomposition, the exhalations are of

the most deadly character.

What becomes of these gases? It has

been supposed by some that the carbonic ocid

gas being heavier than air, finds its way to

the outfall and is dissipated in the air; this

is clearly an error ; the law of gaseous diffu-

sion militates against this theory. The
constantly accumulating gas is soon rendered

highly concentrated by the temperature in

the sewers, and as soon as the pressure of this

exceeds the hydrostatic pressure of the water

in the traps it escapes. The bubbling noise

not uncommonly heard in closets and sink traps

is caused by gas escaping in this way ; more-

over, sewer gases are extremely soluble

;

water readily absorbs more than its own vol-

ume of carbonic acid gas, consequently the

water in the traps rapidly become highly

charged with sewer emanations, which cause

it to putrefy and evolve most dangerous

gases into the apartment.

The ventilation of sewers by grates open-

ing into the streets—the delivery of these

gases into the very midst of the street throngs

and into the doors and windows of houses, is

hardly a remedy of the evil. To disinfect

sewer gases before they can reach the street,

vegetable charcoal spread lightly on a per-

forated tray or basket has been fixed in con-
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'nection with the man-holes. When dry it

effectually purifies the gases, but as it ab-

sorbs water rapidly it requires to be renewed

frequently. The steam and damp vapors

from the sewers will in short time render it

useless. Elaborate and expensive ventila-

ting chambers have been erected on this

plan in West Ham and some other places.

The process is theoretically correct, but its

practical value is very doubtful, for the

reasons stated. It has been proposed to con-

nect the sewers with factory or other chim-

neys, so that the gases may be discharged

into the air at a great elevation. There is

reason to believe that this method may be

made successful. The expense of building

special chimneys and keeping up a furnace

would be too great to be entertained, unless

all other reasonable schemes result in fail-

ure ; but if a factory chimney exists near the

summit of a sewer, a connection can be made
with very little expense. A small central

chimney would be useful only for a short

range ; the air would be drawn with great

force into the sewer, through the traps in the

neighborhood ; while the sewers at a distance

would not be affected in the slightest degree.

Rain-water spouts have been used in some
instances; but the objections to this system
are numerous. During heavy storms, when
the sewers are being rapidly filled with water

and when some outlet is specially required, the

spouts are required for their legitimate func-

tion ; besides which, leaves and birds' nests

eause frequent obstruction. The gases would,
inoreover, be discharged into the immediate
neighborhood of bedroom-windows.
The corporation of Liverpool has recently

incurred great expense in the endeavor to

solve this important problem. Over 1,000
iron shafts, about eight in. in diameter, with
revolving tops, have been fixed in corners or

recesses. These shafts are joined to the sew-
ers in convenient places, and are also car-

ried far above any windows. A great re-

duction in the rate of mortality has followed
their adoption.

Application of Sewage to Agricul-
ture.—The following are recent facts re-

garding the experiments on the application

of sewage to agriculture, at Paris. Two
methods, which may be called the agricul-

tural and the chemical, were to be tried sim-

ultaneously. A laboratory was also fitted

up for the daily analysis of the sewage water.
Near the mouth of the great sewer at Asni-
eres, a centrifugal pump capable of raising 500
tons of liquid per day, was erected and a plot

Vol. I.—No. 3.—18.

of ground, about four acres in extent, was
laid out. The sewage water, merely passes

along the small channels which bound the

beds, in which various kinds of plants are

cultivated, but especially roots; the water

filters through the soil, feeds the plants and

leaves in the channels a valuable deposit,

which is incorporated with the soil and which

applied to bare land in winter produces the

same effect as good manure, and prepares the

soil for spring crops. No other kind of

manure is ever used at the Clichy establish-

ment. The products are of excellent quality.

From November, 1867, to July, 1888, 26,-

000 tons of sewage water have been applied

to the soil there ; the water is therefore puri-

fied naturally, and at the same time acquires

a commercial value which is estimated at

about one halfpenny per ton.

The report of Messrs. Bateman and Bazal-

gette on the sewage of Glasgow says : The
application of sewage to land has not only

resulted in an amazing increase of its pro-

ductiveness, but, where the application is

properly conducted and the ground suitable

in character, the sewage is deprived of all ob-

jectionable smell and appearance, and may
then be safely permitted to flow into such a

river as the Clyde or into the sea on any

part of the coast. Probably the most nota-

ble instance ef the successful agricultural

application of the sewage in this way, is over

the Craigentinny meadows near Edinburgh,

where the land has been made to produce 40,

50 and 60 tons of grass per acre, per annum,
which is generally sold to persons, who cart

and carry it away themselves, for prices

generally exceeding £30 per acre, and in

some instances upwards of £40. There,

however, the mode of application has been

defective—the ground has been overdosed

with sewage, and its objectionable qualities

have not, therefore, in a sanitary point of

view, been wholly removed. At Croydon,

the purification of the sewage of that town,

by passing over grass lands in the immedi-

ate neighborhood, has been so successful

that people residing close up to the sewage-

irrigated land do not complain of any nui-

sance : and so entirely devoid of color,

smell, or taste is the sewage, after having

passed over the ground, that on comparing

a bottle of it with a bottle of water from

Loch Katrine, without knowing in which

bottle the respective waters were contained,

one of us actually selected the Croydon- sew-

age water as being that which he believed

was Lock Katrine water. Similar results
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have attended its application at Kugby, Car-

lisle, Barking, and other places ; and there

can therefore be no doubt •whatever that foul

sewage, after being properly and sufficiently

passed over suitable land, and applied to

suitable crops, may be wholly deprived of

its offensive character. The land which it

appears is best adapted for effecting this

purification, is well drained friable clay or

sandy loam, free enough to absorb the sew-

age and gradually allow it to filter through,

but not so free or open as to allow it to pass

through too quickly. Sands and gravels,

too, appear to produce this disinfecting re-

sult, and all crops are apparently suited for

the reception of sewage, though that to

which it can be most readily applied, and
which, perhaps, in its turn produces the

most beneficial result in its purification of

the sewage, is gra^s land, especially rye

grass, cut green and carted from the ground.

The application ofsewage to agriculture has

met with two serious drawbacks in England.
At first the local authorities and the farmers

were at open war, and everything was carried

on under compulsion. No sooner did the

local boards discontinue the pollution of the

natural water-courses, and apply the fecal

contamination to the land, than it became
necessary to endow them with power for the

compulsory purchase of land needed, as no
farmer would willingly permit them to use

his fields for the purpose. As the prejudiced

mind of the agriculturist became more en-

lightened by the undoubted success and value

of sewage irrigation, it began to entertain

another grave error, viz: that the only dif-

ference between the present and future

methods of manuring land consists in the

substitution of one fertilizer for another.

This is a serious mistake. The one is a

simple and primitive mode, capable of de-

sign and execution by any common farm
laborers ; the other is an accurately and
carefully planned project, requiring, from
first to last, a high degree of professional

skill, and technical knowledge and ability.

Thus it is that in the few instances where
the agriculturist has been his own engineer,

his attempted utilization of sewage has

eventuated a miserable failure, greatly to his

own surprise and chagrin, and also to the

detriment of the principle which he tried to

put into execution. Regarding sewage irri-

gation as applicable to every description of

crop, it must, in every instance, necessitate

some preliminary preparation, or surface

formation of the land, which it is intended

to irrigate. This circumstance mainly
contributed to the restriction of sewage irri-

gation principally to grass crops, which ad-

mit of a very reckless and unscientific dis-

tribution of the fertilizing fluid. The case

is otherwise where cereal crops are concerned.

According to the physical contour of the

land, so will the preparation of its surface

be more or less expensive. As the ground
must be prepared for a railway before the

permanent way can be laid, so is a similar

operation, in a minor degree necessary to

insure the proper and remunerative disposal

of sewage.

Artificial Purification of Skwage.
— V arious schemes for this purpose have

been tried and many others are on trial and
proposed. The Paris experiments before

referred to, are as follows : A solution of

sulphate of alumina is made in the propor-

tions of two hundred weight of the alum to

1000 litres of water, and two litres of this

solution were used for every ton of sewage
to be purified. The price of the alum de-

livered at Clichy amounted to eleven francs

per 100 kilos., about 4s. 6d. per hundred-

weight, making the expense of purifying a ton

of sewage something less than one farthing.

Lately a pure solution of the sulphate has

been obtained ; one pound is mixed with

two or three times its own volume of water,

for every ton of sewage to be purified. The
solution costs about one shilling per hun-

dredweight, and the expense of purification

thus only amounts to one centime, or less

than the tenth of a penny. The mode of

carrying on the operation of clarification is

very simple ; the sewage water, after having

received its dose of solution, is admitted into

the basins, which it traverses slowly, while

the particles in suspension are deposited as

in the operation of fintng ; the water flowing

out of the basin is so pure that it may be

turned into the river. The basins are emp-
tied about once in six weeks, and their

deposit is removed without difficulty. The
clarification occupies less than ten hours

;

the water, black on entering, becomes of

a greenish tinge as soon as the solution of

alum has mixed with it, and passes off at

the further end of the basin pure. The
manure left at the bottom dries readily when
the layer is not much more than four inches

thick. It passes from black to brown,

cracks, and assumes much the look of cork.

Very little smell is given off either from the

basins or the irrigating gutters ; the gaseous

matters are almost immediately consumed
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by the air and light. The precipitated

matter contains from fourteen pounds to

sixteen pounds of nitrogen per ton. More
than 50,000 tons sewage water have been

clarified in twelve months, producing about

100 tons of precipitate The composition

and nature of this precipitate place it exactly

on a fo iting in all respects with the refuse of

mud swept from the public streets. Side by

side with the practical experiments, careful

scientific examinations are pursued in the

laboratory. As already stated, a ton

of the sewage water contains about six

pounds of various foreign matters; azote,

phosphoric acid, alkalies, organic and earthy

matters. The precipitate contains half the

azote, all the phosphoric acid, and most of the

organic and earthy matters, while the clarified

water holds in solution the other half of the

azote, and all the alkaline matters. From
these data the values of sewage water are as-

certained to be as follows : A penny a ton for

the fluid as it exists in the sower collector,

and the precipitate about eighteen shillings

per ton; the total quantity poured into the

Seine daily averages 200 tons, so that the

value of the sewage water would amount to

about £300,000 per annum.
The A. B. C. process of Mr. Sillar about

which so much is said in the English papers,

is named from the initials of its three prin-

cipal ingredients, animal charcoal, blood,

and clay. When this compound is suspended
in water and added to the sewage, a precipi-

tate in large flakes is immediately produced;
the supernatant liquor is drawn off into a

tank and a small quantity of perckloride of

iron solution added. The iron compound
serves to remove the sulphuretted hydrogen.
It has been found convenient to add a cer-

tain proportion of alum, since the process is

thereby accelerated. This process was tried

at Leicester, where the lime process had
previously been used. Dr. Frankland's re-

port upon it says : The purification of

sewage may be conveniently considered un-

der two heads—1st, clarification, or the re-

moval of suspended matters, so as to make
the resulting liquid more or less clear and
transparent ; and 2d, removal of matters in

solution. The suspended matters contained
in sewage are well known to undergo rapid

putrefaction and to become very offensive
;

consequently their removal either by filtra-

tion or chemical treatment constitutes in

itself an important amelioration in sewage.
But the liquid so clarified contains in solu-

tion much nitrogeueous organic matter,

which is prone to become putrid even when
mixed with a considerable volume of river

water.

In conclusion, the results of the experi-

ments may be thus summarized :

"1. The Sillar and lime processes remove
to a great and nearly equal extent the sus-

pended matters contained in sewage.

"2. Sillar's process increases the amount
of dissolved solid impurity in sewage, but

reduces the quantity of putrescible organic

matter. The lime process reduces both the

amount of dissolved solid impurity and the

quantity of putrescible organic matter ; the

reduction of the last being about the same
as that effected by Sillar's process, viz:

rather more than one-half.

" 3. To the manufacturer of solid manure
from sewage, Sillar's process is greatly su-

perior to the method of treatment by lime,

although it fails to extract from the liquid

more than a very small fraction of its valua-

ble constituents."

Advantages of Irrigation over De-
odorization.—The report of Dr. Frank-

land further concludes: "Like all chemical

methods hitherto invented, both processes

fail in purifying sewage to such an extent as

to render it admissible into running water.

It still remains a fact that no chemical pro-

cess is known which even remotely approaches

irrigation in its efficiency as a purifier of

sewage."

The report of Messrs. Bateman and Bazal-

gette, before quoted, says :
" All attempts at

deodorization or precipitation on a large

scale have hitherto so completely failed,

either commercially or chemically, that, in

our opinion, the idea of correcting the evil

by any such process need not be regarded

;

and hence it becomes necessary, either to

turn the sewage in its natural condition into

the sea at some point sufficiently distant from

populous places or districts, or, by allowing

it to pass over a sufficient area of suitable

lands to clear it of all objectional character,

and to render it so pure that it may without

fear of creating a nuisance be turned into

the river or the sea." The " Engineer" in

discussing this subject, concludes that every

discription of disinfecting and deodorizing

nostrum has been allowed a fair trial, and
the practical result has been, without excep-

tion, a complete failure. They all come to

grief in one of two ways, and generally in

both. They all have failed to convert the

solid or semi-solid residue into a market-

able manure, which will sell, speaking
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broadly, for anything. A few of them have

been successful in purifying the sewage so

far that the liquid might be run into a

stream, where the owners were not over par-

ticular. This is nothing more than a feat

that any decently educated chemist could

accomplish. The only real and efficient pu-

rifier of sewage is the soil, and no chemical

process has been yet discovered which will

effect this object and at the same, time retain

or fix the valuable fertilizing ingredients.

From the recent report of the results ob-

tained at Barking Farm, it will be perceived

that there is no longer any doubt upon the

subject. In spite of the poverty of the soil

at Barking, the sewage has been able to con-

fer upon it all the fecundity belonging to the

richest lands. Splendid cereal crops, fields

of bulbs and roots, have resulted from the

application and the thoroughly efficient man-
ner in which the farming operations are

conducted.

THE SUEZ CANAL

PRESENT STATE PARTICULARS USE-
FULNESS—ENGLISH OPINIONS.

In a communication to Paris, M. de Les-
seps states that a small schooner, " La
Levrette," has recently passed through the

Suez Canal, and that six vessels belonging
to the Egyptian fleet are about to pass from
one sea to the other. It now may be safely

said that this canal is opened for vessels of

small tonnage ; and in six months' time
ships of from 2,000 to 3,000 tons burden
will be able to make use of it.

The Suez Canal is about 90 miles long,

and will be 328 feet wide at the water line,

74 feet at the bottom and 26 feet deep. The
slopes under water are very flat—five to one.

The excavation will have required the re-

moval of 96,000,000 yards of earth. The
work presents no engineering difficulty ex-

cept magnitude. The cost is estimated at

60,000,000 to 75,000,000 dollars gold.

As to the usefulness of the canal, the

Butch Commission report that it will help

sailing vessels bound beyond the Indian
Ocean very little—ten or fifteen days in

100 ; but that it will save steamers fifteen

to seventeen days in a voyage of 60 to 70
days. The rate of toll is not decided, and
it is stated that steamers will not be allowed
to use their own propellers, but will be towed
by some means that will not wash the banks.

The English papers are "calculating" that

it will hardly pay.

An American scientific writer, sojourning

in London, ten years ago, prepared an ela-

borate article favorable to the Suez Canal.

The article was thrown out by the proprietor

of the journal to which it was contributed.

But, said the writer. " the project must suc-

ceed—there are no insurmountable difficul-

ties." To which the proprietor replied to

this effect, and his reply sums up the British

opinion of the period: "The Suez Canal is

not recognized as a proper subject for pro-

fessional discussion in England. English-

men have determined that it should not

succeed." But British opinion is subject to

change on this as on other subjects, and the
" Practical Mechanic's Journal" now makes
this handsome acknowledgement.

The Suez Canal—after years of labor

and perseverance againt every obstacle and
discouragement, enough alone to immortalize

the names of Lesseps and those who have,

like his able contractors Lavalle and Borell,

stood staunchly by him through every diffi-

culty—at last begins to prove itself to the

world at large, and even to the most incred-

ulous eye, as about at an early period to be

accomplished. In fact, in some sense, it is

so already. The Sweet Water Canal has

already conferred great agricultural benefits

upon the country through which it passes,

and must prove hereafter a source of un-

countable riches to Egypt, and of great rev-

enue to the canal company. The English

engineer who showed himself, as regards this

Suez Canal question, the only competent one

—for Mr. John Hawkshaw, in his able re-

port, boldly stated that it was not only prac-

ticable but easy to construct, and that the

dogmata of Robert Stephenson as to the

impossibility of keeping it open were purely

chimerical—has stated, that he would under-

take to irrigate the whole land of Egypt, i.

e., all its tillable land, from that canal.

A condition produced by the relations of

the salt water or great ship canal and the

arid climate of Egypt, which Stephenson

never thought of, has since been carefully

taken into account, and it is now certain that

whenever the sea shall be let into and fill

the Bitter Lakes, the evaporation from the

water surface alone will be such as to cause

a considerable current through the canal,

which, according to Stephenson, would be
" no more than a stagnant ditch ;" indeed,

the question has been raised whether the

scour due to this cause and to alternate ac-
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tion of the tides, though these are small at

either end, may not prove more than desira-

ble. The effect, however, of this evaporation

will unquestionably be to totally and rapidly

change the whole climate of Egypt, so that,

irrespective of any irrigation, it will probably

become sufficiently moist to gradually put

an end to the Egyptian Sahara, through the

unseen working of the forces of nature.

Should this even in a minor degree be real-

ized, and there can be little doubt upon the

subject, it will be probably the most won-

derful result in the modifying of costnical

forces as found in nature ever achieved by

human means.

England has all along occupied a most

unenviable and unfortunate position as re-

gards this grand project, of which France

may be so justly proud, and the completion

of which we hope the Emperor may live to

see, and to know that it will be one of the

events by which history will mark his reign.

But we will not go back upon the unpleasant

track of misjudged policy, mainly due to

Lord Palmerston's political prejudices as to

Eastern affairs, sustained by R. Stephenson's

engineering misjudgment, in which the facts

and deductions were fitted for the political

foregone conclusion, rather than to nature

and reality. The recent tardy sort of half

retraction of ancient opposition and preju-

dice on the part of the Times, and some
other English leaders of opinion, is but a

pitiful display of grudgingly admitted error

and half-given praise, ihe old story, "it

will never pay," however, is still raised, but

no attempt is made upon any solid and sen-

sible basis of figures, in Great Britain at

least, to prove that that is so.

RAILWAY ACCIDENTS.

HASTY CONSTRUCTION—IMPERFECT
EARTHWORKS.

The " Railway News" divides railway

accidents into two classes ; those arising

from moral causes, such as disobedience of

orders, and those arising from physical

causes, such as mal-construction. Particu-
lar reference is made to the settling of em-
bankments. A few inches above section

line are generally allowed, but it is never
enough ; embankments have been known to

shrink a foot to the yard—that is to say, an
embankment of thirty feet high, left full

height, has been known, after excessive rain,

to sink ten feet and some even more than
this—sand-banks not so much. Here, then.

is the primary cause of numerous railway
accidents. The construction of railways is

always hurried forward ; cuttings and em-
bankments are often begun and finished
before any wet has been on them ; they are
prettily carried out and completed according
to the plans and sections, the sides are
nicely soiled and sown, and the young engi-
neer, having his exact depth of cutting,
exact height of embankment, and exact
two feet of ballast, all according to specifi-

cation, is satisfied. In nine times out of
ten the practical navvy knows this is wrong;
but it matters not to him. He must obey
the engineer, and he gets paid; and in the
contingency mentioned he may possibly get
paid a second time for the same work,
Banks should be—and are supposed to be—

-

constructed of half round form, the centre
six inches higher at least than the sides, in
order that, when the water makes its way
through the ballast, it may meet this convek
formation, and so be sent both sides out
over the embankments—good in principle
and effectually preserving banks "in good
order when thoroughly earried out ; for it

is not the quality of rain that falls that
spoils banks and renders them dangerous,
but the quantity that finds its way into their
centers. But on the contrary, when the
rain comes the banks go. The ballast is;

now on ; they cannot be opened out and
remade, because of the traffic and for other
reasons ; so more ballast is heaped on. as
many feet of it in many instances as there
should be inches, the consequence being
that the symmetry of the bank is lost, the
rotundity between ballast and formation is

gone, the water settles into the embankment,
and ballast for the future does more harm
than good, the water finding its way out by
means of slips and other channels that strain
the permanent way. The sleepers may be
sound, the rails good, and the fastenings of
the most approved kind ; but if this strain,
unprovided for in office books, comes on,
away goes the road, and under some extra,

speed or weight, or during the 48 hours
between Saturday and Monday that the
platelayer's watchful eye is off his beat, the
fastenings are unfairly tried, the guage is

forced out, and off goes the train.

This was, no doubt, the case at Tuxford.
on the Great Northern, some five or six
years ago. About two years ago it was the
cause of that terrible accident on a heavy
bank on the Chatham and Dover, and more
recently, on the branch line between Learn-
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ington and Rugby, this was evidently the

real cause of the accident. Of course acci-

dents occur on banks and in cuttings too

from other causes, and it is not denied that

sharp curves and steep gradients do their

part; but the above is chiefly the cause ofi

the class of accidents we are now discussing,
|

and they are only to be avoided by the nun-

1

ballasting of embankments until they have

had two or three seasons on them, and have

had time to become permanently consolida-

ted. If lines must be opened before that

occurs, less risk a thousand times to run

(at reduced speed, if you like) dver banks

without any ballast at all. By good
management and constant packing, the road

can be maintained almost as well without,

as with ballast ; indeed, very much better

than on banks where the super-quantity of

ballast acts only as a perfect trap to catch

and hold all the rain that falls ; and then,

after two or three winters have been on the

banks, the road may be finally lifted, set,

and ballasted, and it will never cause either

trouble, uneasiness or accident.

PROGRESS OF ELECTRO-METALLURGY.

COATING SHIPS' BOTTOMS—SILVER PLAT-
ING, ETC.

Frem the " Mechanics' Magazine."

In the year that is just ended, but little

has been added to our knowledge of the laws

of the electro-deposition of metals, and not!

a great deal to the application of laws al-

ready known; still, some progress has been

made, in the modes of carrying out these

arts. Last year we noticed a new applica-

tion of electro-coppering, as applied to the

coating of ships for the prevention of foul-

ing and corrosion, which had then but new-

ly been tried, and we were then in hopes

that by its means copper would soon be

successfully applied to the bottoms of ships

for their protection, but yet little progress!

has been made in that direction. Not that
j

a firmly-adhering coating of copper eannot

be applied to iron ; we have seen this done .

repeatedly, but the difficulty is in applying

it to ships. It can be done to ships' plates
[

before being built into the ship ; but the

'

rivets must be coppered also—yet, if copper-
j

ed, how are they to be riveted ? Even if'

copper rivets were admissible on the score of

cost and strength, they could not be on the

score of electric action. For if they con-

tained lead, as almost all commerical copper

does, they would become electro-negative to

the electro-plastic copper, and so assist to

destroy the coating of the plates. It is

true that electro-plastic copper could he

made into rivets, but this would be at double
the cost at least, and this would enhance the

price enormously, the rivets recpuired being
both very large and numerous. But besides

these considerations, eopper rivets would
not be strong enough. Are we, then, to

give up all hope of coating iron ships with
copper ? By no means ; but it will not be
by the direct application of the copper to

the iron. We think the difficulties of such
a process are too great to be successfully

overcome. The process which appears to us

most likely to succeed, is to coat the plates

of iron with copper by electrolysis (the iron

giving strength), and with these plates to

sheath the bottom of the ship, between the

the sheathing and the ship an insulating sub-

stance being interposed. Of course, in this

way, a ship could be sheathed with ordinary

commercial copper, but the sheets would
have to be of sufficient thickness to prevent
buckling and bulging from the insulating

material, so that with plates wholly of cop-

per the sheathing would be six or eight

times the cost of that we have hinted at.

We should like to see thin iron plates coat-

ed with copper, applied as sheathing on «,.

large scale. We have seen it tried on a

small one, and have but little doubt of its

success on the large.

In electro-coating with silver, as applied

to copper, brass and German silver, there is

nothing new ; except with regard to the
coating of the alloy of lead and tin (common
soft solder) with silver. This practice has
become much more extended, and is a decep-

tion and a cheat. The forks and spoons are

roughly made of a common kind of German
silver, or, rather, a highly speltered brass,

without a particle of nickel in it, and then
coated with common solder by immersion in

the melted metal ; they are then easily

rubbed down smooth, and the expense of fil-

ing,burnishing and polishing saved, and this

is the reason why this practice has been re-

sorted to. There certainly is more difficulty

to the ordinary practitioner in coating this

alloy with silver than in coating German
silver, brass or copper. The same method
caunot be pursued with this alloy as with
the above metals. Mercurial cyanide or

nitrate is of no avail to prepare it for the

silver ; instead of this as a preparation, the

spoons or forks are suspended in a boiling
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solution of caustic potash or soda for a short

time, and then transferred quickly to the

silver cyanide solution, to which is attached

a strong battery, so that they may be quick-

ly coated with silver, and the action of the

cyanide solution on the alloy is prevented by

rendering it strongly negative. When they

are coated they look as well as other spoon?

and forks, but they soon chip, owing to the

softness of the alloy under the silver, as

well as the imperfect adhesion of the silver

to the alloy.

There is another branch of electro-coating,

wherein gome progress has been made during

the past year, that is the coating of iron,
j

steel, and cast iron with copper and silver,
i

To make silver to adhere firmly to iron and
j

steel has been a desideratum much sought

after for many years ; indeed, ever since I

electro-plating was discovered. It has al-
j

ways been found much less difficult to make i

copper adhere to iron than to make silver
i

adhere to it ; consequently, it has hitherto
[

been the practice to coat common dessert

knives and nut-cracks with a thin coat of!

copper and then with a coating of silver,
j

But these are much inferior to the solder-

plated knives, called close plated, which is a
j

thin sheet of silver soldered on to the blade
j

with common solder. These are called the
j

best plated knives, though plated with soft
j

solder, because hard or silver solder is not
|

applicable to plating knife blades, on account

of the heat necessary, but to carriage, har-

ness and coach fittings, hard colder plating is
|

applicable, but its expense prevents it being
j

much used. This new process referred to
i

above is equal to hard solder plating, but I

eheaper than soft solder plating. The in-

ventor of it calls it pyro-plating, because

the fixing of the silver is done by heat, as

also the preparation of the articles for silver-

ing. Some four years ago, a patent taken

by Mr. J. Baynes Thompson describes a

process for obtaining a pure surface, where-
on to.deposit the silver, viz: by depositing

a film of iron oh the article. But within

the list six months the same gentleman has

taken out another patent and abandoned the

previous one. In this new process there is

no intermediate coating of any other metal,

the silver being deposited direct on the iron

or steel. The surface of the iron is purified

by nascent hydrogen, the hydrogen being-

produced by the electrolysis of hydrate of

potash or soda ; the inventor prefers hydrate
of soda. With care, no other salt need be
added to this solution, but in manufacture

such care can hardly be expected ; therefore,

it is expedient to add a small quantity of

one of the compound cyanides : those pre-

ferred are the uickelo or cobalti-cyauides of

potass. The necessity for these salts is

this : If care be not taken to regulate the

current of electricity according to the

strength of the solution and the number of

articles in it, as well as the heat of the solu-

tion, sodium will be deposited on the articles

as well as hydrogen, and if transferred to the

silver solution with that on, the silver will not

adhere. The compound cyanide prevents that.

When the article is coated with silver it

is subjected to a heat of between 400 deg.

and 500 dcg. Fah.,so as to fix the silver, and
after that it will stand a red heat without

injuring the coating. Knife blades and all

cutting instruments are silvered at a pale

straw temper, so that the burning in or fix-

ing of the silver may bring them down just

to a proper cutting temper. We understand

that the inventor has been fitting up a manu-
factory for the production of silvered articles

in iron and steel, and that it will very soon

be brought into full operation. Beyond
these, nothing further of note has been done
in electro-metallurgy ; and though the ad-

vance during the last year has not been very

striking, still gradual progress has been made.

Sinking Masonry in Marine Mud.—
Contracts will shortly be issued for the

construction of a floating basin at Bordeaux.

Preliminary surveys and trials have been

made, the result of which is that the difficul-

ties of construction* turn out to be less for-

midable than was imagined ; the works will

have to be carried out on a bed of marine

mud about twelve yards in depth, but which

is easily traversed by blocks of masonry
fourteen yards high and with a surface of

about six yards. Three wells have been

made by means of blocks formed at the

level of the ground, and which descend by
their own weight as fast as the soil is taken

out from the well. This operation presents,

it is said, no real difficulty when -the mud is

dense enough to prevent the water rising in

the well, and if a stream should flow in, a

pump capable of lifting about 300 gallons a

minute would soon pump the well dry. Un-

j

der the conditions above mentioned the ma-

sonry descends to the depth of thirteen yards,

! exclusive of a stratum of very pure sand,

I
four feet or five feet thick, which lies

j
beneath the mud. Masonry thus placed has-

i the solidity of a rock.

—

The Engineer.
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RESISTANCE AND TRANSMISSION OF

MOTION.

By Prof. Henry Morton, Ph. D. From the Journal

of the Franklin Institute.

There are a number of phenomena more

or less directly connected with the effect of

hi°-h velocity- in overcoming resistances,

which are commonly regarded as forming a

class by themselves, and requiring a special

hypothesis for their explanation, or if treat-

ed in the established method, calling for an

exercise of faith in a train of reasoning not

in itself quite unexceptionable, which is at

the least a sort of discomfort to ordinary

minds. As an illustration of the pheno-

mena to which we allude, we may cite the

oft-quoted experiment of shooting a tallow

candle through a pine board, the piercing

a slate with a pistol ball, without cracking

it, &c.

In an able paper by John C. Trautwine,

C. E., entitled "Remarks on Force, Mo-

tion, and Inertia," published in the "Journal

of the Franklin Institute," Vol. XLIV., p.

197, some of these difficult questions are

very fully expressed. We will quote, for

want of space, but one of the illustrations

used, although we would strongly recom-

mend the article to all interested, as an

accurate and entertaining discussion of a

subject which has been inadequately treated

by some even of the highest authorities.

After various other and more elaborate

illustrations, Mr. Trautwine says: "The
ordinary coupling between a locomotive

and a heavy train, would break, under the

action of an engine capable of imparting to

the train at one impulse, a velocity of forty

miles an hour ;
jet it safely transmits the

same amount of moving force when imparted

by a succession of milder impulses," and

further on, "it would seem, that moving

force will of itself sever mediums through

which'we may attempt to transmit too much
of it, to unresisting matter, as well as to

resisting force."

We believe that the obscurity of this

subject will be greatly relieved, if only a

little thought is given to the nature of

those molecular forces which are the most

usual active agents in the resistance and

the transmission -of motion. It will then

be seen that these are forces which differ in

nothing but their range of action, and in-

tensity, from gravity, or other like energies,

and may be fairly compared with them in

their mode of action.

There is however, another point, which,

though self-evident, is apt to be overlooked

in our study of all forces, and that is their

relation to time, in the respect, that the

effect of any force must be proportional to

its time of action. Thus, if a force is ca-

pable of producing a certain effect in one
instant, it will do the same twice over in two
instants, and can do but half as much as

this in half the time. We should then

first regard the particles of bodies as main-

tained in their relative positions, not by
any general and indefinite condition of con-

tact, but by the constant action of certain

forces of great but limited power, and ex-

erting this power, not without reference to

time, but on the contrary, with entire

dependence upon it; so that each element
is exerting so much force in so much time,

more in more time, less in less time, in a

direct proportion.

These general principles being premised,

we will presently assume a case involving

the transmission of motion, and test our
theory in its explanation. Our conception

of this subject will be rendered more easy,

however, if we first consider a parallel case

in which gravity might take the place of

the transmitting or molecular force. Ima-
gine the earth at rest in space, with a heavy
body in contact with it at some point. If,

now, the earth received a motion in a direc-

tion radial to the point of contact and away
from it, the heav^y body would remain in con-

tact so long as this motion was not greater

than that of a body falling from a state of rest,

i. e. (sixteen feet in the first second, and so on).

In other words, the attractive force between
the heavy body and the earth (which here

represents the molecular force of our actual

experiment), is just equal to that which we
express by so much matter (the weight of

the heavy body), moved sixteen feet from a

state of rest ; this power being put forth in

the time of one second. If, now, we re-

quired a greater force to be transmitted by
tuis attraction of gravity; oither by asking

it to move a greater mass at the same rate

(as by connecting the heavy body by a

string, with another .so placed as to be free

from all resistances to motion), or by de-

manding a higher velocity (as by supposing

the earth to move more than sixteen feet in

the first second), we should simply rupture

the connection between the earth and heavy
body. By keeping within the limits of the

transmitting force (which in the above case

was gravity, but might be any other), we can
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sfer, part by part, any amount of force I efficiency in the resistances, in the over

le second body, which will be converted coming of which the "work " consists, anc

tran

to the second body
into motion in it, and be so stored up and

accumulated without loss, all resistances

being removed.

We will now take up an actual case of

transmission to which our principle should

supply an explanation. A weight, w, rests

without friction on a level plane, and a

power, p (derived say from the action of

gravity upon a heavy body), is caused to act

upon it by means of a cord passing over a

fixed pulley. In an instant of time, gravity

exerts a certain pull upon the heavy body,

which we may assume to be transmitted

instantly to the first point of the cord ; but

how is it to travel along the cord ? It is

clear that the only mechanical connection

between the successive points of the cord,

is their cohesive attraction for each other;

it is then by what we may be allowed to

call a stretching of this attractive force,

that the power, p, can be transferred along

the cord to w, and by no other means.

Now, this molecular force is, as we have

already seen, properly expressed by, and in

fact constituted of, so much power in so much
time. If. then, we draw one of these atoms

from another with a force which is greater

in the same time than that uniting them, a

rupture will occur, and so much force only

Le transmitted as was exerted by the mole-

cular power during the time that the weight

was acting upon it.

The questions and conditions here noticed,

lead us to another cognate subject of similar

difficulty, and amenable to similar treat-

ment ; we allude to the relations between

the moving force and the work done by a

moving body. We say and know that the

• vis vioa or work done by a moving body,

varies with the square of its velocity, while

we know, by our previous reasoning, that

the force expended in giving it that velocity,

only varies with the velocity itself. Thus
the force of gravity will give a falling body

a double velocity in a double time, during

which it must have exerted a double force

upon it. Here, then, we have a double

force, doing a quadruple work. Is this

because, by some wonderful and recondite

property inherent in "velocity," the double

power has been indued with an again dou-

bled efficiency? Many writers leave us to

think so ; but we, on the contrary, believe

that the work done only seems to increase

more rapidly than the power implied in the

increased velocity, by reason of a loss of

and
in fact, that work in this sense, is no true

measure of force.

As we have before seen, the molecular
forces (which are those that most commonly
play the part of resistances) as well as all

others, exert powers proportional to the

times of their action. If, then, a moving
body with a certain velocity, overcomes a

certain number of these resistances, or, for

example, penetrates a medium to a certain

depth, before its motion is arrested, it has
overcome so many resistances, each acting

for such a length of time. If, now, the

same body with a double velocity, meets
the same medium, it will penetrate each
resisting element in half the time, and so

receive from it but half the resistance it

experienced before. If, then, its total force

were only equal to what it was at first, it

would go twice as far, or overcome twice as

many resistances ; because each of them
would be but half as effective as at first.

But as we know the double velocity implies

a double total force, and thus, considering

the doubling of the force and the halving

of the l-esistances, we see why the number
of these overcome, or the work done, should
be fourfold. Similar reasoning would apply

to the case of a body resisted in its upward
motion by the force of gravity. A double
velocity would give a four-fold height to its

upward path, because, traversing each dis-

tance in half the time, gravity would exert

but half its former effect within the same
space, and so on, as before followed out.

The body would come to rest when exposed

for a d-juble time to the resisting force of

gravity.

It may be objected that the time of action

is not the true measure of a force, but
rather the distance which it causes a body
to move in a given time. But that this is

not so, will be seen when we consider that

any velocity once implanted in a body,

needs no force to maintain it, so that all

the motion afterwards executed by reason

of that element, is a clear gain having no
equivalent of expended force as its repre-

sentative. Thus, a falling body acquires

during the first second, a final velocity of

thirty- two feet per second. If gravity then

ceased to exist, it would still travel this

distance in the next second, while if the

force still exist, and is to be expressed by
the motion produced, we would have it

responsible in the first second for sixteen
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feet, and in the next for forty-eight. It is

precisely this which introduces the philoso-

phical error into the method of estimating

force hy the product of mass, into the square

of the velocity.

But again, it may be said, the true mea-

sure of a force is the heat it develop*, and

this, as we know, varies with the square of

the velocity. We would reply that all

development of heat is unquestionably of the

nattire of overcome resistances. Thus the

vibratory motions given to the atoms of

bodies, are given in opposition to and by
overcoming their molecular forces, and

therefore, as in other cases, these forces

will each individually oppose a shorter re-

sistance to a body with high velocity, and

thus render a greater number of their com-

panions necessary to counteract its motion.

In other words, the previous explanation

may be applied word for word to this case.

Or, we may say, the change produced in

the individual atoms of a resisting medium,

which we have heretofore called overcoming

of their resistances, is heat. Therefore, if

a double velocity overcomes a four-fold

number of resistances, it develops a four-

fold amount of heat.

In conclusion, we would again remark

that the foregoing discussion is in nowise

intended as suggesting a new system of

mechanics. The rules at present employed

are perfectly correct in their working, and

more convenient in foAn, we think, than

any which could be established on another

basis. Like many rules and methods in

mathematics, they are without reference to

the rationale of the process, but accurately

fitted to its requirements. Thus, for exam-

ple, to take a simple case in arithmetic, in

place of dividing one fraction by another,

we invert the second and multiply. This is

perfectly correct and unobjectionable as a

method of obtaining certain results, but if

the final expression (e. g. | X '?) were re-

garded as a rational explanation of some

process (the inverting stop being ignored),

it could not well convey a very true or

.Satisfactory impression. So when we cal-

culate the efficiency of various forces by
the formula f— mv-, we are simply trans-

ferring one v from the denominator of a

fraction expressing the resistance, to the

numerator of the quantity expressing the

force, which we have a perfect right to do,

provided that we recognize this as a mathe-
j

matlcal process, and not as the expression

of & physical fact * Our object in writing
j

the above, is to make clear that this is the

actual state of the case, and thus, in this

and the other points noticed, to offer to

those who may feel the appetite for such a

supply, the reasoning which has satisfied iu

ourselves the craving after a rational ac-

count of things that had a certain air of

paradox about them, as commonly enun-

ciated.

THE DRYING PROPERTIES OF VARIOUS
PAINTS.

From a Paper by Charles Tomlinson, F. R. S. 3 read
at the Society of Arts, Dee. 9th.

The question we have to consider is " Why
does paint dry ?"

Volatile Liquids.—When we boil

water a process of evaporation goes on, and
the evaporation is not superficial merely,

but from every part of the liquid. Again,
if we apply heat to oil of turpentine con-

tained in a retort, it will boil a little over
300 deg. Fahr., and the vapor may be col-

lected and condensed in a cooled receiver

;

but if we try to boil linseed oil, for example,
it will not only not distil over, but it will

blacken and decompose instead of boil. If
we moderate the heat so as not to carbonize
it, then it will lose about one-sixth of its

weight and become thick, tenacious, and
viscid ; forming what is called printer's

varnish. Raise the temperature above 600
deg., and if air be present the oil will take

fire and burn quietly without further exter-

nal heating, until nothing but tar or char-

coal is left. If, however, the burning be
interrupted by closing the vessel, a brown
viscid substance will be left, known as bird-

lime.

Turpentine belongs to a class of oils

known as volatile; that is, they can be

raised into vapour by means of heat, and
under certain conditions will evaporate or

dry up. Linseed oil, on the other hand,

which cannot be distilled, belongs to a class

of oils called fixed.

Fixed Oils, Paints.—House paint,

omitting the coloring matters or stainers,

consists of three ingredients : 1st, white

lead or white zinc ; 2d, a fixed oil, such as

linseed or nut, used for the purpose of reduc-

ing the white to a soft paste, to which ia

afterwards added variable proportions of

linseed or other oil for thinning the paint
;

3d, the dryer. Dryers consist of litharge,

oxide of manganese, and sugar of lead.

Linseed oil is heated with about one-twen-
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tieth of its weight of litharge, which the

oil completely dissolves, and is then used as

a dryer. A similar heating with manganese

or sugar of lead also improves the so-called

drying properties of the oil.

Oxidizing Oil—Experiment.—But

what would be the effect of omitting the dryers

altogether in the composition of the paint? I

have no doubt most painters would say that

the paint would never dry. Let us see the

result of a careful experiment performed by

Chevreul some years ago. Four oak strips

were painted, each on one side, with a paint

composed of white lead and linseed oil, and

the other side with a paint composed of white

zinc and linseed oil. The dryer was omitted

in all cases. The strip No. one was ex-

posed to the air to dry ; No. two was put

into a bottle of the capacity of 3.52 pints

and closed ; No. three was put into a similar

bottle, containing dry oxygen gas ; No. four

was put into a similar bottle, containing

dry carbonic acid gas. After 24 hours, No.

one lead paint was almost dry ; the zinc

paint had set, but was not dry. No. two

lead paint was almost dry ; the zinc paint

had set, but was not dry. No. three

lead and zing paints were perfectly dry.

No. four paints were still wet and fresh, and

had undergone no change. After seventy-

four hours, Nos. one and two paints were
perfectly dry. No. four lead paint had
almost set, but it had no adhesion to the

wood, and could be easily removed by fric-

tion ; the zinc paint had undergone no

change, but stuck to the finger like fresh

paint. In another experiment it was shown
that in drying in a confined volume of

atmospheric air, the paint had absorbed all

the oxygen, and left nothing but pure

nitrogen in the bottle.

Paint dries, not because it loses anything,

as in the case of ordinary drying by evapo-

ration, but because it absorbs oxygen from

the air, and solidifies in combining with it.

The drying of paint, is not, therefore, a

mechanical effect, as in the case of evapora-

tion, but a chemical one, in which there is a

change of properties attending a change of

state from liquid or viscid to solid. Lin-

seed oil exposed to the ait* in thin layers

dries up into the form of a resinous, trans-

parent, moderately elastic mass resembling
caoutchouc. This property of absorbing-

oxygen and gradually becoming solid, also

applies to walnut, hemp, poppy, grapeseed,
safflower, and some other oils, and hence
such oils are termed drying oils. In under-

going this change these oils undergo slow
combustion, and give off carbonic acid.

Under certain conditions the drying oils

absorb oxygen so quickly as to take fire, as

when the cotton-wool, tow, &c, used in

cleaning machinery is thrown aside, and has

thus led to conflagrations.

According to Mulder, the difference

between non-drying and drying oils arises

from the presence of oleic acid in the latter.

He compares drying oils to blood ; they

absorb oxygen and give off carbonic anhy-
dride. To prove this in the case of linseed

oil, fragments of pumice stone were ignited,

left to cool, and then put into a bottle, and
the pumice was moistened with boiled lin-

seed oil, the effect of boiling being to raise

the oil into a state of greater activity. Air
previously deprived of carbonic anhydride,

was next passed over the pumice, and then

into a vessel containing baryta water, which,

in a few minutes became turbid from the

presence of carbonic acid, due to the slow
combustion of the oil. Roughly speaking,

the setting of paint is due to the absorption

of oxygen ; hence we can understand why
the painters, in order to prevent their

brushes from getting hard, put them into

water when they leave off work ; and also

cover a painted surface with water when
they want to keep the paint from setting.

Non-Drying Oils and Paints.—The
oils that do not absorb oxygen, are rape,

colza, olive, almond, and many animal oils.

By exposure to air they become gradually

changed, but in a different manner as com-
pared with drying oils. They become rancid

from the fermentation of the cellular sub-

stance of the plant or animal from which
the oil was obtained. They lose their color,

and, to a certain extent their fluidity, and
acquire an acrid, disagreeable taste. Such
oils are, of course, quite unfit for the pur-

poses of the painter, although there i3

ground for suspicion that linseed oil is

sometimes adulterated with a cheap fish oil,

the result of which in the paint is to pro-

duce a disagreeable kind of stickiness which
is all but permanent.

Besides white lead, or white zinc, as the

basis of paint, white antimony has also been

proposed. In order to determine the rela-

tive merits of the three, M. Chevreul insti-

tuted an experiment in which ten grammes
(151 grains) of pure linseed oil were mixed
up with sufficient quantities of the three

solids without the addition of any dryer.

It was found that the zinc paint covered a
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less surface tlian the lead, but more than the

antimony paint. The drying of the differ-

ent coats of the ihree paints required very

different times, as will be seen in the follow-

ing table :

—

Coats.

First ..

Second.
Third .

Lead
Paint.

Days.

4

84
3

Total m

Zinc
Paint.

Days.

18

15
5

38

Antimony
Paint.

Days.

50

28
27

105

Hence it appears that lead paint dries

much more quickly than zinc or antimony

paint. Indeed, unless it were possible to

hasten the drying of zinc paint by the addi-

tion of a dryer, it would be of very little

use in industry, since the practice of house

painting requires that not more than two or

three days shall elapse betwen the applica-

tion of the first coat and that of the second.

Antimony paint is also too slow in drying

to be used. A tin paint, was also tried, but

the oxide of tin was found to delay the dry-,

in°- of the oil. Pure linseed oil dries more

quickly on glass than when mixed with

oxide of antimony, so that this oxide is

actually anti-siccitive relatively to glass.

Dryers.—We now come to the dryers,

such as litharge, manganese, etc., and their

action is very remarkable in causing the

paint to absorb oxygen quickly and decidedly

For example—two cubic centimetres of lin-

seed oil absorbed, in thirty days, 2.445c. c.

of oxygen ; but the same quantity of man-
ganese dryer absorbed 21.45c. c. of oxygen

;

while a mixture of the two, consisting of

1.56c.c. of linseed and 44 of the dryer,

absorbed 30. 826c. c. of oxygen. That is, the

absorptive, or, as a painter would say, the

drying power of the mixture is far greater

than the sum of the powers of the two oils,

since 1.56c.c. of linseed oil absorbs of itself

i.985e.c. of oxygen, and 0.44 of the man-
ganese dryer 4.7M)c.c. of oxygen in thirty

days, the sum of the two absorptions being

6. 714c. c. But the mixture really absorbed

30. 826c.c, or more than four and a half

times as much as the same fluids absorbed

when exposed separately.

Experiments, scientifically conducted,

have also shown, that, in preparing his dry-

ers, the painter wastes both good materials,

fuel and time. He boils his oil too long,

and maintains the temperature too high.

The usual mode of preparing dryers is to

heat the linseed oil in an iron pot until it

appears to boil. The surface is skimmed
from time to time, and after from three to

six hours, about one-tenth, by weight, of

litharge is added, and the heat is maintained
five or six hours longer ; or 100 parts of very
old linseed oil is heated about six hours,

when six parts of litharge and about three

of burnt umber are added. The heat is

continued six hours longer, when the liquid,

after being left quietly to cool, is decanted.

For the manganese dryer, the oil is heated
at the so-called boiling point during five

hours
;
peroxide of manganese is thrown in,

and the boiling continued for eight hours.

We have already seen that the boiling is not
the formation of vapor, but the escape of

gas-bubbles due to decomposition.

Chevreul's experiments prove that pure
linseed oil is more siccative after three hours'

boiling than if not boiled at all; but is less

siccative after five hours' boiling than after

tbree. The oil boiled during three hours
with one-tenth of litharge is much more sic-

cative than if heated without the addition of

this oxide ; so that the drying property is

not conferred on the oil by the action of

heat, as some have supposed, but it is by the

mutual action of the oxide and of the oil,

assisted by a high temperature, that the dry-

ing properties are developed. Litharge is

more siccative than manganese ; and what is

very curious is, that litharge, heated once
with oil, is more active than fresh litharge.

It is still more curious, that manganese that

has been heated several times with the oil

is more active than fresh manganese. But
this excess of activity in the oxides is no
longer exerted on oil that has already been
boiled five hours. All the experiments
proved that the drying property of linseed

was injured by a prolonged heating at high

temperatures ; and the remarkable and un-
expected result came out, that linseed,

exposed to the temperature of from 100° to

176° Fah. during six hours in contact with
ten per cent of manganese, can be used inir

mediately in painting without the addition

of any other dryer. Linseed oil alone, ex-

posed to a similar moderate temperature,

improves in its siccative property, but not
sufficiently so to dispense with the manga-
nese. A very energetic dryer is obtained

by boiling the oil for three hours ouly in

contact with fifteen per cent of the metallic

oxide.

This completes the first branch of Mr.
Tomlinson's paper. In the following number
we propose to continue the subject of paints,
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especially the drying of paints on metals,

various woods and other substances, and the

influence of turpentine and other ingredi-

ents.

RECENT RAILWAY WORKS AND PRO-

JECTS.

Compiled from" Engineering," "The Practical Me-
chanic's Journal" and "The Engineer.''

The great railway work of the year has

undoubtedly been that across the plains and

mountains of Western America—the Pacific

Railway. The particulars of this work have

been so often given that we need only say

here that will form an unbroken line of rail-

way communication across the continent from

New York to the waters of the Pacific—

a

distance of over 3,000 miles, of which a few
hundred miles only, await completion. It

possesses, however, but little engineering in-

terest beyond the fact that it crosses the two
highest summits yet attained by railways,

the summit in the Rocky Mountains being

8,242 feet, and that in the Sierra Nevadas
7,042 feet above the level of the sea, the

mountains themselves rising considerably

higher. These great elevations are, how-
ever, approached from such long distances,

except on the Pacific slope, that there is

nothing exceptional in the gradients or

eurves, nor are there any heavy tunnels or

earthworks, nor important bridges. Indeed
the " track laying" has gone on at the rate

of three miles or more daily in each direc-

tion, and the line is expected to be open
throughout in July next.

The most interesting line opened during
the year is the temporary railway over Mont
Cenis, overcoming a summit level 6,870 feet

above the sea. On the Italian side the gra-

dient for some considerable distance is one
in twelve, while for a good deal of the dis-

tance on both the French and Italian slopes

the inclination is at nearly the same rate.

Upon all the inclines steeper than 1 in 40,

in the whole line of 48 miles, a middle rail is

laid in the very narrow gauge of 3 ft, 7|
in., and additional adhesion is obtained by
means of horizontal gripping wheels, worked
by the engine, and pressed with a force of

from 5 to 15 tons against this mid rail.

There are curves of two chains radius con-
necting the zigzags by which the line ascends
the mountain. Of the working of the line

and its prospects we have spoken elsewhere.
The Mont Cenis tunnel, and its progress

we have recently described. The promised

success of this undertaking has led M.
Flachat, president of the society of Civil

Engineers of France, to propose other lines

across the Alps. After pointing out the

daring rapidity with which all the rest of

Europe has been furrowed by lines of rail-

way, and showing that the territory of the

Swiss Confederation is far behind the rest of

the Continent in this respect as in others, he

states that three great railway lines ought

to be opened across the Alps, viz: by the

Lukmanicr, the St. Gothard, and the Sim-
plon passes. While France is most inter-

ested in that of the Simplon, Germany is

most so in Lukmanier. Switzerland is hos-

tile to any line over the Simplon, because of

its jealousy of France. Italy hails with

pleasure any or all of them, having no choice

except for whatever line shall enrich her

most. M. Flachat after reviewing the suc-

cess of the Mont Cenis tunneling, which is

now about 1.9 meteres per day for each face

of heading, and the probable improvements
in tunneling machinery, concludes that tun-

neling in the Alps, upon a scale such as

these and like vast ranges of mountains de-

mand, is a matter of certainty now as to suc-

cess, economy, and amount of cost, and that

hence huge tunnels ought no longer to oppose

the progress of the engineer in opening out

such mountain barriers.

The particulars of the various' tunnels pro-

posed, compared with the Mont Cenis, are

as follows

:

Summit above
Name Length. sea. Cost,

of Tunnel. Metres. Metres. Francs.
Mont Cenis 12,220 1,200 61,100,000
Simplon 12,080 1,300 60,000,000

St. Gothard.... 15,480 1,110 78,000,000

Lukmanier 1,710 1,750 30,000,000

Without going through his figures, which

are probably far from conjectural—for it is

to remembered that the St. Gothard line, at

least, was surveyed and laid out in detail

some years ago—he arrives at the conclusion

that the total cost of establishing the three

great lines of passage, and placing them in

full communication with the railway systems

of the countries to the north and south of

the Alps, would reach a total cost of 387,-

800,000 francs, or some 878,000,000.

Largo railway undertakings are going for-

ward in Russia, Hungary and Roumania

;

but in India and the colonies railways have

made but slow progress. No active steps

have been taking towards the construction

of the Intercolonial Railway through New
Brunswick, although the large loan for mak-
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ing it was guaranteed by Parliament a good
number of months ago, and half the loan has

been taken up.

A railway has been at last begun across

the Isthmus of Honduras, between the At-
lantic and Pacific oceans. The length is to

be 231 miles, overcoming a summit of 2,956
feet. The cost is set down at £8,000 per

mile, but enough is known of the almost im-

penetrable forest and the unhealthy climate

of Honduras to convince us that a far larger

sum than this will be necessary.

An agitation, without any substantial re-

sults, was commenced, some months ago in

Canada in favor of 3 feet 6 in. gauge rail-

Ways. The whole scheme appears to have
dropped through, and singularly, no partic-

ulars of the working and financial results of

the same gauge on the Queensland railways

have been furnished by the parties who have
promoted other lines of the same gauge. A
railway across Canada is proposed, which, if

earned out, will absorb a capital of some
$20,0000,000.

In Turkey there is a fine field for the

construction of railways, and one scarcely in-

ferior in China. *

As to French railways, there is an impres-

sion that it is because Government so limits

them in extent that they all pay well, and
that they are too few to accomodate the peo-

ple. The list under survey or construction

at the beginning of the year would seem to

show that this want, if it exists, is being

rapidly supplied. Among the principal new
lines, are the following : Paris to Dieppe
direct; Orleans to the sea by Honfleur,

Lisseux, &c, 105 miles ; Soissons by Buire,

Vervens, Lugny, &c, to the Belgian fron-

tier ; Auch to Toulouse ; Cercy-la-Tour to

Grilly-sur-Loire ; Cambray to Gannes
;

Niort to Cholet, 80 miles ; Bergerac to Li-

bourne ; Meru to Beauvais ; Flers to Conde-
sur-Norreau ; xVvallon to Dracy-Saint-Loup ;

Aix to Marseilles; Epernay to Romilly
;

Napoleon-Vendee to La Rochelle ; Yevot
to -Dieppe ; Havre to Lille ; Bordeaux to

Pauillac, and various branches of the Or-
leans and Rouen, and the Northern railways,

and a line connecting the Eastern Railway
of Prance with that of theDuchy of Baden,
between Saint Louis and Leopold's Lake.

In Great Britain although the past year
has not been marked by active railway en-

terprise, several important undertakings

* See article in another column on railways for

China.

have been completed or carried forward. In
and near London the principal works have

been the Midland Extension, now open
through to Bedford and the north; the Me-
tropolitan and St. John's-wood, opened to

the Swiss Cottage ; the Metropolitan Ex-
tension, now completed to Westminster, and
the new line of the South-Eastern, via

Chiselhurst and Sevenoaks. The Midland
Extension, with its four lines of rails and
its great station at St. Pancras, is now one

of the most important of all the railways

out of London, and it may be expected not

only to cheapen the transport of coal from
Derbyshire, but almost literally to build up
a new series of suburban towns extending

even beyond St. Alban's. The St. Pancras
station has been so often described, that it

need only be noted that its magnificent iron

roof has a clear span of 240 feet, the widest

yet attempted, and that it forms altogether

the finest example of railway architecture

in the kingdom. The Metropolitan and St.

John's-wood presents no striking features as

an underground line, the ascent of one in

27 to Hampstead not having been begun.

When completed, the line is to be 2| mile?*

long and is to rise 235 feet above the level

at Baker-street, three-fourths of a mile be-

ing inclined one in 27, with a station half

way up. The Metropolitan Extension, has

some very interesting work. The Metro-

politan District Railway, under the Thames
Embankment, has made but little progress

as yet ; nor is the East London, to be carried

through the Thames Tunnel, far advanced.

The new line of the South-Eastern, via

Sevenoaks, is noteworthy for a considerable

amount of tunneling, and for heavy earth-

works, and also for some especially fine

brickwork in its bridges. The London and

Brighton Company have opened a new line

between Brighton and Tunbridge, saving

fifteeu miles in distance. The London and
North-Western Company's new line, via

Runcorn, to Liverpool, was to have ,been

opened at the end of the year, this line, a*

our readers are aware, crossing the Mersey
on a long bridge, of which the principal por-

tion consists of three pairs of lattice girders,

each of 300 feet span. The Caledonian

Company have made a new line over which

trains are run between Edinburgh and Glas-

gow, without the detour via Motherwell, the

distance being the same as by the old Edin-

burgh and Glasgow.
The increase of railways in the United

States, and the principal railway engineering
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works—bridges, tunnels, viaducts etc—re-

cently completed and in progress here and

abroad were referred to in the February num-
ber of this Magazine. It is not improbable,

that we are on the eve of an important reform

in railway engineering especially in England,

and that we shall have cheaper and com-

peting lines, serving the public at half the

present cost. As to the Groverment taking

over the existing costly and extravagantly

worked lines, it is at least as likely that

Parliament, and more likely that Congress,

will leave the whole question of railway re-

form to private enterprise.

The Street Kailway in Emgland.—
We long since predicted,says the "Railway

Record," that its adoption in the suburbs, if

not in the leading streets of our own metro-
polis, was only a question of time, and the

act passed in the last session of Parliament
authorizing the laying down of street tram-
ways in the important and populous com-
mercial city of Liverpool gave a coup dr
grace, to an opposition which had contrived

to interfere with the carrying out of a vast

public convenience, which has been found to

answer its purpose remarkably well in Sal-

ford, and in Staffordshire, and Birkenhead.
The principal of the new companies seeking
Parliamentary sanction is the Tram-way
Company which proposes to form eight dis-

tinct lines in, and about London. Mr. Page
the architect of Westminster Bridge has pre-

pared the designs, and the traction will be
conducted either by horse or by steam loco-

motives. There can be no doubt that every
one of these will be opposed by the existing

railway interests ; and whether Parliamen-
tary sanction will be obtained, will depend
upon the temper of the new House.
On the other side of the question, Mr.

Hulse, President of the Manchester Institu-

tion of Engineers says in his address on cheap
railways, that unless the principal streets can
be widened very considerably beyond what
they are, unless people become accustomed to

slow traveling, and unless the danger to
which horses and other vehicles are subjected
in crossing the rails is removed, I fear there
will not be much likelihood of street railways
becoming general. In some localities, and
for some special descriptions of traffic, they
may be found to answer tolerably well.

Temple Bar, so long and nobly preserv-
ed by the Londoners, is at last to give

way to the exigencies of street traffic.

THE CONSTRUCTION OF RESERVOIRS.

The failure of the Dale Dyke or Bradfield
reservoir at Sheffield, England, in March,
1864, causing the loss of some 300 lives and
immense damage to property, has led the
authorities of many cities here and abroad,
to look very critically into the construction
and durability of similar works at their own
doors. In view of the breaking of several
pipes in the embankment of the Druid Lake
at Baltimore, the water board of that city
have called upon Messrs. J. R. Trimble, C.
P. Manning and J. H. Tegmeyer, engineers,
to make an examination of that work, and
from their late full and able report, we
extract the following interesting and timely
facts and considerations.

Construction of Ancient Reser-
voirs in India.*—Embankments in this

country have been made without puddle
trenches or puddle walls, the entire material
of the banks being capable of resisting water.
The earth was scraped up with rude instru-

ments or by hand, carried in small quantities

by men, women and children, trodden down
by the feet of workers and animals, washed
by monsoon rains, and dried and baked in the

sun, until after many years of slow work, a
close, homogeneous, enduring mound has
been formed—-instead of being thrown to-

gether in bulk from carts and cars, and in-

adequately tempered and compressed, as by
the modern system. These works are re-

markable for their vast extent. One has a
bank 12 miles long and a reservoir circum-
ference- of 40 miles, the conduit pipe being
60 miles long. The reservoir of Abharya-
Weva, is said to have been constructed 505
years B. C. Tt is now partially in ruins.

The lake of Minery is 20 miles in circum-

ference ; the embankment is a mile loner,

covered with lofty trees. It is 2,000 years
old and is still in use. The Cummum.
Tank is one of the earliest works, to which
Hindoo history refers. Its length is five

miles ; its breadth three miles ; its area
eight square miles. The top of the bank or
" bund" is 102 feet above the base with an
average width at top of 26 feet ; inside

slope 3 to 1 ; outside slope 1 to 1| to ]. It

has two culverts passing through it, and a
waste weir of 230 feet width to oarrv off

surplus water, but placed half a mile from
the embankment.

* Mr. Rawlinson's report oq the failure of the Dale
Dyko Reservoir.
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Tiie Dale Dyke Embankment.—This
work for enclosing the waters of the

Bradfield Reservoir, was situated in the

ravine of the Dale Dyke or Loxley river,

()A miles above Sheffield, and at a point 450
feet above that town. It was erected as a

storage reservoir for supplying water power
to nulls and factories. The water-shed or

gathering area discharging water in reser-

voir, is 4,300 acres. When full the lake

had a surface area of 78 acres. Greatest
depth of embankment 95 feet ; capacity

114,000 cubic feet (855,000,000 gallons);

top of embankment across valley 1,254 feet

long; width of base 500 feet; width at top

including four feet of puddle wall, 12 feet;

inner and outer slopes of banks 2^ feet hor-

izontal to one foot vertical
;
puddle wall or

core inside of bank sixteen feet at a bottom
and four feet at top, and 95 feet high

;
great-

est depth of puddle trench or foundation of

puddle wall below natural surface (JO feet

The upper 40 feet of the embankment on

both sides of the puddle wall, was composed
of " rubble" materials by no means water-

tight. The construction of the embankment
was by railway wagons and carts, with tips,

in layers three to five feet high, not saturated

with water during the process, nor otherwise

solidified. The materials were not of a good
character for the construction of a water-

tight embankment ; aud the mode of depos-

iting and working it was objectionable. Two
lines of cast iron discharge pipes eighteen

inches diameter and 1^ inches thickness,

were laid under the embankment at a point

85 feet below its top. These were the only

pipes in the reservoir.

The puddle trench descended various

depths to the natural rock, or below it to

impervious strata. Sinking the puddle
trench was a tedious and costly affair. The
springs in the strata through which it was
sunk were so copious as to keep two steam
pumps at work for two years, day and night.

The waters of the river and of floods dur-

ing this time, were diverted by a catch-water

reservoir, and artificial channel on the side

of the valley, to intercept and turn them
from the excavation. This catch-water was

afterwards broken by a freshet, which filled

the reservoir to a depth of 50 feet in two
days. An extreme flood on the area of

4,300 acres, draining into the reservoir

would give a volume of 800 cubic feet per
second

; two pipes of eighteen inches diame-
ter, 500 feet long, under a head of 90 feet,

would discharge 84 feet per second from it.

In extreme floods 30,000 cubic feet of

water per minute, would flow into the res-

ervoir ; while both drain pipes and the

waste-weir working free, would discharge

but 19,000 cubic feet per minute ; leaving a

surplus of accumulated water of 11,000 cubic

feet per minute, to threaten disaster. When
the breach occurred at half past eleven, on

the night of 11th March, 1864, the reser-

voir was full and a storm prevailing. The
contents were discharged through the breach

in half an hour, without any previous warning;

passing down the valley at the speed of 18

miles per hour and sweeping all before them.

Cause op the Failure.—The two dis-

charges pipes were laid in a cross trench,

passing under the embankment and o:.diquely

through the main puddle wall, at a depth of

about 85 feet below its top, and at a point

where the puddle trench was 30 feet deep

below them. They rested in a puddle trench

some 30 feet deep at the lowest point under

the middle of bank, and were laid in puddle
only. They were laid in a manner to almost

insure destruction.

The puddle wall was too thin for a work of

that magnitude. The material placed on

each side of the puddle wall was of too porous

a character, and much of it was tipped from
railroad wagons, (directly into the embank-
ment and not afterwards distributed), which

is the most objectionable manner of con-

structing a water-tight embankment.
The objectionable mode of laying the out-

let pipes, most probably fractured the pud-

dle wall at the point of crossing ; the loose

state of the materials at the top of the bank
let in the water ; as the water rose in the

reservoir, it most probably found it way
down inside the puddle wall to the fracture

above the outlet pipes, and hence the

destruction.

Conclusions of the English Engin-
eers.—Cast iron pipes should never be laid

under such conditions as these. A culvert

of masonry with an inner valve well, should

have been provided. This culvert should

have been on solid ground in the side of the

valley, free from the loose earth of the em-
bankment. Mr. Jackson, civil engineer,

called in as an expert, said that he knew of

a number of cases where pipes have been

fractured, but of no grand disaster like this,

of fractured pipes. He has laid pipes for

twenty years, but would never again lay

pipes under an embankment in any tvay,

although engineers have done so from Tel-

ford's time down to this day.
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The manner is which the bank was made
is condemned. The layers should Dot have

been over two feet thick, and should have

been spread and consolidated with carts.

The best clay puddle should not be trusted

at less than one foot of thickness for each

three feet of height of water. So that for an

embankment 96 feet high, the puddle wall

at the base should be 32 feet thick. At
Bradfield embankment the puddle at the

ground line was but sixteen feet in thick-

ness, or one-half the strength required for

safety. No puddle wall should be placed

between masses of porous earth, but should

be backed up on both sides with at least

its own thickness of well selected materials,

so as to prevent direct pressure from water

on the inside, or any consequent cracking

on the outside. The sinking of loose mate-

rials of earth on each side of a puddle wall

may do mischief, unless such settlement takes

place equally, evenly and slowly. A puddle

wall should be wetted, worked and tempered

into proper consistency. If the material on

each side is not of the same sort and con-

sistency, and does not set or build with the

puddle, the bank is liable to injury.

If a deep trench continues to produce

water, such water will soften the puddle and

cause fracture of the puddle wall. Springs

in the side of a puddle trench will inevita-

aly waste and wash such puddle, unless

special means are provided to divert the

water. Undisturbed strata may bear and
resist water safely—when, if broken and

disturbed by deep sinking and heavy con-

tinued pumping for the formation of a pud-

dle trench, the whole strata may be so rup-

tured, washed and disturbed as never again

to become sound. A perfectly homogeneous
bank on a stable substratum is alone safe. A
puddle wall may be "a delusion and a snare."

Conclusions of the American En-
gineers, on Puddling.—It is a matter of

much surprise to any one not trained and
elucated in the English school of Hydraulic
Engineers, to find so little improvement has

been made in that country for the last hun-
dred years in the mode of preparing and
applying puddle material. The English
adhere tenaciously, and often blindly, to

old customs and to the practice of early and
eminent engineers. The evidence taken
before the coroner's jury shows that errors

in plan and construction have been followed
from Telford down to the present day

—

errors now admitted to be plain, though
heretofore undiscovered.

Vol. I.—No. 3.—19.

The early English engineers used "cut
puddling," called so from layers of clay cut

out of carefully selected material by the

spade and packed carefully in the puddle

wall as carried up with wetting, but not

thorough saturation, to bind the material

into one mass. The method of puddling by
throwing materials into water, or by flooding

the material already placed, called " flood

puddling," originated in the United States,

and was probably used first on the Baltimore

Water Works, or, if used in England it was
unknown to American engineers. Its ad-

vantages have been so manifest in practice

that in our opinion it is immeasurably supe-

rior to all other methods, and should be

adopted to the exclusion of old processes.

When we reflect that water exerts an agency

everywhere in causing loose earth to take a

compact form in our fields, roads and com-
mon embankments, it needs no labored ar-

gument to prove that there is no process

which can so soon and so effectually bring a

reservoir embankment to the required condi-

tion of homogenous compactness. It must all

be alike in consistency, without any part

subjected to the risk of being left dry and
porous, to subside unevenly.

The Druid Lake Works.—The Dru :d
Hill Reservoir is made in a dry ravine, with

an area of less than 100 acres to gather floods.

It will have a bank of 60 feet width on top,

with an exterior slope of 2 to 1, and an inte-

rior slope of 4 to 1, giving a thickness at base

of 650 feet. The embankment has a puddle

wall of 95 feet extreme height above natural

surface, or 119 feet above the lowest founda-

tion of puddle trench ; a thickness at top of 17

feet and 36 feet at bottom. The firm deposits

of ages from the hills of Druid Park collected

in the ravine, are mixtures of clay and gravel,

constituting an impervious stratum,which was

properly left undisturbed in the construction

of the reservoir, except to remove vegetable

matter, &c, to about one foot in depth. Tho
puddle trench was but 12 feet in depth to

impervious strata of rock in the bottom of

the ravine, without any springs and but a

slight filtration of water, in fact, dry. The
formation of the embankment was from clay,-

earth and decomposed gneiss and disinteg-

rated granite, the gneiss supplying a pure clay

from decomposed feldspar, and gravel from

the quartz and mica happily blended, so as to

ensure impermeability by its adhesiveness,

and solidity by its compactness and specific

gravity.

As to the fracture of the pipes in these
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works, and proposed changes, the report

states : The first pipe fractured badly was the

drain pipe, discovered twelve months after

it was laid. In the fall of the same year

(1866), the three influent pipes were found

so badly injured as to render necessary their

abandonment from prudential motives. The
nature of the fractures were cracks at the

bell-ends and from end to end and across

the pipe, in some instances. These ruptures

were first discovered by finding at a point

just outside the embankment a small leakage

of water discolored with iron. The round-

ness of the pipes was in some cases destroyed.

Although these pipes were carefully laid in

the manner frequently adopted elsewhere,

yet four out of the seven have failed.

The engineers now consider the mode of

laying these pipes objectionable, and their

location under the bank injudicious. Pipes

laid anywhere should rest on a foundation of

perfectly uniform resistance, to preclude the

possibility of unequal settling, which must
fracture cast-iron. A perfectly solid basis

would seem to be safest. The error com-
mitted was in laying part of the length in

trenches and apart on piers. With so great

a height of embankment above them, subsid-

ing all the time, it could not be expected

that either the pressure of the bank or the

resistance of the foundations would be uni-

form. A slight difference in either would
fracture the pipes. Those pipes remaining
sound so far, must have had a uniform pres-

sure upon them, or have presented a uniform
resistance, so that no one part yielded more
than another. But as we now see from ex-

perience in England, it would have been
better to insert all the pipes in the reservoir

through solid ground above the embankment
and remotefrom the puddle wall.

This change, suggested by Mr. Wendell
Bollman, "will have to be made." The
cluster of four pipes is to be carried, through
solid ground at a level of 60 feet below the

contemplated high water lines of the reser-

voir, built on carefully prepared founda-

tions, and enclosed in stone and cement,
with several projecting collars of masonry to

check leakage and obstruct any flow of

water.* Each pipe is to be enclosed in a

brick culvert, fitting tightly its outer surface,

so that when in time the iron is destroyed
from any cause, the enclosing arch shall form
a permanent conduit in place of the pipe.

* See on this subject, Hon. Win. J. MeAlpine's
paper, Van Nostrand's Magazine, Vol. 1, No. 1, page

Ordnance Experiments—New Eng-
lish Board.—In view of the com-

plaints of inventors, the defenses of Ord-
nance Boards and officers, and the present

excitement on these questions among per-

sons interested in ordnance improvement,
no less in America than in England, the fol-

lowing, from the "Army and Navy Gazette"
will be of interest. For some time the

Ordnance Select Committee has ceased to

exist, and few will regret its demise. It

had many enemies, and was regarded with
suspicion even by those to whom it was most
favorable. It was confessedly an expensive
body in itself, and was the cause and origin

of much expense in experiments which were
often supposed to be instituted more with
a view to investigate the mathematical and
theoretical value of inventions, than their

practical utility to the service. Since the

Ordnance Select Committee received its

death-blow, the constitution of its successor

has been much discussed, and several at-

tempts have been made to arrange its com-
position. These have mostly proved abor-

tive, but we believe that the future tribunals

before which both inventors and inventions

will be arraigned have been practically

settled. The present committee which is

engaged in investigating Captain Moncrieff's

battery, and the proper emolument to be

conferred upon its designer, will probably

decide all broad questions of the same kind

in future. This committee is composed of

the Parliamentary Under-Secretary of State

for War, the Comptroller-in-Chief, the

Naval Director of Ordnance, the Director

of Works, the Director-General of Ord-
nance and the Assistant-Director ; and its

province is to decide broad questions and
general principles.

To carry out experiments and inquire into

details, either a special committee will be

assembled, as has been done in the case of

deciding upon the new breech-loading rifle,

and the armament of field artillery for India,

or, in less important cases, the matter will

be submitted to the consideration of a per-

manent committee of inventions. The com-

mittee of inventions will be for the present

composed of Colonel Milward, R.A., C.B. ;

Colonel Shaw, R.A.; Colonel Wray, B.A.
(late Bombay Artillery); Lieutenant-Colonel

Heyman, B.A. ; with Captain Harrison as

secretary. By this reorganisation of the

duties of the Ordnance Select Committee,

a great improvement will be probably effect-

ed, and great dissatisfaction will be remov-
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ed ; for there is no doubt that, justly or un-

justly, the late Ordnance Select Committee

was suspected by the outside world to be

composed too exclusively of officers of scien-

tific tendencies, interested in inventions, who
were not inclined to view with favor or even

impartiality, inventions which did not ori-

ginate among their own adherents. The

new Ordnance Board will, however, be far

above any such suspicion ; and, as its mem-
bers sit ex-oficio it is almost certain to re-

main so. A tribunal will thus be secured

which will be, if not always satisfactory to

inventors, open to no suspicion of favor,

partiality or affection, while the country

will find in it an adequate, completent and

inexpensive arbiter of what is requisite for its

necessities, as the members will receive no

additional emolument for their services in

this capacity.

The Holtoke Dam.—The dam across the

Connecticut River at Holyoke, Mass.,

having an unbroken length of upwards of

1,000 feet and with the water pouring over

it in a massive sheet with a fall of 30 feet,

has long constituted one of the most note-

worthy of the many objects of interest in

that portion of the country. The pictur-

esque aspect is, however, doomed to be

done away with, for the wear of the waters

upon the soft rock at the base of the dam
has hollowed it out to a depth of from six

to eight yards, thus endangering the founda-

tions of the structure and necessitating re-

pairs which amount practically to thorough

reconstruction, and which will change the

waterfall into swift rapids shooting clown an
artificial inclined plane.

The process of repair is now being carried

on with great energy, a portion 279 feet

long at the centre of the dam having been
already completed. For a distance of 50
feet down the stream, a series of timbers,

locked and framed one over another, have
been laid, and their interstices filled with
stone. These from the bed of the stream rise

to a height of twenty-five feet to the surface of

the water. From the front edge of the sub-

structure thus formed, the frame-work is con-

tinued with an inclined surface until it

reaches the crest of the dam 30 feet above.
This solid mass of stone and tmiber is

covered with square logs a foot in diameter,
and pinned fast to the timbers underneath

;

upon these are spiked maple planks four
inches thick, which make the covering for

the whole. The crest of the dam for a width

of five feet is designed to be covered with

three-sixteenths boiler-plate, of which not

less than sixteen tons will have been used
by the time the work is finished.

The portion or section of the dam of

which we have just spoken has alone requir-

ed about one million feet of lumber, eight

thousand square rods of stone, and fifteen

tons of bolts. The weight of the entire

structure is estimated at thirty-three tons.

The weight of that part of the dam is capa-

ble of resisting about four times the ordinary

pressure of the water upon it.

—

American
Artisan.

James Chalmers.—If the inventor of the

best system of armor plating, could have

enjoyed, while he was toiling for a trial of

his scheme, a little more of that good Eng-
lish feeling and appreciation that the Lon-
don newspapers are bestowing now that he

is dead, it would have been better for all

concerned. The system of backing armor
plates by a cell-work of thin wrought iron

plates, first introduced by Mr. Chalmers,

has been improved only in size and detail, and
is now the principle upon which every suc-

cessful target is constructed. Mr. Chalmers'

first target was not constructed at Govern-

ment expenoe, but at the expense of Sir S.

M. Peto. After its successful trial, says the
" Army and Navy Gazette :

" Mr. Chalmers
suffered the mortification of seeing many of

the essentials of his inventions copied and
embodied in the recent additions to the

Navy, without either acknowledgment or

compensation ; and, notwithstanding all his

endeavors, he was never able, till lately, to

prevail on the Government to get another

target built embodying his invention, to be

tried against a Government one of the same
size and weight of metal. In this, careworn

and wearied by official obstructions and de-

lays, his naturally strong constitution gave

way, and during the last eighteen months
his health had been far from good, till at

last he died on the 26th of December, at his

residence in London.

Mr. Chalmers was also the author of a

scheme of sunken channel railwaj^, between

England and France. His plan was, to

have a tube of boiler plate, lined with

brick, laid on the bottom of the sea, with

ventilating towers at intervals ; and the

pamphlet which h^ published on the subject

attracted general attention, and no small

amount of criticism at the time.
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FOSTER'S RAIL JOINT. Now that the subject of maintaining
the continuity of rails, is receiving gene-
ral attention iu this countr}', we shall

publish from time to time, the particulars

and results of such new devices as have
been well tested, or are obviously practi-

cable.

The joint fastening shown in the cuts, is

the invention of Mr. Foster, Superintend-

ent of the Logansport, Peoria and Bur-
lington railway. It has grown out of his

observation of the remarkable wear of

several pieces of track which had to be

laid in a peculiar manner owing to local

causes ; the rails were practically sand-

wiched at the joints, and have outworn
several similar rails laid in the common
manner. About ten tons of these joints

have been under practical test during two
years past on the road mentioned, also

on the Chicago and Great Eastern, upon
tracks used in common by the several

roads centering at Logansport, also upon
sidings where a large amount of shifting

is done ; locomotives run over the joints

200 to 800 times per day. The results

are extremely satisfactory, when compared
with all forms of chairs ; the report does

not state, however, whether it has been
compared with the best of the modern
fastenings. The lateral as well as the

vertical continuity of the track is well

preserved. A great saving in repairs is

clearly shown. No stops, 0, have been
placed upon the wedges, but out of the

whole ten tons, but two have got loose.

Experiments have shown that the joint

has less deflection under a passing load

than the solid rail.

The most economical and effective form
of splice, when the rail is suitably shaped,

is the fish bar between the head and flange.

How to keep the fish bar tight, has taxed

the ingenuity of inventors for some twenty

years. In this case, it is held up to the

rail by an oak wedge, W, bearing upon
the whole face of the fish bar, and hence

not likely either to mash or to slip. With
a rail of the form shown (in distinction

from the low "pear head"), and a stiff

clamp, C, the fish is certain to remain

tightly wedged between the tables of the

rail, and to be fully utilized. The lip of

the clamp C is also wedged tightly upon
the flange of the rail by the same wedge
that secures the fish plate, thus realizing

in some degree the advantage of the new
Reeves' joint, which is a tight clamp upon
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the flanges of the rail. The clamp C and the

wooden longitudinal B also add a considera-

ble resistance to deflection ; but the chief

office of the longitudinal is to form a back-

ing for the wedge. The joint is suspended

between two sleepers, thus giving ample

elasticity, and also preventing the " creep-

ing" of the track. Ths wood (oak) is sea-

soned, soaked in oil, planed, and carefully

adjusted.

The best feature of this joint is the secu-

rity of the fastening—the long wedge will

not slip, though it may be readily set up

;

and its strength is a simple question of size of

wedge and longitudinal. The joint is adapted

to every form of rail, and may thus improve

tracks that cannot be fished to advantage.

It is well adapted to steel rails, because it

requires no nicking or punching of the rails,

either to prevent " creeping" or to hold the

fish bar in place.

Iron Architecture.—From a historical

article on this subject in " Engineering,"

we gather the following facts : In 1783
Robert Ransome patented the application of

cast iron, variously ornamented, to roofs.

Twenty-five years later, Ralph Dodd ob-

tained a patent for applications of iron to

floors and to ship work, including hollow

columns. Several patents followed for the

substitution of iron for timber work. In

1S11 Thomas Pearsall patented the use of

iron skeletons—standards, joists, &c.—to be

filled in with brick work. Ten years later

iron beams were first employed for fire-proof

floors, at a cotton mill in Manchester. In

1834 Pearsall's iron skeleton, covered with

iron sheets, was applied in the erection of a

gas works in London ; and in 184:2 Messrs.

Laycock, of Manchester, constructed an iron

palace, fifty feet by thirty feet, and three

stories high, for the King of Eyamba, on

the Calabar river. About this time Messrs.

Gussell were making iron buildings for erec-

tion abroad ; iron frames and corrugated

sheet-iron covering, and shortly afterwards,

the manufacture of portable iron houses

largely increased. In 1845, Mr. W. Vose
Pickett formed a company to erect iron

buildings, and was the first to advocate the

use of the cellular form of construction, and
the ornamentation of pannels to resemble
stone. But with the exception of the Great
Exhibition buildings of 1851 and 1862, and
a few large structures for special purposes,

and some mere sheds without ornament, the

use of iron for building— for street archi-

tecture—has been singularly neglected in

England.
In the United States, on the contrary,

thousands of iron structures have been erect-

ed, and such is their design that iron facades

can hardly be distinguished from stone. The
first of these buildings was put up by Dan-
iel D Badger, of New York, in 1842. In

the following year A. L. Johnson, of Balti-

more, introduced revolving iron shutters,

and by a combination of these with iron

posts, the lower stories of commercial build-

ings came to be generally made of the new
material. About this time James Bogar-

dus, of New York, was working succesfully

in the same direction, and in 1847 he erect-

ed his lofty iron factory, which was subse-

quently taken down and re-erected, on ac-

count of the widening of a street. The
Architectural Iron Works of New York and
other American cities, are now very numer»-

ous, one of the latest and most prosperous

being a branch of the Novelty Iron Works.
Some 150 iron buildings appear in Broad-
way, and the use of this material appears to

be largely increasing.

The
I tr

Leavenworth Bridge.—A con-
tract for the construction of a bridge

over the Kansas river at Leavenworth, has
been definitely concluded with that eminent
bridge builder. L. B. Boomer, Esq. The
bridge is to be completed for both railway

and highway traffic in twelve months, at a
cost of three-quarters of a million of dol-

lars. The main bridge will consist either

of three spans of 340 feet each, or four

spans of 258 feet each, the superstructure

to be of iron, upon the plan known as the
" Post's Patent Inflexible Truss." The west
abutment will be of first-class masonry; the

rest of the substructure of cast iron pneuma-
tic piles or cylinders, each 8-g feet in dia-

meter, to be driven to the rock (about 60
feet below low water mark,) and carried up
to the bridge seat, the whole height from
rock to bridge seat being about 135 feet.

These columns are to be filled with cement
and will be thoroughly braced to each other,

and each pier will have an iron ice-breaker

supported by another cylinder driven to the
rock and brought up to low water mark.
The approaches (about 4,000 feet long,) are

to be built of wooden trestles.

—

Chicago
Railway Review.
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EXPERIMENTAL RESEARCHES ON THE
MECHANICAL PROPERTIES OE STEEL.

By Wm. Fairbairn, L.L.D., F.R.S., &c.

From the " Quarterly Journal of Science. "

The present may be justly considered

the age of iron, as in every branch of in-

dustry where force, form, and motion are

required, iron enters largely into construc-

tion, and its powers of application have sup-

planted almost every other material. It

presents wonderful facilities in its adaptation

to every description of art, whether of the

useful or decorative style ; and its improved

tenacity, elasticity and ductility have en-

larged its field of usefulness in the construc-

tion of buildings, ships, steam-engines,

bridges, and machinery of all sorts where

strength combined with lightness is required.

To this powerful and valuable material we
are indebted for railways, locomotives, and

rolling stock ; and there is no branch of

manufacture in which it does not form a

whole or a prominent part. Possessed of

such a material in its cheapest and best forms,

we should be deficient in duty if we left it

in the rude state in which it was found in

the days of Cort and his immediate succes-

sors. That great improvements have been

effected of late years does not admit of doubt,

and there is probably no material that has

undergone greater changes in its manufac-

ture than iron ; and judging from the at-

tempts that are now making, and have been

made, to improve its quality and to enlarge

its sphere of application, we may reasona-

bly conclude that it is destined to attain still

greater advances in its chemical and me-
chanical properties. The earliest improve-

ments in the process of the manufacture of

iron may be attributed to Cort, who intro-

duced the process of boiling and puddling in

the reverberatory furnace, and those of more
recent date to Bessemer, who first used a

separate vessel for the reduction of the met-

als, and thus effected more important changes

in the manufacture of iron and steel than

had been introduced at any former period

in metallurgic history. To the latter sys-

tem we owe most of the improvements that

have taken place ; for by the comparatively

new and interesting process of burning out

the carbon in a separate vessel, almost every

description of steel and refined iron may be

produced. The same results may be obtain-

ed by the puddling-furnace, but not to the

same extent, since the artificial blast of the

Bessemer principle acts with much greater

force in depriving the metal of its carbon,

and in reducing it to the state of refined

iron. By this new process increased facili-

ties are afforded for attaining new combina-
tions, by the introduction of measured quan-

tities of carbon into the converting vessel,

and this may be so regulated as to form steel

or iron of the homogeneous state, of any
known quality.

The production of iron and steel in the

homogeneous state is one of the most impor-

tant improvements that has taken place since

the process of rolling direct from the rever-

beratory furnace. The former process was
first to melt the iron as it came from the

smelting-furnace in the shape of pigs, to pud-

dle it or to stir it about until the mass took the

form of a ball deprived of its carbon ; it was
then placed under the hammer, and formed
into slabs or ingots The next process was to

roll it into bars, which being cut into short

pieces, were again heated and rolled either

into plates or bars as required.

Now the great defect of this process was
the unsound state of the iron, as the least

rust or scoriae on the surface of the piled

bars prevented the welding or fusion of the

metals, and hence followed what are called

blistered plates, or laminated bars of un-

sound construction.

The new process, it will be observed, ob-

viates all these difficulties, as in the Bes-

semer process the melted iron is deprived of

its carbon by the action of an artificial blast

—

the same as formerly prevailed on the hearth

of the refinery—and thence it is cast into

ingots of the weight required, either for the

hammer or the rolls. From this it will be

seen that the risk of piling and welding is

entirely dispensed with, and the article pro-

duced, whether of iron or steel, is perfect in

its homogeneity. It may be of good or in-

ferior quality, hard or soft, but by this pro-

cess it is free from the risk of being unsound
in its homogeneous state.

As regards the steel, of which we have to

submit the results, as produced by the princi-

pal manuiacturers of this country, it will be

observed that in making steel from the pud-

dling-furnace, similar combinations may be

produced, but with less certainty as regards

quality, as everything depends on the skill

of the operator in closing the furnace at the

precise moment of time, before the mass is

deprived of its carbon. This precaution is

necessary in order to retain the exact quan-

tity of carbon in the puddled ball, so as to

produce by combination the requisite quality
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of steel. It will be observed that in the

Bessemer process this uncertainty does not

exist, as the whole of the carbon is volatiliz-

ed or burnt out in the first instance ; and

by pouring into the vessel a certain quanti-

ty of crude metal containing carbon, any

percentage of that element may be obtained

in combination with the iron, possessing

qualities best adapted to the varied forms of

construction to which it may be applied.

Thus the Bessemer process is not only more
perfect in itself, but admits of a greater de-

gree of certainty in the results than coull

possibly be attained by the mere employ-

ment of the eyes and hands of the most ex-

perienced puddler. Thus it appears that

the Bessemer process enables us to manu-
facture steel with any given proportion

of carbon, or other eligible clement, and
thus to describe the compound metal in

terms of its chemical constituents.

Important changes have been made since

Mr. Bessemer first announced his new prin-

ciple of conversion, and the results obtained

from various quarters bid fair to establish a

new epoch in metallurgic manipulation, by
the production of a material of much greater

general value than that which was produced

by the old process, and in most cases of

double the strength of iron.

These improvements are not exclusively

confined to the Bessemer process, for a great

variety of processes are now in opera-

tion producing the same results, and hence

we have now in the market homogeneous and
every other description of iron, inclusive of

steel, of such density, ductility, etc., as to

meet all the requirements of the varied forms

of construction.

The chemical properties of these different

kinds of steel have been satisfactorily es-

tablished ; but we have no reliable knowledge
of the mechanical properties of the different

descriptions of homogeneous iron and steel

that are now being produced. To supply

this desideratum, I have endeavored, by a

series of elaborate experiments, to determine
the comparative values of the different kinds

of steel, as regards their powers of resistance

to transverse, tensile, and compressive strain.

These experiments have been instituted

not only for those engaged in the construc-

tive arts, but also to enable the engineer to

make selections of the material as will be3t

suit his purpose in any work proposed. In
order to arrive at correct results, I have
applied to the first houses for the specimens
experimented upon, and judging from the

results of these experiments, I venture to

hope that new and important data have been
obtained, which may safely be relied upon
in the selection of the material for the dif-

ferent forms of construction.

For several years past, attempts have been
made to substitute steel for iron, on account
of its superior tenacity in the construction
of ships, boilers, bridges, etc. ; and there
can be no doubt as to the desirability of
employing a material of the same weight
and of double the strength, provided it can
at all times be relied upon. Some difficul-

ties, however, exist, and until they are re-

moved it would not be safe to make the
transfer from iron to steel. These difficulties

may be summed up in a few words, viz : the
want of uniformity in the manufacture, in

cases of rolled plates and other articles,

which require perfect resemblance in char-
acter, and the uncertainty which pervades
its production. Time and a close observa-
tion of facts in connection with the different

processes will, however, surmount these dif-

ficulties, and will enable the manufacturer
to produce steel in all its varieties with the
same certainty as he formerly attained in
the manufacture of iron.

In the selection of the different specimens
of steel, I have endeavored to obtain such
information about the ores, fuel and process
of manufacture as the parties supplying the
specimens were disposed to furnish. To a
series of questions, answers were, in most
cases, cheerfully given, the particulars of
which will be found in the experimental
tables, published in the Transactions of the
British Association for 1867.

I have intimated that the specimens have
been submitted to transverse, tensile, and
compressive strain, and the summaries of
results will indicate the uses to which the
different specimens may be applied. Table
I. gives for each specimen the modulus of
elasticity, and the modulus of resistance to
impact, together with the deflection for unity
of pressure ; from these experimental data
the engineer and architect may select the steel

possessing the actual quality required for any
particular structure. This will be found es"-

pecially requisite in the construction of
boilers, ships, bridges, and other structures
subjected to severe strains, where safety,

strength, and economy should be kept in
view.

In the case of transverse strain some dif

Acuities presented themselves in the cours
of the experiments, arising from the ductil



272 VAN NOSTRAND'S ENGINEERING MAGAZINE.

. nature of some part of the material, and

.from its tendency to bend or deflect to a con-

siderable depth without fracture.

But this is always the case with tough

bars, whether of iron or steel, and hence the

necessity of fixing upon some unit of mea-

•sure of the deflections, in order to compare

the flexibility of the bars with one another,

and from the mean value of this unit of de-

flection, to obtain a mean value of the

modulus of elasticity (E) for the different

bars. This unit or measure of flexibility

given in the table, is the mean value all

the deflections corresponding to unity of

pressure and section. In order to determine

•tbe resistance of the bars to a force analo-

gous to that of impact, the work in deflecting

each bar up to its limit of elasticity has

been calculated. These results differ con-

siderably from each other, showing the dif-

ferent degree of hardness, ductility, etc., of

the material of which the bars are composed.

The transverse strength of the different bars

up to their limit of elasticity is shown by

the amount of the modulus of strength or

the unit of strength calculated for each bar.

Table II, on Tensile Strain, gives the

breaking-strain of each bar per square inch

of section, and the corresponding elongation

of the bar per unit of length, together with

the ultimate resistance of each bar to a force

analogous to that of impact.

Table III, on Compression, gives the

force per square inch of section requisite to

crush short columns of the different speci-

mens, with the corresponding compression

of the column per unit of length, together

with the work expended in producing this

compression.

It will be observed from the following

tables that the results of the experiments

show that the deflections produced by a

transverse strain are in proportion to the

pressures within the limits of elasticity.
_

- In Table I, as in the other two on tension

and compression,the value of the work done on

each specimen has been determined, and the

results recorded in the last column indicate

the comparative strength of each particular

bar ; and the mean value of the deflections

corresponding to unity of pressure and section

will be found in column 3. These may_ be

taken as the measure of flexibility, elasticity,

and ductility of the different bars, and the

uses to which the material may be applied.

The mean value of E, the modulus of

elasticity taken for thirty of the best speci-

mens, is about 31,000,000, which exceeds

that of wrought iron by more than the thir-

tieth part. Steel having a much greater

flexibility than malleable iron, accounts for

the approximation of their respective values

in I). This ai-ises from the fact that the

bars of the greatest flexibility—other things

being the same—have the least value for the

modulus of elasticity.

On tensile strain the mean result derived

from thirty of the best specimens is 47.7

tons, or nearly 48 tons per square inch ; and
in this, as in the previous table, the mea-
sure of ductility and strength is given in

the last column, which indicates the ultility

of the material and the purposes for which
it may be selected.

Comparing the best quality of steel with

the best wrought iron at 24 tons as the

breaking-weight per square inch, we find that

we have a material of double the strength

with the same weight, or what is the same
thing, of only half the weight with the same
same strength, or as 47.7 to 24. In the

art of construction these are considerations

of great importance ; and in every case

where steel can be depended upon, it is en-

titled, on the score of economy and light-

ness, to the judgement and practical know-
ledge of the architect and engineer.

In Table III, on compression, each of

the specimens were reduced, when cut from
the bars previously experimented upon, to

small columns of | inch diameter and 1 inch

in height. They were each loaded with
weights equal to 100 tons per square inch,

without undergoing any sensible appearance
of fracture. On consulting the table it will

be found that with the above weight of 100
tons per square inch they were compressed,

on the average, to two-thirds their original

length ; and from these facts we were enabled
to find the value of u, recorded in the last

column, as the value of work done by the load

which produced the change of form in each of

the specimens submitted to pressure. This, it

will be observed, was the true test of the

powers of resistance of the respective speci-

mens to a compressive strain, and the con-

ditions under which materials of similar

properties may be safely applied in construc-

tive art.

On comparing the mean tensile resistance

to rupture at 47.7 tons per square inch, it

will be seen that the resistance to compres-

sion is more than double the resistance to

extension, or as 100.7 to 47.47, being in the

ratio of near 2 : 1. Hence it follows that

the most economic form of a steel bar un-
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Comparison of Steel Manufactured after the Bessemer Process wren that Manufac-
tured by other Processes.

Tarle I.

—

Transverse Strain on Inch-square Bars, and 4 ft. 6 in. Between the Supports.

MANUFACTURER.

Messrs. J. Brown & Co...

Messrs. C. Cammell&Co

Ms ssrs H. Bessemer & Co
The Haematite Steel and
Iron Company

Description of

steel.

Mean.

Bessemer steel,

Bessemer steel,

Bessemer steel,

Bessemer steel,

ft 5 S

eJ « = o
>-* >,g
C — _

•0012739

•0013518

•0016684

0014590

Messrs. Naylor, Vickers
& Co

Messrs. S. Osborn & Co..
Messrs. C. Sanderson &

Brothers

Messrs. T. Turton &, Sons,

The Titanic Steel and
Iron Company

Mean.

Melted in the
crucible

Melted in the
crucible

Melted in the
crucible

Melted in the
crucible

Mushet's steel,

0014382

•0013007

•0014296

.0013209

•0013120
•0012350

So &»

^ 9 'o

30,730,000

29,166,000

29,813,000

27,153,000

29,215,000

30,278,000

27,482,000

29,973,000

30,294,000
31,901.000

0013196 30,042,000

52-721

59-897

49-489

26-463

— >\ a

65-049

52-574

47-411

52-680
63-542

56-251

Tons.
5-918

5-921

5-659

3-914

47-142 5-283

6.548

5-622

5-521

5-886
6-435

Remarks.

Mean breaking weight,
1,000 lbs.

Mean breaking weight,
950 lbs.

Mean breaking weight,
975 lbs.

Soft steel.

6-0O2

Mean breaking weight,
1,250 lbs.

Mean breaking weight,
1,250 lbs.

Mean breaking weight,
1,200 lbs.

Table II.

—

Tensile Strain on Bars 1 inch Diameter—Elongations Taken on 8 in. Length.

MANUFACTURER. Description of steel. u
to

a,
VI

Mean

weight

laid

on

in

lbs.

produc-

ing

rupture.

Mean breaking
strain per square
inch of section.

C J3
O +*

§0.2
C ^
S o

is

value

of

u,

or

produc'grup-

By

eq.

13.

Lbs. Tons. Moan
work

tine.

Messrs. J. Brown & Co..
Messrs. Cammell and Co.
Messrs. Bessemer & Co. .

.

The Haematite Steel and
Bessemer steel

7-7665
7-8119
7-7726

7-7951

33-603
34-085
38-189

33-321

90,379
101,132
89,955

72,195

40-35
45-H
40-15

32-22

•0460
-0595

•0753

•0942

2002
2714
3212

3351

7-7891 34-299

39-449

44- ia

39-592
39-295

37-179

88,415 39-46 •0682

•0372

•0341

.0229
•0165

•0551

2819

Melted in the crucible,

Melted in the crucible,

Melted in the crucible,

Melted in the crucible,

Messrs. Naylor, Yickers

Messrs. S. Osborn <fc Co..
Messrs. C. Sanderson &

7-8198
7-7758

7-7563
7-7990

7-7883

108,099
103,214

95,553
93,380

93,616

48-25
46-07

42 65
41-61

41-79

1827
1S42

1566
Messrs. T. Turton & Sons,
The Titanic Steel and

807

2413

7-7S78 39,923 98,772 44-07 •0327 1691
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Comparison of Steel—Continued.

Table III.

—

Compressive Strain on Specimens I in. Diameter and 1 in. in Length.

MANUFACTURER.

Messrs. J. Brown & Co
Messrs. C. Cammell & Co
Messrs. H. Bessemer & Co
The Haematite Steel and Iron Co...

Mean.

Messrs. Naylor, Vickers & Co
Messrs. S. Osborn & Co
Messrs. C. Sanderson & Brothers....

Messrs. T. Turton & Sons
The Titanic Steel and Iron Company,

Mean.

Description of steel.

Bessemer steel.

Bessemer steel.

Bessemer steel.

Bessemer stlel.

£S

91,840
91,840
91,840
91,840

91,840

Melted in the crucible,! 91,840
Melted in the crucible, | 91,840
Melted in the crucible,! 91,840
Melted in the crucible,! 91,840
Mushefs steel. 91,840

91,840

Greatest weight
laid on per square
inch of section.

Lbs.

225,568
225,568
225,508
225,568

225,568

225,668
225,568
225,568
225,568
225,568

Tons.

100-700
100-700
100-700
100-700

100-700

100-700
100-700
100-700
100-700
100-700

225,568 100-700

•347

•339

•379

•445

•377

•2S6
•267

•328
•398

•315

•318

P.

39,101
38,232
42,720
50,207

42,981

32,300
30,014
36,906
29,254
35,551

32,805

dergoing a transverse strain would be a bar

with double flanges, having the area of the

top flange about one-half that of the bottom.

This conclusion is borne out by the results

of experiments on transverse strain, where

Sj, the strain per square inch of the ma-
terial at the elastic limit, — 6 C — 6 X
6.83 tons rr: 40.98, or 41 tons nearly ; but

the mean breaking-strain per square inch by
extension = 47.7 tons, clearly indicates that

the compressive resistance in the former case

was considerably in excess of the tensile re-

sistance.

It is important in every experiment on

the strength of materials, which enters so

largely into constructive art, that we should

be thoroughly acquainted with the proper-

ties of the material of which the structure

is composed, and that its resistance in all

the different forms of strain should be clear-

ly and distinctly ascertained. In the fore-

going experiments we have determined the

resisting powers of the different specimens

to bending, tension, and compression ; but

we have omitted that of torsion, or twisting,

until we have an opportunity of doing so

upon the same identical bars. These I hope

to accomplish at some future period, and

also to give some further results upon an

enlarged scale, calculated to confirm what
has already been done, and to ascertain some
additional facts in regard to the changes now
in progress in the manufacture of Iron and

Steel.

THE PNEUMATIC DESPATCH.
This thoroughly practical, speedy and

cheap means of transporting parcels, if not

passengers, having been placed under a
temporary cloud by the financial difficulties

of the London Company that are building it

on the largest scale, is is about to be revived

and pushed to completion. Says " Engineer-

ing "
: Some five years ago the Pneumatic

Despatch Company commenced the construc-

tion of a line from Euston station to Holborn,
and thence to the General Post-office. The
first length, from Euston square to Holborn,

was completed in the autumn of 1865, and
in the October and November of that year

many experimental trains were despatched

through the tube with success. The experi-

mental working, however, lasted for a weeks
only, and eventually, pecuniary difficulties

arising, the works were closed. Things re-

mained in this state until a few weeks ago,

when arrangements were made to complete

the line. The length from the Euston station

to Holborn is 1| miles, while a short length

has also been laid from the Holborn station

eastward, and this latter length is now to be

extended to the General Post-office.

For the greater part of its length the line

consists of cast-iron tubes 4 ft. 6 in. wide by
4 ft. high, these tubes being made in 9 ft.

lengths, and the joints between them being

caulked with lead. Besides curves of mod-
erately large radius the line comprises a

curve of 170 ft. radius, at the corner of Drum-
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mond-street and the Hampstead-road, a

similar curve where the line turns eastward

at Broad-street, St. Giles's, and a curve of

70 ft. radius where it enters the Holborn

station. On these curves the tube is con-

structed of brickwork.

At the Holborn station are situated a pair

of horizontal engines with 24 in. cylinders

and 20 in. stroke, which work the fan 22 ft.

in diameter, by which the air is exhausted

from and forced into the tubes. The trains

will be drawn from the termini to the Hol-

born station by exhausting the air in the tube,

and foi-ced from the Holborn station to the

termini by the opposite process. The car-

riages, or trucks, are carried on four wheels,

and their ends are shaped so that they al-

most fit the tube, the slight clearance allowed

being partially closed by projecting strips of

sheet india-rubber. The suction main is con-

nected with each main tube at some distance

from the end, and the carriages, on passing

the mouth of the suction tube, have their

motion arrested by the cushion of air formed

between them and the doors, by which the

end of the main tube is closed. At the pro-

per moment these doors are opened by a self-

acting arrangement, allowing the train to

pass through. At the Holborn station the

ends of the two main tubes, the one from

Euston and the other (which is yet to be

completed) from the Post-office are situated

side by side, and a traverser is provided

by which the trucks can be rapidly trans-

ferred from the one tube to the other. It

is expected that the total time occupied in

the transit from the Euston station to the

Post-office will be about from 13 to 15
minutes ; the time occupied by the experi-

mental trains in running from Euston station

to Holborn being 7 minutes.

Of the progress of a similar work in New
York, the "New York Times" says that a

eompany of English capitalists, have obtained

a charter from the Legislature and have com-
menced to construct a pneumatic dispatch-

tube in the lower part of the City, for the con-

veyance of parcels and letters, and it might be,

passengers also. Mr. Moses Beach, the presi-

dent of the company, hired the basement of

the Messrs. Devlin's store, corner of Broad-
way and Murray-street, as a starting point

for the line, with the intention of carrying

it to the vicinity of the Nassau-street Post-

office. The work of tunneling beneath Broad-
way then begun, has been slowly but steadily

progressing, and will be pushed forward to

completion as soon as possible. The details

of the company have been carefully with-

held from the public, in order to avoid the
otherwise inevitable annoyance of injunc-

tions from stage-line proprietors and property-

owners on the route.

Vis Viva.—" With a double velocity the
moving (railway) train passes oyer double

the space each second, and therefore en-

counters twice as many points of resistance.

Moreover, it strikes each of these points

with double the velocity, and hence meets at

each point twice the resistance. It there-

fore meets, during a second, twice as many
points of resistance, and suffers at each
point twice as much resistance. The re-

sistance, during a second, is thus four times

as great as before, and must require four

times as much force to overcome it. In
order to obtain three times the velocity it

would be necessary to increase by nine times

the force ; and in general the force required

will be proportional to the square of the

velocity to be obtained. What is true of

the motion of the train of cars is true also

of the motion of a steamboat through the

water, and indeed of any motion on the sur-

face of the earth, since all such motions en-

counter resistance. Hence the work ac-

complished by a force is proportional, not to

the velocity, but to the square of the velocity,

which it imparts to the moving body."
(Cook's Chemical Physics, page 52.) Prof.

Cook continues, upon such a basis, to ex-

plain vis viva and momentum. Most of the

school-books on physics and natural philo-

sophy present the subject in a similar way,and
we have quoted from Cook's Chemical
Physics simply because it is a work
of the very highest repute for accuracy of

statement of facts and theories, and there-

fore cannot be objected to as a representa-

tive.

In our present judgment the statements

above quoted are not sustained by reason or

experience. It is very far, indeed, from true,

as a question of fact, that the power requir-

ed to maintain a train or a ship in uniform

motion varies as the square of the velocity

;

there is really no such mathematical rela-

tion, and there is no close approximation to

it ; moreover, the case of a ship is so differ-

ent from that of the train that many en-

gineers who strive to measure facts on a pro-

crustean bed of simple mathematical for-

mulae, represent that the power required to

drive a ship varies as the cube of the velo-
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city ; and no experienced engineer will say

that within ordinary limits of speed four

times as much power is ever required to

maintain ° train at double velocity. Pro-

fessor Cook indeed i-epresents that the re-

sistances in a double velocity are doubled at

each point, but this is surely an assumption,

and is not warranted by experience. The
resistances to a train in motion are mainly

friction, and the air to be pushed aside ; the

friction is nearly proportioned to space and
not to velocity, while a law of the resistance

of the air is practically indeterminable.

Now we have to suggest that the confusion

and mystery of the subject, at least so far

as the theory is concerned, are avoided by
considering the work done as the measure

of force or power. If we wish to determine

only the quantity of effective force con-

cerned in a movement, it is quite indepen-

dent of time or velocity; the raising a pound
of matter one foot implies always the same
amount of moving force, power, or actual

energy, whether it has occupied an instant

or an age. Double work imples double

power ; to grind two bushels of corn requires

twice the power to grind one. When resist-

ances to motion are uniform, the space gone

over measures the work and the power
irrespective of time and velocity. If in any
case the total quantity of resistance varies

with velocity, then the power to maintain

uniform motion will vary with the square of

the velocity ; but is there really such a case

in nature or in art ? A locomotive engine

makes a certain number of strokes (except-

ing the slip) per mile, whether moviug fast

or slow, which represent the same number
of cylinders full of steam, and, except for

the resistance of the air, the cost per mile

of running would be nearly the same for all

velocities.

It should be noted that we carefully dis-

tinguish the cases of maintaining a uniform

motion and the changing of velocity. In

case of regular change (acceleration or re-

tardation), as in the free fall of bodies by
gravity, the spaces gone over are a measure
of kinetic energy and vary with the square

of the velocity ; for example, to double the

acquired velocity requires quadruple the

power. It requires about four times the

space and four times the steam to attain from

rest a double velocity of a locomotive, but

when the velocity is attained we have done
with the ratio of the squares. The principle

of vis viva, as we understand it, applies only

to the changing of volocity.

—

Chemical News.

BREAKING IRON AND STEEL MASSES.
!
"Armengaud'sGenielndustrille'' through "Dingler's

I

Polyt. Journal." Translated by John B. Pearse.

Pieces of cast iron of considerable size

i are extremely difficult to break up, and
i necessitate colossal air furnaces in order to

melt them without breaking. The fol-

lowing method of breaking up large pieces

has been practiced successfully at the works

|

of Petin and Gaudet in Saint Chamond.

j

Powder is often used to divide large masses,

but aside from the necessary caution, its use

is difficult and it often does not accomplish
the desired effect. The following method,
invented by M. Montandon, manager of the

above works, is quite easy to apply, and not

at all dangerous. It consists in using the

force, which confined water exerts (when
struck), in every direction upon the mate-
rial in which it is enclosed.

A round hole two to three inches in diame-
ter and ten to twelve inches deep is bored in

the mass to be split ; this hole is then filled

with water and closed by a closely fitting

steel cylinder upon which the drop is allowed

to fall from the usual height. The mass is

thereby split into several pieces, as if by a

strong wedge with several faces. The water
cannot escape and its endeavor to do so

bursts the metal. In this way a plate roll

of 29<2 inches diameter was split, in presence

of the French editor, into four or five pieces,

which flew 20 to 30 feet away from the drop.

The hole must be hermetically closed and
in order to do this thoroughly it is necessary

to hollow out the base of the steel cylinder

into a cup shaped form, the edges of which
are driven against the walls of the hole by
the water in its efforts to get past. To allow

the air under the pin to escape, it is well to

file a small screw-shaped grooved on the lat-

ter, when it can be driven down quite easily.

A single blow of an ordinary drop usually

suffices to split off pieces of 30 to 36 inches in

diameter. A pin of good steel can be used

several times. This method is obviously

easier than the use of a large drop falling a

great distance and is much more certain in

its effects.

Sanitary Engineering.—In addition to

watering and draining towns, the engineer

is now called upon to provide fresh air ar-

tificially—to ventilate not only buildings,

but whole towns. This subject was men-
tioned by Dr. Rumsey, in a recent address

to the National Association for the promo-
tion of social science, in England.
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IRON AND STEEL NOTES.

INFLUENCE OF THE OXIDES OP CHROMIUM AND
Titanium ox the Composition of Pig Iron.—

Within the last four years we have been frequently
employed in chemical investigations of the altered

characters of some pig irons, which resulted appa-
rently under the usual circumstances in the reduction
of uniform ore. In these eases the amount of carbon
united with the iron had been diminished, without
the introduction of other matter in quantity suffi-

cient to influence a change in this connection, and
generally no variation in the composition of the ore

was known or suspected. We had analyzed the ores

in some of the beds in former years, and regarded
them as well adapted to the production of pig iron

of good quality; but, in pursuing the research, we
were convinced that the change in quality of iron
eould be traced to altered composition in the ore of
part of the beds used for supplying the furnaces.
The correctness of this view was confirmed by our

analyses of many iron ores, in some of which we
found the oxides of chromium or titanium, existing
where they were not indicated and connected with
the ore in beds which have been considered as pure
iron ores. Both the oxide of chromium and oxide of
titanium seem to act in the fnrnace or the crucible in

a way to withdraw a portion of the carbon, or prevent
that true union of carbon with a portion of the iron,
which constitutes gray pig iron, without the metals
of these oxides really alloying with the iron and thus
indicating the cause of change. We have analyzed
samples of pig iron where the alloys of chromium or
titanium existed in the pigs, and where the oxides
accompanied the ores in the beds, but we were not pre-
pared to find an influence exerted on the quality of
the pig metal without the refractory metals forming
apart of the composition.
The occurrence of oxide of magnese with iron ore

is common, and titanium compounds are often found
in both magnetic and brown iron ores, as insoluble
substances, in small proportions, and these compounds
eombine with and are removed by the fluxes without
injury to the pig metal. These compounds of tita-
nium are the cause of the often superb blue color of
the cinder, produced under varying conditions of
glassy or stony character, and must be carefully dis-
tinguished from those we regard as more detrimental
in their influence on the metal.
In a number of analyses of iron ores we had found

both oxide of chromium and oxide of titanium in a
state rendering them soluble in diluted acids, and in
a condition to escape detection in the ordinary modes
of analysis. Both magnetic and brown iron ores
have been found to contain either oxide of chromium
or oxide of titanium in this soluble state. Among
the samples from contiguous beds, this diversity in
composition made by the presence of some oxide of
chromium or oxide of titanium existed; and while
the bulk of a bed of ore was pure, continuations of
the bed, or associated ore, yielded notable weights
of oxide of chromium or oxide of titanium in the
different samples.
The suggestion we would make to the iron master

in view of these facts is, the possibility of the quality
ot the pig metals in anomalous cases being greatly
influenced by the admixture of some ore containing
the oxides of chromium or titanium, with the bas ; s

ore^ of good quality. This may take place by the
main bed being crossed by veins of mixed ore, or by
the workings passing into contiguous beds where one
kind of ore is used. In other cases, where the iron
master can gain the great advantage arising from
mixing ores, one of the kinds may contain the con-
taminating oxide3 and injure the iron.
We subjoin some results of analyses showing the

proportion of oxide of chromium to tho metallic iron
contained in the ore: 1st. Magnetic ore—iron, 49;

oxide of chromium, 1-40. 2d. Hematite ore—iron,
42-47; oxide of chromium, 1-60. 3d. Brown Massive
ore—iron, 64-32: oxide of chromium, 1-90. 4th.
Same—iron, 46-70; oxide of chromium, 1-04. More
traces have been discovered in some cases, while in
other instances a larger proportion of chromium
formed an alloy with the iron produced from the ore.
—Aug. A. and S. Dana Hayes, Assayers to State of
Massachusetts.—Railway Times.

MANUFACTURE OF IltON DlRECT FROM THE ORE.
—At the Ringgold Iron Company's Works, in

Pennsylvania, an improved process of manufacturing
wrought-iron, the invention of Mr. J. Jameson,
has for some time past been in successful operation.
The furnaces are somewhat of an oven-shape, having,
however, a stack from the top of about twenty feet
in height. A refining fire is in front, into which the
blast-pi|,es enter on the side. The gas that is evolv-
ed from the fuel passes into a chamber, where com-
bustion takes place, and thence the combustion of
the gases continues till above the fifth chamber it

passes (together with such deleterious qualities as
have been taken up from the ore in its progress)
through and out of the stack. The five chambers
are called in the Jameson patents the deoxidizing
chambers. The ores are calcined, then crushed, and
first placed in the top or fifth chamber. Into the
first and second chambers a small jet of steam is in-
jected, whereby hydrogen is generated for the purpose
of aiding in desulphurizing and dephosphorizing the
ores. The floor of the top chamber is a table made
of fire-clay blocks, with an opening at the end oppo-
site from the door or entrance through which the raw
ore is thrown in. On this table the ore is spread out,
and after being subjected to the operation of the
burning gases, it is then pushed down through the
opening at the end of the table opposite to the door
on to a like table in the chamber below, where it is

again spread out, and here it remains for a time and
in like manner passes on to the table of the third
chamber; there, after undergoing a like operation,
it is passed to the second chamber, thence it goes to

the bottom or the first chamber. Thus every parti-
cle of the ore is equally operated upon. By this time
the ore is almost a pulp, and then it is passed into the
charcoal bed and refining chamber. Here the loop is

socn formed, when it is taken out, and the hammer
soon presents you with a bloom of from 225 to 230
lbs. weight. It is well known that the blooms pro-
duced by the direct prooesses are of inferior quality,
whilst a very large quantity of ore and fuel is used
in their production. With the Jameson proeess
these difficulties are avoided—a ton of blooms being
produced with the same quantity of ore and fuel as
is now employed to make a ton of pig metal in the
blast furnaoe. The production is stated to be un-
failingly uniform.

—

Mining Journal.

(^astixg Steel, under High Pressure by
J means of gunpowder, is thus described by the

inventor: It is well known that oast steel run into
moulds is subject to blister and is otherwise porous,
which defect reduces considerably its toughness. In
order to give this metal its requisite tenacity it is

subsequently re-heated and then rolled or hammered.
As many articles, such as cannon, oannot be treated
in this manner, I have devised to submit them to a
high pressure whilst in a liquid state, enclosed in
their same moulds, maintained in iron flasks. For
this purpose, immediately after running a cannon, I
cover hermetically the head by a metallic cap, by
means of bolts or other devioes attached to the flask.

This cap is fitted in its center with a vertical pipe,
and provided with a oock at its lower extremity,
whilst its upper extremity is olosed by a washer
pressed by a bolt in such manner as to act as a safety

valve. Before attaching the cap 3 atj supposingj on<a
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inch from the surface of the liquid metal, I introduce
in the vertical pipe, and between the cock and the

washer, a charge of about one quarter of an ounce of

a powder, prepared in the proportions of eighty parts

of saltpetre and twenty parts of charcoal. On open-
ing the cock this powder falls on the metal, ignites

and engenders about one-third of a cubic foot of

gas at 3,000 Fahr. These gases exert on the liquid

metal a pressure which is transmitted throughout
the entire mass, thereby condensing the same and
expelling the blisters. The effect thus produced is

equivalent to the pressure of a head of liquid metal
ninety feet high, admitting that the capacity between
the cap and the surface of the metal contains thirty

cubic inches. By making the flasks sufficiently stroug,
the charges of the powder may be varied, so as to

produce by its ignition a uniform and general pres-
sure, which is preferable to the partial, irregular and
momentary action of a hammer.

IVTew Blowing Engines for the Wigant Coal
-Li and Iron Company.—These engines blow air

into ten blast furnaces, through a wrought iron tube
seven feet in diameter, the blast being delivered at a
pressure of about four pounds to the square inch.

Before entering the furnaces, the blast is heated to

from S00 to 1,000° Fahr. The furnaces have closed

tops, in the usual manner. To each furnace there
are four hot blast stoves. The present number of

boilers put down is ten, double-flued and ranged in

front of the engine house, which is a magnificent
structure, with a tower at least 100 feet in height.
The machinery is from the works of Messrs. Nasinyth,
Wilson & Co., of Manchester. There are three
engines, with six blast cylinders, and six high and
low pressure steam cylinders. The diameter of the
air cylinders is 100 inches; of the high-pressure
steam cylinders 45 inches; and of the low-pressure
steam cylinders 66 inches. The stroke of each engine
is 12 feet. All the steam c3Tlinders have steam
jackets; also the exhaust pipes between the high and
low pressure cylinders. The engine beams are 36

feet from center to center. Each pair of engines has
two blowing cylinders; each blowing cylinder is above
each steam cylinder. The engines being worked by
high and low pressure, the high cylinder is connected
with the low one by two side levers and beams, already
referred to. The working apparatus is in duplicate,

worked from one end, so that both cylinders are
worked by steam valve gear; this valve gear is

worked by an entirely new motion, patented by Mr.
Robert Wilson. The air to supply the blast is con-
veyed into the engine house through a tower and an
underground tunnel.

Iron and Steel Institute for Great Bri-
tain. — At the preliminary meeting of this or-

ganization lately held in London, Mr. Isaac L. Bell,

of Middleboro', in the chair, it was resolved to ask
the Duke of Devonshire to be the first president, 1st,

because Englishmen are very fond of having a noble-
man at their head; and, 2d, because the Duke, in

addition to having great possessions in mineral prop-
erty, is at the head of a concern which is amongst
the foremost and the most extensive of modern iron

and steel works in England.
The following subjects were suggested as proper for

the consideration of the Institute:
Iron Ores.—Details of newly discovered deposits of

iron ores; analyses of various English and foreign
ores; mode of occurrence ; cost of working; probable
extent of deposits; distribution of ores; ironstone
mining.

Blast Furnaces.—Calcining kilns; use of furnace
gases for calcining; blast furnaces—modes of con-
struction; best proportions of various classes of
minerals to be used; engineering arrangements;
blowing engines; hoists; utilization of furnace gases

and furnace slag; heating stoves; tuyeres; casting
arrangements; generation of steam; construction of
chimneys.

Conversion of Pig into Wrought Iron.—Improve-
ments to save expense of re-heating pig-iron;
improvements in puddling and heating furnaces;
fettling; mechanical puddling; simplification of
converting processes; methods of arranging forges
most effectively; utilization of waste heat from
furnaces; selection of materials for different classes

of finished iron ; mill work; arrangement of different

kinds of mills; details of manufacture of rails,

plates, bars; special sections; new application of
iron.

Foundry Work.—Special qualities of various kinds
of pigs; cupolas; improvements in melting furnaces,
and in arrangements for moulding with rapidity and
certainty; testing iron.

Steel.—Relative merits of various plans for the
production of steel; manipulation of cheaper brands
of iron for steel making; applications of steel.

Metallurgy.—Solution of numerous disputed points

in connection with the metallurgy of iron and steel;

verification of Bunsen's and Playfair's experiments;
improved methods of practical and expeditious analy-
ses of iron; purification of iron from deleterious ele-

ments; further examination of the properties of the
alloys of iron; influence of magnetism upon iron and
its alloys at various temperatures.

Miscellaneous.—Statistics of the position and de-
velopment of the iron and steel manufacture in this

and other countries; reports on special features of

foreign iron-fields and iron and steel works.

PHILADELPHIA AND READING RAILROAD COM-
PANY'S Rolling Mill. — This mill is eligibly

situated about two miles north of the Reading City
passenger station, at the point where the EastPenn-
sylvania railroad diverges from the main trunk. The
mill-house is 413 feet in length by 93 feet in width,
with a spacious wing projecting from one side. There
are twelve puddling furnaces, eight heating furnaces
and two re-heating furnaces. There are two trains

of 23-inch three-high rolls. The finishing train is

two-high. The rails rolled are of three weights

—

64 pounds, 62 pounds and 56 pounds per yard—for

use in localities according to character of traffic. The
rails contain about one-third part new iron.

The housings and bed-plates of the trains were
made by Matthews & Moore, of Philadelphia, and are
not only heavy and strong, but very accurately fit-

ted. This accuracy of workmanship, such as charac-
terizes the best marine engineering, is new, but
equally important in rolling mills, and is a feature

of Matthews & Moore's work to which we have
previously referred in speaking of their machinery
at the Pennsylvania Steel Works, and at the Abbott
Mill in Baltimore. The saw machinery of the Read-
ing mill is by the same builders. The engines are
by George W. Snyder, of Pottsville, the work being
surpervised by J. E. Wootten, Engineer of Machinery
for the P & R. R.R. Co. All the boilers, castings,

furnaces, &c, were made at the company's shops .in

Reading. The general plan, and the details of the
parts not otherwise specified above, were made by
Mr. W. E. C. Coxe, and the whole was erected under
his superintendence, and is run under his able man-
agement. The carrying out of Mr. Coxe's plans was
entrusted to Mr. Samuel Stroh, the present foreman
of the mill.

The capacity of the mill was recently tested as fol-

lows : During twelve hours, 92-£ tons (2,240 lbs.) of

rails (405 bars of 64-lb. rails) were produced from
eight heating furnaces; these were all heated a sec-

ond time after blooming in two re heating furnaces,
giving an average of 461; tons for each of the latter.

The product of the mill in January was 1,437 tons of

finished rails.
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GALVANISING IRON.— DRAWING OFF THE
Offensive Vatobs.—The application of zinc

with tin as a coating for iron, has become a most im-
portant manufacture in and about Birmingham. The
application of iron for every purpose of construction is

practically only limited by the difficulty of preserving

the surface from rust. No method has yet been adopted
which is at once so cheap, so effectual, and so endur-
ing as galvanizing, and the works in which that

process is carried on have very rapidly increased.

To galvanise iron it is immersed for a certain period

in an acid to cleanse the surface, after which it is

dipped into a bath containing zinc and tin melted.

In this salts of ammonia are thrown, which operates

on the metal as a solvent, and enables it to be more
evenly distributed over the surface. From this bath
is given off a dense, pungent, white-colored vapor,
which is heavy, and, especially in damp weather,
spreads and becomes offensive. Complaints have
been made of these vapors, and various plans have
been adopted for the purpose of preventing them from
passing into the atmosphere, but heretofore without
success. The Wolverhampton Corrugated Iron Com-
pany have adopted a plan which is found very effect-

ual. The top of the bath is surrounded by a flue

which forms a projecting lip, acd from this run one
or more iron pipes communicating with a powerful
fan. From the fan a large flue extends to an anneal-
ing furnace. The fan, by creating a vacuum in the

pipes, causes a strong current of air to pass over the

surface of the bath, which drives the vapor into the
furnace, where it is entirely consumed. Experi-
ments are in progress to condense the vapors so as to

utilize them, instead of consuming them in fires.

Cleveland Rolling Mill.—The works of this

company were first established in 1857 for the

manufacture of railway and merchants' bar-iron,

since which time their capacity has been constantly in-

creased. In 1859 the first blast furnace was built;

afterwards, in 1864, the mill of the Railroad Iron
Mill Company was bought aud furnished with new
machinery, and a second blast furnace erected. The
two furnaces are now making from 45 to 50 tons per
day, and the two rail mills have a capacity of 35,000
tons of rail per annum. The bar iron mill is capable
of making from 12,000 to 14,000 tons per year. The
company commenced the manufacture of Bessemer
steel in September, 1808, with one five-ton converter,

and are at present turning out some fifteen tons per
day. They are now putting up another five-ton con-
verter and erecting reverberatory furnaces and cu-
polas, which will enable them to increase the capacity
of steel production from 40 to 50 tons per day. The
greater portion of the steel has been made into rails,

which have thus far shown the best results. The
Bessemer steel made by this company has been very
even in quality. The works are situated near the
best iron-producing region of the country—the Lake
Superior region—the ores of which are remarkably
well adapted for producing steel by the Bessemer
process. Besides turning out steel and iron rails of
good quality, they manufacture beams, girders, mer-
chants' bar, boiler rivets, fish plates, spikes, nuts,
bolts and a variety of other articles used in railway
construction and repairs. The works are favorably
situated, having water and rail connections with the
whole west and northwest.

—

American, Railway
Times.

Fibre of "Wrought Iron.—In a paper read
before the Liverpool Pol -technic Society, "On

the Structure of Metals," Mr. Vivian stated that the
" fibre" or "silky lustre" exhibited in the fraoture
of good iron is only the effect of the light refleoted
from inner surfaces of myriad3 of minute cells
exposed by the fracture, that the form of these in
their normal state is spherical, or n-sarly so, but they i

become changed in the process of rolling, &c. Air
has no access to these cells in their concealed state,
but when they are exposed to the action of the
atmosphere they soon become tarnished. The cel-
lular construction is not an accidental occurrence,
but it is the proper constitution of the metal, and
appears to take place under the combined effects of
heat, the repellent force, and the coherent force
inherent in the substance. The mechanical proper-
ties of tenacity, ductility, &c, must greatly depend
on the perfection of the cell system, and as much
importance should be attached to this as to the
degree of chemical purity necessary to insure a good
iron, since it is well known that from iron of the same
chemical purity various qualities of metal may be
produced by working at an i aproper temperature, or
by cooling too suddenly.

PLANT AND OPERATIONS AT FlRTHS' StEEL
Works.—Dr. Percy thus refers to the works of

Messrs. Firth & Sons, of Sheffield, in a letter to the
London "Times:" For casting large ingots each cru-
cible contained about 50 lb. of molten steel. At a
given signal the pouring of the metal commenced,
and in sixteen minutes the ingot mould had received
the contents of the 212 crucibles. There was no
bustle or confusion. The men, 200 in number, knew
their drill, and did their duty without a hitch. The
ingot weighed 86 cwt., and was designed for the steel
tube of an Armstrong gun. The receptacle employed
by Krupp for receiving the steel from the crucibles,
in the first instance, was dispensed with; but that is

only a point of minor detail. The Messrs. Firth have
cast nine-ton and sixteen-ton ingois. A nine-ton
ingot is required for the 23-ton Armstrong gun.
Messrs. Firth have expended about £30,000 in the
erection of two 25-ton Nasymth hammers, re-heating
furnaces, on Siemens' principle, and other appli-
ances. The anvil block of each hammer is cast iron,
cast in one piece, and weighs 164 tons. The length
of hammer stroke is nine feet six inches.

The Siemens Furnace is being somewhat
extensively applied for puddling, and so far as

has been reported, with good results, there being not
only a saving of fuel, but a very considerable saving of
iron, while also the balls, especially if fettled in rich
ore, are of better quality. The importance of the
highest quality of fettling material is very great
where the iron to be puddled is largely charged with
phosphorus. Some of the Cleveland ironmasters
puddling highly phosphuretted pig, import large
quantities of a very pure ore from Norway and
Sweden, and these, used as fettling, not only add a
large quantity of iron to the charge, but they take
up a large proportion of phosphorus or phosphoric acid
in the slag ; and the puddled bar, which would
otherwise be very cold short, is found to be fine

grained, ductile, and fitted for nearly all the purpo-
ses of good makes of bar iron.

Steel Rails and Tyres.—Messrs. William
Bird & Co. in their monthly circular speak as

follows of the relative use of steel for tyres and rails

in England and on the Continent. They say: " Com-
pared with foreign railway specifications for 5,000,

6,000 and 8,000 tons of rails, and 5,000 to S,000 and
10,000 Bessemer steel wagon tyres on a iine, our
home requirements of a few tons at a time (Bessemer
steel rails in the proportion of 200 tons to 5',000 tons

of wrought iron are just now advertised by the Great
Northern) appear quite insignifioant, and in the
oourse of the past year there have been contracts of

40,000 tons given out to Fronoh works for both Bes-
semer and Martin rails, and 5,000 tons of French
make have even found their way to the United States
linos."
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MACniXE Puddling.—In this direction nothing
ing appears to have been done since the unsuc-

cessful attempts made at Dowlais, and those, still

earlier, by Mr. Tooth and Mr. Yates. Nor do we
learn that the revival of a former attempt to intro-

duce air directly within the iron in the puddling

furnace, by means of a tubular rabble with a flexible

air pipe, has made any progress. This mode of

introducing air was heard of some little time ago, as

W the Richardson process." So, too, there was " a

Radeliff process" of knocking four or five puddled
balls into one, and. rolling or forging them direct

into a single large bar. There were obvious objec-

tions to this mode of working, that especially of the

risk of unsound welds, and the saving of a single

heat is not enough to compensate for this risk, so

fatal to the product.

—

Engineering.

Tempering Taps.—A correspondent of the
"Scientific American" writes as follows: Most

of your readers are aware of the difficulty in temper-
ing taps and reamers without springing, especially

long and large ones. To accomplish this let the

blacksmith select his steel for the job and forge the

tap with a little more than the usual allowance, be-
ing careful not to heat too hot, nor to hammer too

cold. After the tap or reamer is forged, heat it and
hold it on one end upon the anvil. If a large one, hit

it with the sledge; if a small one, the hammer will

do. During this operation the tap will give way on
its weakest side and become bent. Do not attempt
to straighten it. On finishing and hardening the tap
will become perfectly straight. If any are doubtful,

a simple trial will convince them.

Atlas "Works, Bessemer Plant, Glasgow.
—These works are fully illustrated in "Engin-

eering," Jan. 1. A pair of three-ton vessels are

arranged in the ordinary English style. There are
two air furnaces and two cupolas, capable of holding
the whole charge; also two spiegel furnaces. The
charges are elevated by hydraulic hoists. There are

two independent pairs of blowing cylinders, with
twenty-inch steam and 2 fi-inch air cylinders of

two and one half ft. stroke, making seventy revolu-
tions. The converters have cast-iron trunnion hoops.
There is nothing new in the design. The American
works have greater facilities, and can produce a larger
product with the same number of vessels.

The Richardson Process op Puddling.—
This is reported to be gradually maturing in

England, and several improvements are announced.
The blowing out of the silicon sparks through the
stopper-hole has now been overcome by the employ-
ment of a hooded rabble. It is said that at the Park-
head Works, near Glasgow, where the process has
been in operation nearly a year, not a bad bar has
been produced. At Messrs. Palmer's Works, Jarrow,
the use of the tubular rabble has been supplanted,
Mr. Ridley having introduced a method of injecting
the blast through the pipes introduced through
openings at the side of the furnace, and excellent
results are said to be produced by this method.

Tj1 ire-brick in Steel Making.—An exchange
J- states that many works are erecting in this

county for the manufacture of steel rails, and that
one of the steel furnaces will use a million fire-bricks

a year ! This can hardly refer to the Bessemer Works,
where no fire-brick are used, except to line the nose
of the converter, and for the spiegel furnace, which
will last a couple of years. The Siemens furnaces
a-re probably as durable as ordinary reverberatory
furnaces, and we can hardly imagine a steel process

T

vteel Railway Carriages.—The recent
O report of the Oude and Rohilkund Railway Com-
pany, states that the steel rolling stock, which had
been the cause of some anxiety to the board, was very
likely to turn out a complete success. They had, at

present, two long metal carriages, capable of accom-
modating 200 passengers each, and were found to be
very suitable for the traffic. The remainder of the
steel rolling stock, for which a supply of wheels and
axles had been forwarded, was now being made avail-
able.

Improved Rolling Mill Machinery.—
Messrs. Thomas Perry & Son, of the Highfields

Works, Bilston, have made a train of 24in. rolls,

three high, for rolling steel rails. They have also

just completed a universal mill for rolling long nar-
row plates without shearing. This kind of rolling is

effected by the addition of vertical rolls behind those
which are horizontal, and it is a plan which has been
for some time most successfully worked on the Conti-
nent. (See article on universal mill, in another
column.)

Washing Coal.—Since the expiration of the
patent for the French coal-washing machine,

so long held by Mr. Morrison, of Ferry-hill, it is com-
ing into extensive use, and with the best results.

Worthless " slack" is now powdered, its pyrites sepa-
rated, and it is afterwards coked into excellent fuel

at an almost insignificant cost. In France and Bel-
gium great attention is paid to washing refuse coal,

and the adoption of the French mode would save
vast sums of money here.

"'roy Bessemer Steel Works.—The steel

works of Messrs. John A. Griswold & Co., burned
in October, are being rebuilt by Mr. A. L. Holley,

late superintendent of the Pennsylvania Steel Works.
The two-ton converter has been at work all winter,

producing some ten tons of ingots daily. The five ton

plant will be considerably enlarged, and will be run-
ning in July. A new blowing engine, the largest

Bessemer engine in this country, is building by
Messrs. Paulding, Kemble & Co., Cold Spring.

REMARKABLE PRODUCTION OF A CnARCOAL
Furnace.—From January 1st to 31st inclusive,

the Irondi.le furnace of E. Harrison & Co., produced

7S4 tons of pig-iron of 2,268 lbs. to the ton. The
daily average was therefore 25A tons. This is a char-

coal furnace measuring 9^ feet in the bosh, and 4fl

feet in height, and uses nine-tenths Iron Mountain
ore.

—

Bulletin of the Am. Iron and Steel Association.

I^nE Specific Gravity of Steel oscillates

- between 7.2 and 7.9. The hardening of the metal

by tempering is accompanied, as Reaumur long ago

observed, by a notable diminution of specific gravity;

and M. Caron has noted that the specific gravity of

steel diminishes with the number of times it is tem-
pered.

IUew Furnace of the Sterling Iron and
1 1 Railway Company. -A new blast furnace building

for this company, after the designs of Mr. Rumpff,

of the West Point Foundry, is 60 feet high, with 12

feet boshes.

Large Rolls.—A pair of rolls for Sir John
Brown's Works, Sheffield, recently cast at the

Phcenix Works, Bilston, .were of the following dimen-

sions :—Length of roll 15| feet, diameter 3 feet;

weight, 18 tons.

Highest Blast Furnace in the United
States.—The Port Henry furnace, 70 feet high,

in which brick alone will cost say ten dollars per ton with 16 feet bosh, is stated to be the highest Anieri-

of product. can furnace.
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RAILWAY NOTES.

"Date of Progress of the Mount Cents Tun-
ll nel.—During the past year an advancement of

1,320.15 meters has been made at the Mount Cenis

tunnel, of which (i.38.60 was driven on the Italian

side, and 681.55 meters on the French. The advance-

ment has been 110 meters per month, or 53.20 on the

Italian side, and 56.80 on the French; and at this

rate of progress the time necessary for the completion

of the tunnel would be twenty-eight months, or about

April, 1871, and for opening the railway about six

months more, or in less than three years.

The following table, from "Engineering," shows

the yearly progress that has been made with these

works since their commencement in 1857 :

i Total Ad-

a
a
O

e
a

T3

vancement.
'S

c8 Each At end ft

>* P g Year. of Year. K

meters. meters. meters. meters. francs

.

1857.
1858.

£ 284.85

236.35

212.75 497.60 497.60 3,369,000

1859. 132.75 369.10 866.70 1,630,000
I860. 203.80 139.50 343.30 1,210.00 3,000,000
1861. 170.00 193.00 363.00 1,573.00 2,500,000
1862. 380.00 243.00 623.00 2,196.00 2,000,000
1863. . 426.00 376.00 802.00 2,998.00 3,500,000
1864. 621.20 466.65 1,087.85 4,085 85 6,552,000
1865. 765.30 458.40 1,223.70 5,309.55 5,502,00(1

1866. 812.70 212.29 1,024.99 6,334.54 5,644,000
1867. 824.30 687.81 1,512.11 7,846.65 6,000,000
1868. 638.60 6S1.55 1,320.15 9,166.80 7,500,000

5,363.10 3,803.70 9,166.80 47,197,000

Engines, "Working and Expenses on the
Semmering Railway.—At a recent meeting of

the Societe des Ing<-nieurs Civils, M. Gottschalk,
locomotive engineer of the South Austrian Railway
system, stated that the successive improvements in

traction on these lines, and especially on the Semmer-
ing section, up to the end of 1865, had not only been
maintained, but had still continued to progress in

1867. Passing over the results of 1866, which were
abnormal in consequence of the war, the expendi-
ture on the entire system, Semmering included, had
been 0.977f. per train kilometer, as against 0.992f.

for 1865. For Semmering alone the cost of traction

in 1865 had been, for those trains that could be taken
up entire, ].70f. per train kilometer, and for goods
trains divided and taken up at two trips, 3.40f. In
1867 these figures were reduced to 1 .666f. for the sin-

gle train, and 3.33f. for the double train. These re-
ductions would have been greater but for the work to

replace in proper condition the overworked rolling

stock of the year of the war, and the unusual quantity
of snow during December. It may then be affirmed
that the already so greatly reduced expenses of trac-
tion on the Semmering and other lines are not, as
some persons think, the consequences of its recent
construction. Locomotives in use last above eight-
een years; their repairs are placed to the current
account, as well those of vehicles of all kinds. Dam-
age to rolling stock, often considerable, caused by
foreign service, is always borne by the traction ser-
vice. The radius of 189 meters in the Semmering
curves prevents the use of two locomotives to the
train without danger, but this obstacle does not exist
on the Brenner line, and the company has been au-
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thorized to run its trains of 350 tons across in one
journey by means of two locomotives, one in front and
the other in rear of the train. Besides complete secu-
rity in case of any breakage in the coupling, this
plan offers obvious advantages, which it is unneces-
sary to specify. One great difficulty in working the
Brenner line is the means of regulating the speed in
the descent. The proportion of brakes sufficient on
the Semmering with curves of 189 meters is not so on
the Brenner with curves of 300 meters, although the
inclines are the same on both lines. The Semmerinc
line is double, the Brenner single ; the consequence
is a marked difference in adhesion. These diffi-
culties are to some extent overcome by the use of
sand, but though it is largely employed it is
insufficient. The descent was therefore an occa-
sion for the use of reverse steam, for which purpose
all the Brenner locomotives have been provided with"
the Le Chatelier apparatus, similar to that adapted
to the Mediterranean locomotives.

_
The new goods engines, on the same general prin-

ciples as the modified ones of the Semmering, with the
entire mechanism and exterior appurtenances, give
the best results. The maximum weight of the goods
trains last winter reached 369 tons. Here the gro3s
weight of each train became
Weight of wagons 369 tons." 2 locomotives—94,600 kilos. .

\" 2 tenders—36,400 kilos
J

W1

500

Multiplying this weight by 6 + 25 kilos, we find that,
the tractive power developed is 155,000 kilos., and
that the work of these two engines at a speed of 15
kilos, per hour is about 850-horse power, or 425-
horse power per engine. Under these circumstances
vaporization is not forced, as each square meter of
heating surface only equals two and a -half horses.

Railway Progress in Russia.—The first
railway in the empire was opened in 1838, and for

seven years it was the only one. One or two short
lines were opened in the course of the next two years,
but, in 1848, a line was opened from Warsaw to the
Austrian frontier. It was not until after the death
of the Emperor Nicholas that railway enterprise
made any very great strides in Russia. Since then,
however, the process has gone on upon an accelerating
scale. There are at present 5,960 versts of line open,
3,337 versts are in course of construction, and a
Council of Ministers has decreed concession for ei^ht
new lines, declared to be indispensable, the gross
length of which is 3,235 versts. The majority of the
lines opened have been constructed with foreign capi-
tal, and the funds for the new undertakings are sought
for from the same source, and there is now a full
stream of English capital directed from home projects-
flowing into Russia to enrich that country, and to
increase the strategic power of the Czar.
The following are the lines in course of construction :

Kiev-Balta (all that remains to be completed of the
Moscow-Odessa line), 428 versts; Odnoga-Berdeyzeff,
27 versts; Odnoga-Woloczysk (Polesia-Bukowina),
167 versts; Tiraspol-Kischeneff (Bessarabia), 65
versts; Kursk-Charkoff-Taganrog-Rostoff (Moscow
and Taganrog line), 763 versts ; Jeletz-Orel (continu-
ation of Grias-Jeletz), 173 versts; Orel-Witepesk
(last portion of the line connecting the St. Peters-
burg-Warsaw and St. Petersburg-Moscow-Odessa
lines, open to Rostavl, four-fifths of the distance),
493 versts; Grias-Boryssogleb (extension of the
South-Eastern in the direction of the Volo-a), 192
versts; Kaslov-Tambov (extension of the South-
Eastern in the direction of the Volga), 74 versts-
Odnoga-Schuya, 84 versts; Troizka-Yaroslav, 196
versts; Poti-Tiflis, 284 versts; Moscow-Smolensk
(direct connection between Moscow and the Rica-
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Dunaberg-Orel Hue), 391 versts. Total, 3,337. Of and great lines of railway. Washington was the first

the Russian lines fifteen have a government guaran-
|

to point it out when in command of the revolutionary

tee, and their capital amounts to 237,856,000 roubles. ' forces located in the valley of the Mohawk, and the

Few of the Russian railways have, as yet, managed first to express the hope that it would be improved,

to become self-supporting, and Englishmen are His education as an engineer enabled hiin at a glance

warned by newspaper correspondents to keep clear of

the railway mania, now at its height. The govern-

ment is understood to have suffered some heavy losses

on account of its guarantees, but it can afford to stand

many more, if necessary to the development of the

country.
Differing from the standard adopted in most Euro-

pean countries, the Russian gauge is five feet, an

arrangement intended to prevent foreign railway car-

riages from entering the country in peace, and still

more in war. Onl}' in Poland the ordinary German
guace of four feet eight inches has been adhered to.

A weak side of the Russian railways is the insuffi-

ciency of their rolling stock, which, being almost

entirely imported from abroad, is a dear commodity,

and, in consequence, kept at a low figure. Accidents

are not very common, Russian engine-drivers, who
are apt to indulge their liquorous propensities, being

discarded on many lines in favor of steady Germans.

Yet, as the number of passengers is small, the death-

rate by accident is necessarily great. From Cor-
respondence of the London Times.

Effect of Northern, East and West Lines
upon New York City.—This subject is discussed

at length in "Harpers' Magazine;" the conclusions

are as follows: Upon the completion of the Hoosac
tunnel, Boston will have two lines direct to the lakes.

The line by way of Springfield encounters an elevation

of 1,450 feet above tide, and, in its ascent towards the

west, has a grade of 83 feet to the mile. The line by

way of the tunnel rises at the summit to 1,100 feet,

and passes through the tunnel at an elevation of 838

feet above tide; but it has no grades steeper than 58

feet.

New York enjoys the benefit of tide-water from

Troy to the ocean, and of a railway whose steepest

grades (at Poughkeepsie) are only fifteen feet. The
Harlem road is less favorably situated for carrying

through freights, as it is obliged to pass over the

same mountain range through which the Hudson
River makes a clean sweep. Except for about 104

days in each year, when the river is closed with ice,

New York has the immense advantage of the Hudson
river, capable of floating the larger barges at rates

for freight with which railroad lines cannot compete,

and at all times it has two lines of railway. In ex-

tending her enterprises to Lake Ontario, it will be

impossible for Massachusetts to secure the advantage
which the New York Central enjoys in passing through

the Allegany at the dip at Little Falls. The road and
canal there are about 300 feet iower than Lake Erie,

and but about 100 higher than Lake Ontario, whereas
the line suggested for competition must pass over the

mountain at unfavorable grades.

New York has the inestimable advantage of a canal

and line of railroad which descend from Lake Erie to

tide-water, with the exception of a trifling counter-

elevation, and has only 110 feet to overcome between
tide-water and Canada. If New York had no road
but the Erie it would be on a footing with the Atlan-
tic sea-ports south, as its grades are about on a par
with those encountered by them. Pennsylvania,
Maryland and Virginia are obliged to surmount ele-

vations in the neighborhood of about 1,500 feet.

North and South Carolina have high and nearly im-
passable mountains behind them ; but South Carolina
avoids hers by using the roads of Georgia, which are

constructed around them and through an opening at

Chattanooga in another range. The history of the
Erie, railroad will be relied upon by many to pro^e
that it was a great error in policy not to confine our-
selves to the route indicated by nature for our canal

to perceive that New York stood unrivaled in bt
facilities for intercourse by land and sea, and conse-
quently for commercial supremacy.

Italian Railways and Works.—The public
attention is so much directed to the Mont Cenis

tunnel that the works upon subordinate portions of
the great line connecting the northern and southern
sides of the Alps are little noticed. Upon the Italian
side of the mountains there is much difficult engi-
neering. The line from Bardonneebe and Bussoleno,
25 miles long, has a tunnel three-fourths of a mile
long, and several fine bridges at Meana, a succession
of lesser bridges on the whole line, and no less than
24 tunnels in all. A line 40 miles long from Gloia
and Tarente has many features of great difficulty,

requiring '' trial sections " and careful preliminary
reconnoissances before any attempt could be made to
delineate the approximate route. An iron bridge
over the torrent San Stephano, has a central span of
180 feet, and is 200 feet above the water. A viaduct
over the Castellanela is 240 feet high from the river.
This is an iron structure on lattice-work iron piers.
The character of the structures on these lines is

highly spoken of by experts.
The Italian railways in operation at the close of

last year was as follows:

Alta Italia Railway Company: Kilom.
Piedmontese lines 1,030
Lombard lines '477
Central Italian lines 294
Venetian lines 437

Total 2,238

Roman Railway Company

:

Naples and Leri, Cancello
South section

"
t .Naples and Len, Lancello

i-< and St. Severiuo Railway.
^Aneonaand Orte Railway..

( Leghorn, Azetina and Ligu-

N.v ,.- ! rian lines
orth section < ^ , 3 a . , n . ,

1 Empoh, Siena and Orvieto

[ Railway

181

238

761

216

Total 1,396
Southern Railway Company:
Mediterranian network
Adriatic network .

Voghera, Pavia and Brescia Railway Com-
pany

Total
Victor Emmanuel Railway Company
Palermo and Termini Railway
Messina and Catania Railway.
Reggio and Lazzuro Railway

Total 149

Total of four groups 5,099
Tuiin and Cirie Railway ,.'.... »»»-i 8
Fell Railway over Mont Cenis from Suua to

Frontier..*. 27

Total ft. 1 ?.4

A New Engineering Feat is talked of at

Chicago. It is proposed to cut off the river sev-
eral miles above the city, and conduct its entire vol-

ume of water to the lake by a canal, and convert the

channel into a system of railroads, where all the lines

converging in the city might meet in one grand cen-
tral station.
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fTHE Cornwall Bridge.—The bill passed in

X the State Assembly for the construction of a sus-

pension bridge across the Hudson river, 42 miles

above New York city, appears likely to be acted

upon, and the d esigns and calcu ations for the struc-

ture are now almost completed. The total length of

the bridge, including approaches, will be 2,499 feet,

the length between towers, 1,665 feet; the clear span,

1,600 feet; the height of the towers, 280 feet: dis-

tance from platform to water level, 150 feet. One of

the towers will be in 30 feet of water, the other will

be a land pier. The bridge will be carried by twenty
cables disposed in four systems; each cable will be

fourteen inches in diameter, formed of steel strands,

disposed as in Mr. Roebling's bridge at Cincinnati.

(It is now proposed to make the cable of steel bars.

—

Ed. V. N. Eng. Mag.) There will bo 58,084 cubic

yards of masonry in the tower.
There will be a road platform as well as a railroad

track, which latter is calculated to a working load of

2,400 tons. The platform of the bridge would be

filled by 32 passenger cars, or 53 locomotives, and
18,000 people, whilst the working strength allows

for the crowding of 34,560 people and 60 locomotives
upon the platforms at one time.
The bridge, which is estimated to cost about £500,-

000, will connect the mining districts of Pennsylva-
nia with the New England States, and effect a sav-

ing of four shillings a ton on the 4,000,000 of tons of

coal now consumed annually in New England. At
present about 1,000,000 tons are carried every year
down the Hudson to the depots along the coast. By
L-eans of a short branch made to the bridge, the

Erie railway will be enabled to obtain a station in

New York, and be saved the expense and incon-
venience of transferring passengers and goods by
ferry to their terminal station in Jersey City.

Pending the completion of the bridge, a ferry will

be established at the point of crossing, for transfer of

the traffic, as the railway will be completed up to the

east and west banks of the Hudson long before the

permanent connection can be made.

—

Engineering.

Wooden Mixing Railways.—The wooden
railroad now completed between Clifton and the

Adirondack mines in New York, is described as fol-

ows : The rails are of hard maple scantling, 4x6
.nches, set on edge in slots in round ties, and keyed
in the slots by two wooden wedges driven against each
other, project two inches above the ties. The rails

admit the bending sufficiently to make the curv?s.

—

The ties are laid on the earth and ballasted in the

usual manner to two inches of the bottom of the rail.

It takes 21,120 feet, board measure, of scantling for

a mile, and 1,760 ties at three feet apart. The road
is a very rough one, with a great deal of trestle work,
some of it over 30 feet high, which is vastly more ex-
pensive than a level route. The engines used weigh
from ten to fourteen tons. The rails will probably
last about five or six years. An engine will move
about 30 tons of freight at about six to eight miles
an hour, with heavy grades and sharp curves. The
comoany expects to move over the road next year
from 50,000 to 1,000,000 tons freight. Trains have
passed over the road, light, at the rate of twenty
miles an hour; but this would not do for freight.

The proposition to build a wooden track railway
along the Lake Superior copper range from Portage
Lake to the Cliff mine has met with great public favor.
The cost, except the first five miles to gain the sum-
mit of the range, has been estimated (wooden track)
at $4,000 per mile: the bidding price for timber pre-
pared and delivered being §2,300 per mile, leaving
$1,700 per mile for construction account. This is

considered more than sufficient, as all agree the labor
will be no greater than that of making a common wa-
gon road or earth -covered corduroy, which is done
generally for about $4 or $5 per rod, or $1,250 to

$1,600 per mile.

The First Effective Locomotive in Ame-
rica.—The first effective locomotive engine in

America—the "Old Ironsides "—says Mr. E. Has-
kill, inlj the " Coachmakers' Journal," was buil

in Philadelphia, from a draft by Rufus Tyler, a

brother-in-law a :>d partner of the late Matthias

Baldwin. In consequence of a misunderstanding the

copartnership was dissolved, and Mr. Baldwin com-
pleted the engine in 1832. The wheels were made
of wood, with broad rims and thick tires, the flange

being bolted on the side. The engine was first put

in motion on the Germantown and Norristown rail-

road. She ran a mile an hour, and was considered

the wonder of the day. On trial it was ascertained

that the wheels were too light to draw the tender,

and to overcome this difficulty the tender was placed

in front of the engine, which kept the wheels on the

track. Mr. Baldwin and his assistants pushed the

engine ahead until it attained some speed, when
they all jumped on, their weight keeping the wheels

from slipping. The boiler being too small for the

engine, steam was only generated fast enough to

keep the engine in motion a short time, so that they

were compelled to alternately push and ride until

they arrived at the Germantown depot. The return

trip to Philadelpnia was performed by alternately

riding and pushing in the same manner.
Several successive trials were had during the year

following; after each, Mr. Baldwin added improve-

ments and made alterations in its mechanism. That

same engine is still in existence in Vermont.

Railroad Matters in California.—The
open winter has been favorable to railroad enter-

prises on the Pacific slope. The Central Pacific has

been enabled to push forward supplies, and to continue

grading and track-laying without interruption. The
new mineral discoveries in Nevada will much increase

the traffic on this road through California and Nevada;
irdeed, the way business generally on both ends of

the Pacific railroad has exceeded all expeetions for so

early a period.

There are some signs of activity on the Western
Pacific railroad, from Sacramento to Oakland. Mean-
while the California Pacific, via Vallejo, has reach-

ed Sacramento, and the passenger traffic is steadily

increasing. The connection with the Nepa Valley

railroad is progressing. The extension to Marys-
ville is expected to be completed by the middle of

summer. Marysville will soon have railway con-

nection with Sacramento on the east side of the Val-
ley, through the Central and Yuba lines.

The Southern Pacific railroad is graded from San
Jose to Gilroy, and some 30 miles of track nearly

completed.

Baltimore Union Railroad.—This enterprise-

was started some time since, with a view of giving

an outlet at tide-water to the various railroads, built

and contemplated, entering the city on its north side.

It is likely to be fully completed during the ensuing

two years. The contractors are, it is said, pushing it

forward as rapidly as prudence will allow, and the

road will have a tunnel just out of the city some
2,900 feet long. Three shafts have been sunk, but
the difficulty of water is so great that the question of

making an open cutting to be afterwards arched and
filled in is being discussed.

Spanish Railways.—The entire railway sys-
tem in Spain is, in length, about 3,125 English

miles, and about £60,450,000 have been expended,
without in the aggregato ever having a farthing for

distribution as profit. The railways were built ex-
travagantly, they are ill fed for want of good car-
riage roads in the country, and altogether they are
perhaps the most abject failures ever witnessed.

—

Bulleonis.
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Stockholm Junction Railway—Engineer-
ing Difficulties.—The railway termini of this

eity have heretofore heen at its extreme opposite

ends. The new junction line commences at the south-

ern end by entering a tunnel bored through solid gra-

nite, and describing a slight curve on plan. This

tunnel is 1,500 feet long and 32 feet wide by a height

of 19 feet, and passes under a very populous part of

the city. Then follows a cutting 2,400 feet long,

the retaining walls on either side being 30 feet high,

executed in solid masonry. Next comes a bridge

across the Soder, after which the line traverses the
* Stad ' quarter, then crosses the Riddaneholm canal,

and lastly joins the Northern railway over a high
embankment. Considering the short distance, per-

haps no line in the world has presented greater diffi-

culties to the engineer, and it is only in Sweden that

this could have been effected at so low a cost, name-
ly, about £61,000. The granite in the tunnel was
blasted by means of nitro-glycerine, 30,000 pounds
being used in the operation.

bench Railways.—The entire extent of rail-I way in operation in France, Stptember 30, 1868,

was C, 934 miles as compared with 9,671 miles Sep-
tember 30, 1867, showing an increase of 263 miles.

—

The entire amount earned > n all the French railways
to September 30 this year, was £19,684,405, as com-
pared with £19,424,998 in the corresponding nine

- months of 1867, showing an increase of £259,407 this

year. This increase was entirely attributable to the
new network and the miscellaneous lines, the old net-
work presenting a decrease in the first nine months
of this year of £188,156. The general result of the
working of the French lines of the first three-quar-
ters of this year was a decrease of 4.78 per cent per
mile worked, as compared with the corresponding pe-
riod of 1867; but a somewhat better result may be
anticipated for the last quarter of the year. Never-
theless, French railway traffic has shown less elasti-

city in 1868 than in several preceding years.

—

Hera-
path's Railway Journal.

The Gauge Question.—The narrow gauge is

now replacing the broad gauge system on several

of the branches of the Great Western railway. This
change will doubtless lead to some legal difficulties,

certain coal merchants having built a number of

broad gauge trucks, and made contracts with the
company for the conveyance of coals therein for a
period of several years. It is understood that orders

have been received at the workshops of the Delaware,
Lackawanna and Western railroad, in Scranton, to

rebuild no more locomotives for the wide gauge.

—

This looks to the not distant laying of the third rail,

which is also necessitated by the leasing of the Mor-
ris and Essex railroad.

British Railway Mileage Receipts and
Expenses.—The earnings of British railways

per mile worked have shown a steady tendency to in-

crease upon the whole. In 1849 the total receipts
per mile were £1,957; in 1850, £1,994; in 1851, £2,-
176 ; in 1852, £2,141 ; in 1853, £2,345 ; in 1854, £2,510

;

in 1855, £2,580; in 1856, 2. 660; in 18>7, £2,559; in

1858, £2,510; in 1859, £2,574; in 1860, £2,661; in

1861, 2,629; in 1862, £2,522; in 1863, £2,528; in

1864, £2,667; in 1865, £2,700; in 1866, £2,755; in

1867, £2,770. But while the working expenses of
British railways were 46.83 per cent of the traffic re-
ceipts in 1849, they had increased to 54.57 per cent
of the receipts in 1867.

TRAFFIC OF THE METROPOLITAN RAILWAY.

—

It is officially stated that during the six days of
the Christmas holidays, from the 24th to the 30th,
800,072 passengers passed along the lines of this
company.

A Railway Library of 1,000 volumes has been
established by the Boston and Albany railroad.

An apartment in the passenger station at Boston has
heen fitted up for it. The library is divided into two
departments, the Consulting and the Circulating.

—

The first comprises railway enactments, English and
American; encyclopedias. The circulating depart-
ment embraces standard works of interest, instruc-
tion, fiction, and bound volumes of the most valuable
periodicals of past years, 500 or 600 in number. Any
person in the service of the company on the line be-
tween Boston and Albany is privileged to take books
from this department, two at a time, and to hold
them two weeks, the train baggage-masters and
station agents along the route transmitting them on
Tuesday and Thursday of each week.

The Twelve Great Railway Companies of
J- Great Britain are : The Caledonian; Great Eas-
tern; Great Northern; Great Western; Lancashire
and Yorkshire; London and Northwestern; London
and Southwestern; London, Brighton and South
Coast; Manchester, Sheffield and Lincolnshire; Mid-
land; Northeastern, and Southeastern. The twelve
lines own 6,595 locomotives, valued at over eighty
millions of dollars.

Warming Street Cars.—The cars of the
Albany and West Troy railroad (seven mile

route) are warmed by stoves. The stove occupies
the place of one passenger (or what would be appro-
priated to say three passengers in New York city);

it rests on the bottom of the car and passes through
the seat. The adjacent passengers are protected by
high screens.

Iarge Locomotives.—The 4-cylinder goods
J engines on the Northern railway of France weigh

59 tons, and have 17g in. cylinders, I7j in. stroke,

and 12 coupled wheels 3 ft. 6 in. in diameter. The
" Pennsylvania," on the Reading railway, has 2

cylinders 20 in. in diameter, 26 in. stroke, and 12

driving wheels 3 ft. 11 in. in diameter. Some of the

Great Northern (England) engines weigh 56 tons.

New Line from Europe to India.— The
railway just commenced from Constantinople to

Adrianople, will ultimately join the Austrian lines at

Belgrade, and complete the European part of the

Euphrates Valley line to India. This accomplished,
its prolongation either along the Euphrates Valley or

that of the Tigris can be but a question of time and
policy.

Another Trans-Continental Railway.—
It is stated that the Czar of Russia has sent two

engineers to inspect the Pacific railroad, with a view
to utilizing whatever information they may obtain

in the construction of a road from St. Petersburg to

Chinese Tartary.

The Railway Mania.—A period of remarka-
ble activity in railway construction is just com-

mencing. Cannot promoters and managers be per-

suaded to avoid the grand mistake of former times

—

bad work, costly to maintain, unsafe, and ruinous in
;

the end.

IOCOmotive Cars.—"The Engineer" states
i that arrangements are being made for working

a section of one of the largest railway systems in

England on the steam carriage principle.

The Bridge at Columbia.—The Pennsylva-
nia railroad bridge spanning the Susquehanna at

Columbia was opened to general travel on January 4.
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hew BOOKS.
A Handy Book for the Calculation of
.Dl Strains in Girders and Similar Struc-
tures and Their Strength, consisting of form-
ulae AND CORRESPONDING DIAGRAMS, WITH NUMER-
OUS DETAILS FOR PRACTICAL APPLICATIONS, &C. By
William Humber, Assoc. Inst. C. E. Author of

a practical treatise on cast and wrought iron bridge

construction, a Record of the Progress of Modern
Engineering, <£c. 12mo. with three plates and near-

ly 100 wood cuts.

Mr. Van Nostrand is photographing the plates and
text of this work and will issue it in a few days.

The "Builder" speaks of the work as follows:

This volume is not intended to supersede larger and
more elaborate treatises. It is intended to take a

place midway between these and the " Engineer's

Pocket-book" class. The former are too elaborate

for convenient use, the latter have not space enough
for the introduction of many useful formulas. The
"Handy Book" represents the mean between the

two extremes, and will be found a valuable compan-
ion by the practical man. The author not only gives

the most applicable formulae for particular cases, but
he illustrates them by means of excellent diagrams,
and thus makes his subject easily intelligible to

any one whose mathematical knowledge extends to

equations. The method of drawing a parabola—the

base and height being stated—which Mr. Humber
gives, is a happy one. The book indeed recommends
itself better than any notice we could write.

The Indicator Diagram Practically Con-
sidered. By N. P. Burgh, Engineer. Lon-

don : E. & F. N. Spon, 1869.

This is a 12 mo. of 160 pages, containing numerous
wood-cuts. The object aimed at is best stated in the

words of the preface. " The means I adopted " to

professionally test some indicator diagrams " were to

consider, first, the proportions of the details that

regulated the admission, expansion and exhaustion,

of steam; and, secondly, their geometrical delinea-

tion. Having proceeded thus far, I then concluded
that, as the length of the motion for the indicator

barrel was virtually that of the stroke of the piston,

the scale of the geometrical test that I employed
must be subject to that circumstance. I accordingly

made a drawing of the cylinder ports, slide valve,

link motion, eccentrics and rods, a portion of the

length of the piston, length of the connection rod
and crank circle at the same scale that the stroke of

the piston, in inches, was equal to the length of the

indicator diagram. I acquired thus a correct knowl-
edge of the positions of all the details that regulated
the steam at the points of admission, cut-off, expan-
sion, exhaustion, compression and lead, in relation

to the positions of the piston and crank pin at the
same scale as at the diagram ; and by laying it on
the crank pin's circle, I saw at once how it was
formed in relation to time and speed, and the ccuse

of the defects, if any existed—indeed being the only
method of gaining that information truthfully, which
is illustrated by the plate in the frontispiece."
The work also treats of the indicator and diagrams

in all their points and relations.

Long and Short Span Railway and High-
way Bridges. By J. A. Roebling, C E.

Mr. Van Nostrand is producing this work in superb
style. It is a large folio, eighteen by twelve inches,
with folding plates; some of them 60 inches long,
engraved on copper. It will be ready in April.
Mr. Roebling's name, alone, will insure a large

sale for this work. The results of his labors and
studies, all these many years of devotion to the sub-
jects of iron, steel and bridges, will be eagerly sought
for by the profession all over the world.

The One Great Force. The Cause of Gravi-
tation, Planetary Motion, Heat, Light, Electri-

city, Magnetism, Chemical Affinity, and other Natu-
ral Phenomena. By Crisfield Johnson. Buffalo:
Reed & Lent.
The author of this little work first calls attention

to the steadily increasing belief among the leaders of
the scientific world that heat, light, electricity, mag-
netism, and chemical affinity are all manifestations
of the same force and convertible into each other,
and, after reference to Faraday's essay on the "Con-
servation of Force," and to Grove's doctrine of the
correlation of forces, lays down the proposition that
"The one great force of the material universe is the
self-repulsion of caloric acting on the inertia of ordi-
nary matter." This force, he asserts, is the source or
cause of attraction, heat, light, gravitation, capil-
lary attraction, planetary motion, electricity, mag-
netism, cohesion, adhesion, chemical affinity, com-
bustion, explosion, tides, the building power of
animals and plants, and the circulation of the blood.
If he does not prove the truth of his proposition, he
at least shows the probability of its correctness. We
recommend the book to the study of all who take an
interest in the subject of the origin of natural forces.

American Artisan.

1Engineering. An Illustrated Weekly
1 Journal. Conducted by Zelah Colburn.

London: 1869.

The seventh volume of this most excellent journal
is fully up to the previous volumes in extent and
quality of matter. We do not see how any engineer
who is familiar with Mr. Colburn's writing—his ex-
tensive, positive and practical knowledge, and his

clear, concise, searching and comprehensive treat-

ment—can do without this journal. In the pretty
careful reading of 50 to 70 scientific magazines and
newspapers every month, we find much that is thor-

oughly good and well put, and a great deal that is

inconclusive, if not trivial. But we rarely find any-
thing in Mr. Colburn's writings that is not founded
upon large views and extensive reading and expe-
rience. Even when somewhat hasty and incomplete,
as newspaper articles must be, in comparison with
exhaustive treatises, Mr. Colburn's articles are full

of ideas, apt illustrations and strong points.

A Manual of Elementary Chemistry, Theo-
retical and Practical. By Geo. Fownes»

F. R. S., late Professor of Chemistry in University
College, London. Tenth edition, revised and cor-

rected. London: John Churchill & Sons, New
Burlington street, 1868.
There is probably not a student of chemistry in this

country to whom the admirable manual of the late

Professor Fownes is unknown. It has achieved a suc-

cess which we believe is entirely without a paral-

lel among the scientific text-books in our language.
This success has arisen from the fact that there is no
English work on chemistry whioh combines so many
excellences. Of convenient size, of attractive form,

clear and concise in diction, well illustrated, and of

moderate price, it would seem that every requisite

for a student's handbook has been attained.— Chemi-
cal News.

A
Synopsis of the Patent Laws of Va-
rious Countries. By Alex. Tolhausen, Ph.

D., Translator at the Patent-office, London: Trub-
nek & Co.

This work oontaina, in a condensed form, all the
necessary information respecting fees, documents
required, disclaimers, prolongation, infringements,

jurisdiction, and legal proceedings, &c, &c, tagethei
with referenoes to the aots and ordinances them-
selves. An eager inventor can now ascertain, in a
few minutes, the entire oost of patenting his inyea^

tion in every quarter of the globe.



28G VAN NOSTRAND'S ENGINEERING MAGAZINE.

Trait i: Eli'mextaire de Physique, par A.
Privat Deschanel. Professor au Lyeiie

Louis le Grand. Paris: 1868.

This work would have been called a "Natural

Philosophy" in our school days, but it is rather in

advance of the "Coinstoek's Philosophy " we studied,

in style and treatment. It appears to be even an

improvement on Ganot, which is saying a great deal.

We hope it will be translated, and, above all, that

the wood-cuts will be reproduced in something like

the French style of high art. The pre-corlissite

treatment of the steam engine, for instance, in most

of our modern text books, and the pre-raphaelite

wood-cuts that disfigure them, are unworthy of the

aspirations of American youth, and the pretensions

of American publishers.

ELEMENTARY GEOMETRY. By J. M. WlLSON,
M. A., Fellow of St. John's College, Cambridge,

and Mathematical Master at Rugby School. Mac-
millan & Co.

This is an attempt considered very promising by
reviewers, to render an exceedingly dry subject at-

tractive, and hence familiar and useful. The arrange-
ment and treatment of the facts are changed, and
practical applications of geometry are introduced.

Several attempts had previously been made in En-
gland to make Euclid more practical, but they have

not been very successful there. In France, on the

contrary, Legendre and La Croix each composed
elements which have completely supplanted Euclid.

It is their models that Wilson has greatly followed.

Art of Constructing and Repairing Com-
mon Roads. Weale's Rudimentary Series.

London: Virtue & Co., 1868.

A fourth edition of this volume of Weale's Rudi-
mentary Series, with additions, has been published.

It includes a "Survey of the Metropolitan Roads,"
by S. Hughes (which might be left out without much
loss): the "Art of Constructing Common Roads," by
Henry Law; "Remarks on the Maintainanee of

Macadamized Roads," by Sir John Burgoyne; and a

note by Mr. Robert Mallet on the causes of the appa-
rent failure of macadamized roads in certain localities.

Mr. Mallett regards asphaltic macadamizing as the

very best material for the street surfaces of populous
cities. A large amount of valuable instruction is

given.

MOLECULAR AND MICROSCOPIC SCIENCE.—By
Makv Somerville, in two volumes. London:

John Murray. 1869.
The scope of the work is thus stated in the preface :

"Microscopic investigation, organic and inorganic,
is so peculiarly characteristic of the actual state of

science, that the author has ventured to give a sketch
of some of the most prominent discoveries in the life

and structure of the lower vegetable and marine
animals, in addition to a few of those regarding inert

matter." The work is quite fully illustrated.

The Monthly Microscopical Journal.—
Transactions op the Royal Microscopical

Society, and Record op Histological Research
at home A d aeroad. Edited by Henry Lawson,
M. D., F. R. M. S., London. No. 1, Jan. 1869.

This is a new illustrated Journal of this important
and growing science.

Tables Showing the Length, in Feet, op a
Degree, Minute, and Second op Latitude

And Lgngitude, with the Corresponding Num-
ber op Statute Miles in Each Degree of Lati-
tude, &c, &c. By R. C. Carrington, F. R. G.
S.j of the Hydrograpaic Department of the Admi-
ralty.

Quantities Made Easy; a quick and accu-
rate Method of taking out Quantities in

Buildings. By II. A. Creasey. F. Shaw, Dock-
head.

These pages consist of lists of the items in an
ordinary dwelling house, so that an estimator may
not forget or overlook any in taking out his quanti-
ties. Instead, however, of keeping all the trades
separate, the writer puts each room separately, so
that the same headings would have to be written over
and over again, and the resulting sum would be very
much higher than the same estimator would bring to
it if he pursued the more customary, expeditious and
common-sense mode.

AText-booc op Natural Philosophy. An
accurate Modern and Systematic Explanation of

the Elementary Principles of the Science. Adapted
to use in High Schools and Academies. With 149
illustrations. By Le Roy C. Cooley, A. M., Prof,
of Nat. Science in the N. Y. State Normal School.
Pp. 315. New York: Charles Scribner & Co., 654
Broadway.
The author discourses of molecules and molecular

motions, having cut adrift the ancient theory of im-
ponderables. He has no respect for error because it

is venerable, and he gives it no room in his book. He
sets a good example to the compilers of school-books
of science.

—

Chemical News.

Dictionary of Engineering, Civil, Me-
chanical, Military, and Naval, with Tech-

nical Terms in French, German, Italian and
Spanish. E. & F. N. Spon. London: 1869. Parti.

This work appears, upon a cursory examination, to
be full of useful and modern practice. It is very
liberally and well illustrated. The "Engineer" and
other authorities criticise some of its articles very
freely, but all of them, on the whole, commend it. It
cannot fail to be important and valuable.

UNDERGROUND LlFE, OR MlNES AND MlNERS.
By L. Simonin. Translated, adapted to the

PRESENT STATE OF BRITISH MlNING, AND EDITED
by H. W. Bristow, F. R. S., of the Geological
Survey. Illustrated with many plates, including
ehromo-lithographs. London: Chapman & Hall, 186y.

This is a beautifully printed and illustrated work,
and will prove very entertaining to all readers, pro-
fessional or otherwise.

The Railways of India, with an Account
of their Rise, Progress and Construction;

written with the aid of the records of the
India Office. By Edward Davison, Captain, R.
N. London: E. & F. N. Spon. 1868.

rPnE Chemical News, Vol. IX, 1869. The
L papers in this volume are, so far, interesting to all

classes of readers, especially the articles on food,
sewage and water supply.

SANITARY SlFTINGS, OR RESULTS OF SEWAGE
Systems Compared. London: E. and F. N.

Spon, Charing Cross.

HPhe A.B.C. Sewage Process. London: Yates
JL & Alexander, 7 Symonds Inn, Chancery Lane.

TVTavigation and Nautical Astronomy.—
li J. Merrifield and II. Evers. 8vo., lis.

Cours de Chimie Agricole. Par M. G. Le-
chartier. Paris.

Vesuvius. By John Philips, M. A. Oxford

:

1869.

Cours de Mt-CANique. Par M. Emile Leclert,
Paris.
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MISCELLANEOUS.

TABLE OF FRENCH AND ENGLISH WEIGHTS.

From "The Engineer."

Kilos.

0.500
1.000
2.000
3.000
4.000
5.000
6.000
7.000

8.000
9.000

10.000
11.000
12.000
13.000
14.000
15.000
16.000
17.000

IS. 000

19.00(1

20.000

Cwt.
1

2

8
9

10
20^1 ton=l,0l5.649

lb.

1.1028
2.2055
4.4110
6.6165
8.S220
11.0275
13.2330

15.4385
17.6440
19.8495
22.0550
24.2605
26.4660
28.6715
30.8770
33.0825
35.2880
37.4935
39.6990
41.9045
44.100

Kilos.

50.782
101.564
]52.347
203.129
253.912
304.695
355.477
406.260
457.042
507.825

lb.

1

2

3

4
5

6

7

8

9

10

15

16

17

18
19
20
28=1 qr.

56=2 qrs.

84=3
112=4

Tons.
1 =
2 =
3 =
4 =
5 =
6 ==

7 =
S =
9 =

10

Kilos.

0.4534
0.907
1.360
1.814
2.267
2.721
3.174
3.627
4 081

4.534
6.801

7.255
7.708
8.161

8.615
9.068

12.695
25.391
38.087
50.782

Tonnes.
1.0157
2.0313
3-0470
4.0626
5.0782
6.0939
7.1095
8.1252
9.1409

10.1565

Avoirdupoise
1 oz. =
1 lb. =
lqr.
1 cwt.
1 ton

28.3380 grammes
= 0.4534 kilogrammes
= 12.6950 kilogrammes
= 50.7800 kilogrammes
= 1.015.650 kilogrammes

1 gramme =15.438 grs.troy=0. 0353 oz. avoirdupois

1 kilogramme= 2.2055 lb.

1 tonne = 0.9846 ton=19 cwt. 2 qr. 21^ lb.

Is. per lb. = 2.7571'. per kilogramme
If. per kilogramme = 4.353d. per lb.

£1 per ton = 24.615f. per tonne.

Moving City Blocks.—In the new Boston
improvements, this is accomplished in the fol-

lowing manner : About six houses, or one hundred
and twenty feet long, are usually raised in one block

together, the walls, front and back, being cut, or

rather a line of separation being made at about each
sixth house. The raising is done by screws, as usual,

and the blocking is the usual cob-house work of

pieces of timber. The moving is on wooden rollers,

round iron bars, and on balls, with no apparent
reason for choosing or using either. Of course, those
houses at the ends of each block, in raising, where
the party wall is removed, are carefully clamped and
braced. And about every fourth house has been
found to require the front, and back walls to be
clamped by through bolts to the floors. The walls
may be said to be universally but eight inches

—

one brick thick. About one- half the houses are
occupied, the rai>hig or moving not interfering with
the domestic s<imforts of the household. From an
examination of the buildings, very few cracks are
discernable. The ground is fortunately all solid,

not " made," and the underpinning is either done in

brick or in cubical granite blocks.

Submarine Blasting at Hell Gate.—The
O apparatus designed for drilling the sunken rocks
for the introduction of the charge, consists of a water-
tight iron casing, in form a depressed semi-spheroid,

seven feet in diameter. It has three solid steel feet

by which its stability on the rock is secured. Rising
from the upper part of the "casing is a conical wrought
iron frame, supporting the upper end of the drill

shaft by means of two parallel rods entering into

sockets in a cast ring at the top of the frame. The
drill bar passing up through the center of the top is

furnished at the bottom with a bit, one and a half

inches diameter, having imbedded in its face nineteen
diamonds, and rotating at the rate of from 300 to

500 revolutions per minute, advancing at the rate of
from one to one and a half inches in the same time.
The feed is caused by a differential gearing which
steadily operates to advance the drill into the rock,

the debris being washed away by the water forced
into contact with the bit through a small rubber
hose. The water-tight chamber of the machine con-
tains a pair of engines working at right angles to

each other, with a horizontal stroke. As soon as the
hole is completely drilled, and also when the drill

shaft is withdrawn from the rock, information of this

is given by a magnetic bell which is acted upon by a
double wire cord insulated from the water and passing
down one of the parallel rods or tubes upon which
the crosshead is fixed. This drill weighs nearly five

tons. It is worked from a wrecking tug with a derrick

by means of steam supplied from the boiler of the
tug. To prevent this steam being condensed in its

passage through the water to the engine it is con-
veyed in a hose surrounded by another through which
the exhausted steam passes. The rock at Hell Gate
is that known as the bastard granite, and is much
softer than either the Quincy or Maine granite, on
which the drill has been satisfactorily tested. After
a number of holes are drilled over a. certain space, a
diver descends and charges them with cartridges of
nitro-glycerine, which is exploded in the usual man-
ner. The fragments are raised by automatic grap-
nels.

Opinions Differ.—A prominent London co-
temporary says about two inventions, one Eng-

lish and the other American, both of which are re-

cognized by the best and most numerous authorities

as among the most successful improvements of modern
times, as follows :

—

Siemens' furnaces do not gain in favor. Those put
down at the Woolwich Gun factory are not used, as

they were not economical. In Prussia, we under-
stand that they make no way, and the statement is

indirectly supported by another which has reached us
to the effect that, although used at Elswick,theycost
30 per cent more in fuel than the common furnaces.

Mr. Isherwood, the chief engineer of the United
States navy, has reported dead against the moni-
tors, and the secretary of the United States navy
cooly suppressed this portion of the report. The
American government are building no monitors, and
both the Dictator and the Puritan have been pro-
nounced total failures. Turret ships are increasing
in favor in Europe, but they must not be confounded
with the Ericsson monitor, which is a very different

thing.

Trial of Steam Rollers.—A successful pub-
lic trial has been made at Rochester of a steam

road roller, manufactured by Messrs. Aveling and
Porter, for the city of New York. An incline having a
rise of 1 in 12, was chosen for the trial, its entire surface
being covered with the ordinery stones used on maca-
damised roads. In six hours the road was completely
smooth and fit for the passage of vehicles. Messrs.

Aveling and Porter have in hand three similar rollers

for the Indian authorities.
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Steam Total
vessels. tonnage.
230 55,328.67
15 2,396.33
63 13,412.83
75 27,372.83

210 112,123.18
28 5,002.29
53 18,982.01
72 27,323.65
26 5,293.88

165 98,714.45
124 22,115.42
197 93,152.03

1,263 481,217.61

¥estebn River Navigation.—The Pitts-

burgh ''Chronicle'' gives the following figure?

concerning the number and tonnage owned in the dif-

ferent States along the Mississippi and its tributaries :

Barges.

Louisiana 33

Mississippi

Tennessee
Kentucky 14

Missouri 98

Iowa 28
Minnesota 87

Illinois 99
Indiana
Ohio 70
West Virginia 20

Pennsylvania 385

Total 834

Hot Pressed Nuts in England.—American
machinery for making nuts has been introduced

in Birmingham. The process may be thus briefly de-
scribed: The puddled iron is placed in a reverbera-
tory furnace, rolled to the requisite size, and while
still hot is placed in the maohines. Here the iron is

eut off, forced into a die box, either square, hexa-
gonal, or octagonal, as the case may be, and while
under the necessary pressure it is punched simultane-
ously from either side. The advantages of this pro-
cess are the greater cohesive strength arising from
the hole being forced into the nut, thereby solidify-

ing the metal; the certainty with which the hole is

made exactly central, as well as smooth and true
throughout; the regularity and quality of the angles;
complete uniformity of size; and rapidity of produc-
tion. Fifty to eighty nuts can be produced per min-
ute. Bolts are produced by other machines at a
single blow.

"IVTovel Use of the Camera Obscura.—Some
-Ll officers of engineers have just been making expe-
riments at Antwerp as to the means of defending the
passes of the Scheldt by a system of torpedoes placed
in three lines, the explosion of which is regulated by
the use of a camera obscura. The instrument is fixed

at a certain point, and whenever a ship passes over
it, its image is reflected on the mirror at the camera.
When the image arrives at a certain determined point,

the eclectric current is applied, and the explosion
takes place immediately. The mines are numbered,
and each has a corresponding mark in the chamber.
The method of observation is simple and sure, and was
adapted for the defence of Venice in the late Italian

war. The trials succeeded perfectly, and are soon
to be repeated on a larger scale.

1Twenty-four Pound Boat.—Walter Brown,
- the champion oarsman, has lately built a single

scull outrigger shell of Spanish cedar, 30 feet seven
inches long, twelve inches wide, and six and three-
eighths inches deep amidships; four feet and eleven
inches wide across the rowlocks, eight inches deep
aft, and four and a half inches forward; weight 24
pounds. She is nearly finished now, and weighs only
eighteen pounds. He is building another boat of the
same size, which will weigh only nineteen pounds.
The lightest boat heretofore built, of the same size,

was that in which Brown rowed at Pittsburg last

September. This was made of paper, and weighed
27^ pounds.

Screws • vs. Paddle.—The Cunard paddle
steamer Persia has been turned into a sailing ves-

sel with auxiliary screw. The Cunard paddle steamer
Scotia is to bo converted into a screw.

Paperson Construction.—We have in type the
first of a valuable series of articles on this

subject, which will extend through several num-
bers of the magazine. Various paperson construction
are in course of publication, in the home and foreign
serials. While they are generally useful, we think
that some of them are too elementary, others too
abstruse, and others still too limited in scope to meet
the requirements of our readers. A compilation of
such miscellaneous elements would hardly answer the
purpose. We have therefore secured the preparation
of a series of original papers, by an engineer officer,

whose education and practice have thoroughly fitted
him for the work.

The Rogers Locomotive "Works employ
3,000 hands, and turn out about ten locomotives

per month, besides an immense quantity of cotton
and woolen machinery. The works comprise one
building 200 by 32 feet, and one 102 by 40, with
boiler shop, erecting shops and several other struc-
tures. This establishment was founded in 1831 by
Thomas Rogers, and turned out its first locomotive
for the Mud River and Lake Erie Co., in 1838.

—

American Railway Times.

Works for Unloading Coal at New Ha-
ven.—Hawkins, Herthel and Burrall of Spring-

field, Mass., have a contract, amounting to upwards of
§40,000, for building anew coal wharf for the Hartford
and New Haven railroad at New Haven. In connec-
tion with the wharf, which is to be 1,100 feet long
and 50 feet wide, will be four elevators, capable of
storing 1,000 tons of coal.

The Boston Elevator, building by the
Boston aud Albany Railroad Co., is constructed

of brick and wood; it is 70 feet high. The upper
story will contain 82 bins; the total capacity will be
250,000 bushels. It is stated that a car can be
emptied in ten minutes, and that the cost of elevating
and storing will be one cent per bushel for the first

five days, and storage extra after that time.

Blasting Granite.—In one of the granite
quarries, near Penryn, a large mass of sound

granite has been moved from its natural bed some
inches, by 50 lb. of blasting powder, confined in a
hole 12 ft. deep and 6^ in. in diameter, bored in the
rock. The stone measures, at least, 40 ft. by 40 ft.

by 12 ft., which equals 19,200 cubic feet, or 1,280
tons.

The Mercantile Library of New York has
now 100,000 volumes, embracing the best works

on every topic. Popular works are largely duplica-
ted, and about 10,000 volu es are added yearly.
The reading-room is large, well-warmed, well-
lighted, and supplied with 3,000 books of reference,
and over 400 periodicals, foreign and domestic.

Electric Clocks.—Kennedy's, exhibited in

New York, are driven by the current of an earth
battery, and require no winding up. All the clocks

in a house or locality, or on a line of railway, may,
it is alleged, be driven by the same battery, and
keep the same time, tick for tick.

Steamship Construction.—The promised ar-

ticle treating this subject generally, has been
crowded out by two articles referring to the marine
engine particularly—the Hercules, and Morton'g
Condenser—but will appear in our next number.

The P. and O. Fleet.—The steam fleet owned
by the Peninsular and Oriental Company com-

prises a total of 48 ocean-going vessels, having an
aggregate tonnage of 85,632 tons and 18,520 horse

power.
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FRENCH MVAL ENGINES.

CRITICISMS AND ANSWERS—LIGHT MA-
RINE ENGINES—HISTORY OP HIGH EX-
PANSION

—

normand's SYSTEM.

Translated from "Annales du Genie Civil."

In our last number we published the sharp

criticisms of "Engineering" on our navy.

M. Belleville, in a discussion of a memoir
of M. Normand, has replied to these criti-

cisms which, under the influence of a patri-

otic anxiety, have been much exaggerated

;

and our readers will see that if, as MM. Mal-

let and Normand have shown, we can im-

prove vastly in the engines used in our ships,

we have long been in advance of other na-

tions in the improvements made upon hulls

and propellers. MM. Normand and Mallet

intended in their memoir to give an accurate

resume of all the improvements which have

been made in marine engines, and a table

showing the progress made at the principal

centers of ship building in the Old World
and the New, and they proposed to show the

arrangements which must be adopted in ma-
rine machinery, if we expect to get rid of the

errors in vogue among naval engineers. The
problem of the best system of marine ma-
chinery consists entirely in the determina-
tion of the best results in three classes of

economy. We give them in the order of

their relative importance : 1st. Economy of

weight. 2d. Economy of fuel. 3d. Econo-
my in expenses of capital, in repairs, in the

personnel and accessory expenses. These
various kinds of economy are not inconsist-

ent with each other.

MM. Mallet and Normand have summed
up in four graphic tables the results obtained
by experiment from more than one hundred

Vol. L—No. 4.-21.

engines. The first represents the weights

of the machinery complete (engine, boiler,

water and propeller) in horse powers of 75

kilogrammeters measured by the indicator

on the pistons. The second shows the actual

development of power measured by the indi-

cator per nominal horse power. The third

shows the consumption of fuel per indicated

horse power of 75 kil. met. The fourth

shows the total weight of the entire ma-
chinery, with fuel enough for five days'

steaming with maximum power. Each of

these tables will show at a glance the great

difference in the results given by the various

systems which are or which have been in

use. We may thus determine the disadvan-

tageous position occupied by the French

navy with respect to its prime movers. This

inferiority has been general for a quarter of

a century, and is continually getting worse.

It is an indisputable fact to-day that the

English vessels recently built can develop

an actual power nearly double that of the

vessels in the French fleet. The develop-

ment ppr nominal horse power which in the

Imperial marine has never yet reached 300 kil.

met., is fixed for the new English vessels at

450 and in some of them exceeds 500 kil. met.

The weight of engines per unit of actual

power is the most important question, and

it is upon this point that the widest differ-

ences with respect to economy occur. The
total weight of the machinery, including

boilers, may be resolved into its elements.

The steam generating apparatus, consisting

of elements in some sort alike (grates, flues

or boilers), differ only in the number of

parts. The total weight of boilers and water

is then, for each system, sensibly propor-

tional to the power to be developed. In the
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engine proper the case is different— for the

same system the weight varies in a higher

ratio than the power. Notwithstanding the

man)' modifications introduced into the con-

struction of engines and boilers, the ratio

between the fraction of weight which is

always constant, and the fraction which
varies with the velocity of the engine, is not

sensibly changed. In taking for a unit of

weight the weight due to a velocity of one
revolution per second, we may express the

relation for all other velocities by the

formula

—

The following figures indicate the total

weights per indicated horse power, corres-

ponding to each of the great classes of ma-
rine engines

:

No. of revolutions per
minute 15 20 30 60

Old beam engines with
flue boilers 660 kg. 550 kg-. 440 kg. 330 kg.

Direct acting engines
with tubular boilers. 420 350 2P0 210

Same engine of John
Penn's system ....... 300 250 200 150

Limits of the lightest
engines of the present
day 240 200 100 120

These figures show the vast progress made
during the last 25 years in reducing the

weight of machinery. Between the first

Cunard packets and the present transatlan-

tic propellers the weight has undergone a

reduction from 660 kil. down to 180. This

reduction is the result of three forms of pro-

gress : 1st. The substitution of tubular for

flue boilers. 2d. The substitution of direct

acting engines for more complicated ones.

3d. The greater rapidity of revolution, due
partially to increase in the velocity of the

vessels, but especially to the substitution of

the propeller for the paddle. Beside those

considerations belonging to the degree of

excellence in the construction, such as the

forms and proportions of the various parts,

the use of stronger materials which will

allow a diminished thickness, the weight per

unit of power developed, &c, the ultimate

economy is largely dependent upon the func-

tional action of the steam upon the engine.

The conditions of lightness are much im-

proved in large engines by a more advanta-

geous use of the steam, and by the better

draft obtained by high chimneys, which can

be employed only on large vessels.

Altogether, the results obtained by MM.
Normand and Mallet may be summed up as

follows :

The old low-pressure flue boilers weigh,

on an average, 250 kil. per indicated horse

power, and 20 kil. per kil. of steam per
hour. In the greater portion of the boilers

of Imperial type, these values are reduced •

to a mean of at least 140 and 13 respec-

tively. In English machinery these weights
are only 110 and 10 kil. respectively, la
the boilers of the Francis I, built by M. B.

Normand, the exclusively cylindrical forms
given to the shells and grates, together with

the substitution of steel for iron plate, have
reduced the weight to 7 kil. per kil. of steam
per hour. The combination of these steam
generators with the economically working
engine has reduced the weight per indicated

horse power to 50 kil.—an economy which
has never before been reached in any marine

boiler.

M. Normand then proceeds to inquire

into the conditions which regulate the

weights of the other parts of marine ma-
chinery, viz: the engine proper and the

propeller. Nearly every part has at least

one of its dimensions determined by the

intensity of the effort which it is to receive

or transmit ; the weight of every mechanical

part then should be sensibly proportional to

the amount of work developed by a single

revolution. The final development of power
as related to the time being proportional to

the rapidity of revolution, which in turn is

governed by elements dependent upon the

vessel, the correct value of the conditions of

lightness will be furnished by an expression

which MM. Normand and Mallet have em-
ployed for the first time (so far as they

know), in these investigations. It consists

in approximating the weight to a standard

corresponding to a uniform velocity (or

speed), the weight being inversely propor-

tional to the power due to two-thirds the

number of revolutions. Two tables furnished

by MM. Normand and Mallet give the

economy of weights in paddle and screw en-

gines. In beam engines with paddles, the

weight is 1.5 kil. per kil. met. of indicated

work per revolution. This weight is between

1 kil. and .80 kil. in a majority of the

modern direct acting engines, and in the

lightest on the Penn plan it is as low as .60

kil. The weight per indicated horse power

shows some extreme variations in conse-

quence of the introduction of another ele-

ment of inequality, viz : the variable rate

of the engines. The weight corresponding

to a horse power of 75 kil. met., which in

the old beam engines often reached 350 to

400 kil., does not exceed in ihe most per-
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feet modern engines 150 kil. for the large

ones, nor 100 or even 70 kil. for moderate

sized and small ones. Screw engines, even

the more recent ones, show similar diversity

in the economy of weight. The graphic

tables alluded to show clearly the errors

and mistakes in construction already pointed

out by M. Normand. The engines of the

Imperial marine are classed between 1.60

and 1.20 kil. per kil. met. per revolution,

while the engines of Penn and Maudslay do

not exceed .80 or even .70 kil. For weights

per indicated horse power, almost all the en-

gines of the Imperial marine are between
150 and 110 kil., while the English builders

just cited do not exceed for the largest en-

gines 70, or perhaps even 60 kil. John
Penn, in the yacht Le Grille (engine of

small size and great speed), has reduced this

weight to 30 kil.

But the question of economy of weight in

steam engines is intimately connected with

that of the advantageous use of steam and
consequent economy of fuel. The once ad-

mitted laws of expansion are acknowledged
to be incorrect, and the tables of cut-off now
in use stand in need of correction. MM.
Normand and Mallet present a new table of

cut-off which they have collated, keeping in

view the three following classes of correc-

tions : 1st. For the reductions of tempera-
ture corresponding to varying pressure. 2d.

For the portion of steam condensed, which,

with the reduced temperature, makes up the

loss of heat corresponding to the work done.

3d. For the resisting pressure of the con-

denser. In the calculation of heat consumed
by the work done, each unit of heat {calorie)

has been calculated as corresponding to 400
kil. met. The back pressure of the con-

denser, which varies from three to six per
cent of the boiler pressure, has been made
equal to four per cent of the initial pressure.

By economy of agents (organes) the authors

mean the relation existing between the mean
effort of the whole stroke of the piston and
the maximum effort under initial pressure.

The data of cut-off have been made to cor-

respond with the performance of a majority
of marine engines with an admission of f

,

and not with an admission over the whole
length of stroke. Finally, the table has
been calculated for an initial pressure of five

atmospheres. The values should be slightly

increased for lower pressures and diminished
for higher.

It must be inferred from these tables that
all engines consti-ucted up to a very recent

date, however different in plan, show no dif-

ferences in the economy of steam, at lea&t

as to the maximum useful effect obtainable

from it. If differences occur, they are the

reverse of economy. Notwithstanding the

marked increase in the tension of steam,

which in the last 20 years has been raised

from 1^ to 2|, or even 3 atmospheres, no
economy of fuel has been obtained. On
the one hand, the experiments of a £ expan-

sion have led only to mistakes, and on the

other the increase of pressure has been offset'

by disadvantages in the distribution and
condensation of the steam. These disadvan-

tages are most conspicuous in engines at

high speed. The ordinary marine engine

gives an indicated horse power with a theo-

retical expense of 12 kil. of steam, which
represents a consumption of 1| to 2-| kil. of

coal.

At the commencement of this state of

affairs it was conceded that the expansion

principle offered a boundless field of im-

provement. Yet it was thought (and per-'

haps not wrongly) that it would be well to

imitate the most advanced products of inge-

nuity and use the most economical kinds of

engine, particularly the draining engine of

Oornonailles and the Woolf engines, the cost

of which was about half that of the marine

engine of that day. But the objections

were many. One of these types was heavy,

cumbersome, complicated ; the double ex-

pansion was impracticable on the water, and
the pressure must not exceed a defined

limit. Facts have demonstrated that an

economically working engine not only can

be built within the conditions of weight of

engines of high expansion, but that a more
perfect action of the steam may be a source

of still further progress in the economy of

weight.

The following history of progressive im-

provements is succinctly given by MM. Nor-

mand & Mallet.

In 1856 Bowan & Horton constructed

marine engines on the Woolf plan, with sur-

face condensers, and working at a pressure

of 8 or 9 atmospheres, which, however, was
practically found to be inconvenient. Ban-
dolph & Elder endeavored to increase the

expansion by the use of larger cylinders

instead of augmented pressure. They suc-

ceeded in obtaining good results with ex-

pansion under a pressure not exceeding 3 or

perhaps 2h atmospheres. In 1861, Hum-
phreys, following the same path, introduced

engines with large cylinders, having small
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ones superposed. The English engine build-

ers all agree in using a large amount of ex-

pansion with surface condensers, steam jack-

ets and superheating. Lastly, M. Normand
claims to be the representative of French
ingenuity in this struggle for maritime pro-

gress, and some significant facts seem to

show that the improvements which he was
the first to elaborate and carry forward suc-

cessfully cover the greater part of the prob-

lem of the economical marine engine. His
attempts go back as far as 1854. The main
idea in the Normand system consists in

dividing the total expansion between two
cylinders, which are entirely independent of

each other in respect to their movements,
though capable of attachment to the same
shaft by cranks at right angles, an essential

feature in the marine engine. These cylin-

ders communicate with an intermediate res-

ervoir, where the steam escaping from the

first cylinder is relieved of the condensation

resulting from the work done, and receives

a certain addition of heat before entering

the second cylinder. This simple plan con-

stitutes a marine engine with all the advan-

tages of a double expansion and without any
increase in the number of parts. It can
with suitable modification be applied to any
existing engine, and has already been used
in small vessels of high speed. With respect

to economy of steam its superiority is very
decided. With a cut-off at ^, the econon.y

is .92 atrainst .52 in ordinary engines. With
a cut-off at -jiy, the economy is still .54

against .26. The average admission in the

two cylinders of M. Normand was in the

first .65 and in the second .40.

The advantages of M. Normand's system
were officially recognized in 1860 by a com-
mission appointed by the minister of the

marine. One of his engines was placed

upon the transport Loiret, of the Imperial

navy. It had the double expansion, the in-

dependent movement of the pistons, with
the intermediate reservoir for drying and
reheating the steam. Subsequently it was
put into a number of frigates with 950 nomi-
nal horse power, and into four corvettes,

with 450 nominal horse power, &c, &c. He
has also applied his system to some fifty en-

gines, marine and stationary, with even bet-

ter results than those obtained in the navy,
though the principles are the same. It was
in some engines built in the government
dock yards that he obtained the highest
actual power, and that with a large expan-
sion and no increase in the size of the cylin-

ders, making a saving of 500 indicated horse

power. This is the mean deficiency of the

armored frigates, and it serves to show how
erroneous have heretofore been the princi-

ples upon which their engines were con-

structed.

With respect to economy of fuel, results

have been more favorable. The consump-
tion has been reduced to 1.44 kil., while in

the engines built by M. Normand himself

this consumption is still less by one-fourth.

We give below the relative values of the

cut-off in various systems :

Cut-off
at— Saving.

Old marine engines ... £ 1.

Dupuy de Lome .... | 1.30

Normand f 1.60

Humphreys
-J-

1.74

Rowan & Horton .... ^ 1.84

Randolph & Elder ... j\ 1.90

If it is desired to obtain the greatest

lightness of engine, with the greatest econo-

my of fuel, the cut-off should be varied

according to the distance to be run. M.
Normand gives the following table :

1 day, rate of expansion, 4 or 5 volumes.

5 " " " 5 or 6

10 " " " 6 or 7 "

15 " " " 7 or 8 "

20 " " " 8 or 10

In view of the faulty imitations of his

work, M. Normand finds great pleasure in

presenting the results of an engine put into

the Francis I—a passenger vessel running
between Havre and Trouville, or Honfleur.

The nominal power is 100 and the devel-

oped power 550 ; consumption of fuel per
indicated horse power, 1.10 kil. ; speed, 26
kilometers ; boiler pressure (le timbre des

chaudie r(s), 4 atmospheres. Total weight
of machinery, including 11,000 kil. of water/

56,500 kil.

The Normand system has just been
adopted by the General Transatlantic Com-
pany for their packets of 450 horse power,

which are to be built for their new Pacific

line.

As a supplement to the communication of

M. Normand, and his observations on the

law of the pressure of expanding steam, M.
Duprez has published the results of some
calculations relative to the work of 1 kilo-

gramme of steam in high pressure engines

without condensers, and where the expansion

is carried on until the tension becomes equal

to 1 atmosphere. The following are the
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resulting ratios of heat utilized to heat ex-

pended :

Initial pressure in atmos-
pheres 8 10 12

Ratios 0.1501 0.1633 0.1771

Hence the increase of useful effect would be

18 per cent if the pressure were carried to

12 atmospheres instead of 8 ; in other words

an engine working at 8 atmospheres and
consuming 100 kil. of coal would consume
only 84.7 at a pressure of 12 atmospheres,

with an expansion to a pressure of 1 atmo-

sphere. The advantage would be still

greater if the final pressure were as low as

it is in marine engines. These results are

in accordance with the method laid down in

the work of M. Combes on the mechanical
theory of heat, but it assumes that there is

no loss of heat by conduction and radiation.

M. Belleville, who has been connected
with the Imperial marine since 1853, has

obtained meantime some accounts which he

thinks do not harmonize altogether with the

views of MM. Normand & Mallett. The
value of a war vessel does not depend solely

upon the greater or less effective force of

her engines as compared with their nominal
power, nor yet upon the diminished weight
of machinery, but as well upon the economy
of power, speed obtained, facility of evolu-

tion, resources of battery—in short, upon
whatever determines fighting qualities and
seaworthiness. In 1850 no navy in the

world had steam vessels capable of compe-
ting with the old sailing craft. England had
three or four steamers used as a coastguard,

which might sail, with steam alone, 7 knots.

At this juncture was launched at Toulon the

first steamer which was to solve the vexed
problem of great speed united to all of the

sea qualities possessed by the better class of

sailing vessels. The Napoleon, a product
solely of French naval engineering, and fur-

nished with an engine of 900 horse power
(nominal), the largest then in existence, has

justified all expectations. This purely

French achievement served as the type for

the creation of new fleets, both in France
and elsewhere, and the Napoleon is still

considered one of the best wooden war
steamers afloat. Her excellent results have
been achieved not only in experiments but
in actual service. During the Crimean war,
when the French squadron were ordered to

pass the Dardanelles, the Napoleon, having
in tow the three-decker Ville de Paris,

accomplished it easily in the face of a pow-
erful head wind which compelled the English

fleet to anchor and wait a whole week for

favorable weather. After the launch of the
Napoleon, England put the Agamemnon
upon the stocks—a vessel of the Napoleon
type, of almost identical dimensions, and
differing only in a little lighter draught.
The Napoleon had 2.602 indicated horse
power, the Agamemnon 2.206; the speed of
the former is 13 knots, of the latter 10 knots.
The co-efficients of useful effect are re-

spectively 2.125 and 1.86. In France all

vessels put upon the stocks by the Imperial
marine were built upon the plan of the Na-
poleon. In England the same sort of idea
was followed, with some variations. The
experimental vessels Algesiras and Marl-
borough offered a further comparison :

Useful
Ind. H.P. Speed, effect.

Algesiras 2,696 13.37 2.244
Marlborough 2,718 11.5 1.86

With one-half fires the Algesiras gave
1.742 horse power and 11.66 knots, with a
coefficient of useful effect 2.306.

In 1856 the French naval engineers built

the armored frigate La Gloire—an under-
taking ridiculed by English engineers and
scribblers. Their criticisms also became
known in France. But the results have
vindicated the promoters of this bold pro-
ject. The plated floating batteries which
had been built in France and England after
the Crimean war were merely floating forts,

while armored vessels having the sea goino-

qualities of wooden ones were then alto-

gether unknown. In this matter England
followed the example we set her, and started
the construction of a fleet upon our new
ideas.

M. Belleville has acquainted us with the
composition of the two fleets, showing for

each vessel the power, speed and coefficient

of useful effect, and from his tables he de-
rives the following mean results for armored
vessels :

Coeff. of
Speed, knots, useful effect.

French 13.718 2.176
English 12.939 1.878

On the whole France has led the march of
improvement for the last 15 years. Succes-
sive engines have been perfected in the Im-
perial works in which the weight has been
reduced and the consumption of fuel de-
creased. At present the Woolf engines are
used, and the consumption of fuel has been
reduced to 1.3 kil. on the Magnanime, and
to 1.240 kil. on the Jeanne d'Arc, and that
without surface condensers. M. Belleville
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is confident that all the new engines will be

provided with surface condensers, and that

before long steam at high pressure will also

be used, which has not yet been done ex-

cept upon gunboats and similar structures.

Finally, M. Bellville believes that M. Nor-

mand's figures relating to the indicated

power of the French fleet are too small,

while those relating to consumption and to

the weights are too large. M. Flachat re-

marked that M. Belleville did not answer

directly the observations of MM. Normand
and Mallet, who had examined exhaustively

only the marine engine.

Progress in this branch of science has

been gradual. First came the screw, with

engines of quick stroke and consequently

small dimensions ; then steam jackets, super-

heating, surface condensation, and finally

high pressure with high expansion. The

surface condenser enables the boiler to be

fed with distilled water, and prevents in-

crustation, making the iron plates better

conductors of heat and more durable. This

step in advance was accomplished in Eng-

land by MM. Randolph and Elder, but M.

Normand had urged it long before, and has

finally established it in France in the face

of difficulties which the Englishmen did not

have to encounter. M. Flachat reviews the

successive transformations of marine steam

engines, and shows that the Transatlantic

Company, whose origin does not go far back,

is now making its third transformation.

After nine years' service the Royal Mail is

also, after a most varied experience, ex-

changing paddles for screws, with the boilers

of Randolph and Elder. The history of the

Imperial Company, of the Peninsula and

Oriental, of the Cunard—in short, of all

companies, is but a long series of renova-

tions and progress. This summary of facts

which daily modify our naval material shows

the technical importance of the questions

to which MM. Normand and Mallet have

drawn the attention of the Society. In

England progress in this path is very rapid,

but in France there are administrative regu-

lations applying to the marine boiler of large

diameter and high pressure. It is fortunate

that locomotive engines have smoothed the

way in this respect, and that the recent pro-

gress in the fabrication of plate iron came

seasonably to aid in the solution of this

question.

MM. Normand and Mallet present some

remarks in reply to the strictures of MM.
Belleville and Flachat. They state that M.

Belleville speaks of vessels in their evisemble,

while they have confined their investigations

to the machinery. They accept some nu-

merical corrections of M. Belleville, as to

the power of engines, but insist the correct-

ness of the sources whence they derive their

figures should be admitted. They adhere

to what they have said as to the inferiority

of French engines, in which the useful effect

reaches but two-thirds or perhaps only one-

half the standard of the English marine.

Improved Steam Hammer.—The en-

graving shows a new style of fifteen ton

steam hammer, by Messrs. Thwaites & Car-

butt, of Bradford, England.

The peculiarity of this hammer consists

in joining the standards, which are of the

best patterns, boring them out, and putting

in a l'ound core. This gives great strength

and stiffness, besides more efficiently guid-

ing the hammer. The standards, which are

20 tons in weight, are 20 ft. apart, and give

8 ft. 6 in. headroom. These are bolted to

a bed plate made in three pieces, and are

also fastened by wedges driven between the

lugs, which- are cast on the plate. A
balance piston valve is placed in the same
casting as the stop valve, so as to save the

joints of a separate stop valve. The anvil

weighs 120 tons, and is placed on two rows
of 18 in. sq. oak, laid in a cut stone founda-

tion. The foundation of the block is kept
as separate as possible from the side-wall

foundations for the bed plate which carries

the standard, so that the jerk and spring of

the one is not communicated to the other.
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IMPROVED RAILWAY RUNNING GEAR-
LOOSE WHEELS.

Among the many barbarisms that charac-

terise our railway practice, the sliding of

half the wheels in a train, upon every curve

In the line, by reason of their rigid connec-

tion to the axle, is one of the most wasteful,

although it has been one of the most difficult

to overcome. Lines of easy curves are not

exempted from the evils resulting from the

greater length of the outer rail. It is not

so much the sliding of a wheel a few feet

more or less, after it is started, but it is the

starting of the slipping, that consumes

power and material, and brings the sudden

and heavy torsional strain upon the axle.

Even on air lines, the difference in the diam-

eter of wheels—often amounting to \ inch

in one revolution—keeps the axle in an al-

most perpetual state of torsional strain, and

wears the tread of both rail and wheel by

an unbroken series of little scrapings, from

one end of the road to the other. But the

wear is not the only evil. The lurching

and jarring of the whole running gear from

this cause, and more especially the twisting

of the axle back and forth at every curve,

thus seriously weakening an iron axle, if not

excessively heavy, require a degree of mass-

iveness and non-paying load that could be

greatly reduced by making the wheels inde-

pendent. Precisely what the saving in fric-

tion might be, it is impossible to state, be-

cause we have no prolonged tests of a thor-

oughly practicable apparatus. But it is

reasonable to assume that with the present

apparatus the friction and the general wear

and tear of running gear, and the extra non-

paying load thereby made necessary, add at

least 20 per cent to the normal power re-

quired for traction.

Many devices to meet this difficulty have

been tried, and many more have been in-

vented. The most obvious direction of im-

provement is in using a simple loose wheel.

One wheel has been cast with a deep hub,

so as to give a long bearing on the shaft,

and some experimenters have even gone to

the trouble of fitting boxes into the hub to

take up the wear. But after every nicety

of fitting and adjustment, the car had a per-

verse, uniform, incurable, and, to most ex-

perimenters, inexplicable tendency to run
off the track ; the wheel fastened to the axle

was always crowding the rail. This ten-

dency cannot be cured ; it can only be
avoided by abandoning this plan altogether.

A simple analysis of the forces will make
this evident. The two axle-boxes and the

superincumbent load rest upon the two ends
of a continuous axle. Upon one end of this

axle a wheel is rigidly fastened ; upon the

other end there is a loose wheel. In the

first place let us suppose that the axle, B C
in the diagram, instead of being free to

move in the axle-boxes, is rigidly held by
them, so that it cannot turn. A power is

applied, in the direction A, to the middle of

the truck. Since the wheel C cannot turn,

/ t

B

it will tend to slide, and thus require a

great exertion of power. But the wheel B
can turn, and the end B of the axle, and
with it the truck, will be pulled in the direc-

tion of the arrow B, while the end C will

stand still. It is a simple case of a lever
with the fulcrum at C and the power at A.
Now, if we loosen the axle-boxes a little, so
that the axle will just be able to turn in

them, the effect will be the same in kind,,

but less in degree. The power required to

turn the axle in the axle-boxes is still so

much in excess of the -power required to turn
the loose wheel B on the axle, that the end
C will be retarded and the truck will run off

the track. Just in proportion to the amount
of axle friction, will this be the tendency.
The forward motion of one side of the truck,

or one end of the axle, is retarded by the
friction of both journals.

This difficulty may, indeed, be avoided
by making both wheels loose, but the cost
and weight of an apparatus which should
give sufficiently long bearings, for safety and
stability, would be considerable. Another
plan is the division of the axle in the cen-
ter. The sleeve joining the two ends must
be so long and heavy, and the fittings and
details for oiling, adjustment, etc., so expens-
ive, that two internal journal-boxes, on a
middle beam of the truck frame would pei--

haps be a better arrangement, and this would
be neither cheap nor light.

The difficulties we have mentioned have
been, we think, very successfully avoided in

the axle shown in the engraving.* It is

* Patented by D. M. and A. G. Cummings. Pro-
prietors, Cuinmings, Wells & Godfrey, Enfield, N. H.
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simply a solid iron or steel axle,

made smaller at one end to receive

a loose steel sleeve, upon which the

wheel is fastened, and upon which

also the journal-box rests. The op-

posite wheel is made fast to the axle

in the usual manner. The sleeve is

24 in. long, bored at the ends to fit

the axle, but counter-bored slightly

in the middle to give slight flexi-

bility. The small end of the axle is

1| in. diameter; the large end of

the taper is 3| in diameter. At this

point there is a 6 in. fast collar, from

which the axle tapers the other way
towards its center. The steel

sleeve is held against the collar by
a loose collar B, eight inches long,

which is screwed upon the end of

the steel sleeve. The axle is of the

full size, where this loose collar

comes, so that the strength is not de-

pendent upon the latter. The collar,

however, increases the length of the bearing

of the steel sleeve upon the axle to 30 in. The
loose collar is kept from unscrewing by the

three set screws C (shown in plan in the

upper figure), and these set screws are kept

from unscrewing, by a washer D fitting into

the recessed boss c of the loose collar B.

By slightly riveting the opposite corners of

the set screw over the washer, the latter is

kept in place. Should the bearing between

the axle and the steel collar wear, the lost

motion may be taken up by withdrawing the

set screws, facing off the end of the steel

sleeve, and screwing up the loose collar.

Oil from the axle-box will be constantly

thrown, by centrifugal force, up the inclined

portion of the axle, so as to keep all these

parts lubricated. The oil may be prevented

from escaping, and dust from entering, at

H, by means of a hydraulic packing leather

and plate G, F. The details have been

very thoroughly worked out by a skillful

nieshanic.

It will be observed that the strength of

the axle is not impaired. Although the in-

ternal axle is small, the external steel sleeve

brings the whole structure up to full size.

Experiments upon hollow axles show that

the sleeve would be nearly or quite as strong

bored out as if solid. The ad iitional weight

is chiefly that of the loose collar B.

We learn that several sets of these axles

are being fitted up for trial on the Pennsyl-

vania and other roads.

STEAMSHIP PERFORMANCE-THE
KCENIG WILHELM.

In a previous number* we gave the par-

ticulars and performances of one of Mr.
Reed's new iron-clads—the Hercules. The
remarkable results of Messrs. Penn's en-

gines, in this vessel, have been largely com-
mented upon in the technical press. We
now quote from "Engineering" some par-

ticulars of another of Mr. Reed's vessels

—

the Koenig Wilhelm, a new Prussian iron-

clad—and the results of the engines of

Messrs. Maudslay, Sons and Field, builders

of equal renown.

This vessel is 372 ft. 4 in. long over all,

and 355 ft. 10 in. between perpendiculars,

with 60 ft. beam ; being 30 ft. 10 in. longer

and 1 ft. broader than the Hercules, while
her tonnage is 5,-938-g-A tons, being nearly

705 tons in excess of that of the last named
vessel. She is provided with an armored
battery commencing 42 ft. aft of the fore

perpendicular and extending for a length of

232 ft. on the main deck, this battery being
protected ' at the sides with 8 in. armor
plates, and at the ends by plates 6 in. and
5-^ in. thick. Besides this main battery

there is an after battery protected with 6

in. plates, and having a port pointing di-

rectly astern ; and also armor plated bulk-

heads on the upper deck. At the water line

the Koenig Wilhelm is protected by a belt

* Van Nostxand's Magazine, Vol. I, No. 3, p. 204.
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of armor plating of which the lower edge is

6 ft. 8 in. below the water line amidships

and a little less forward, whilst under the

counter it rises considerably. The lower

strake of this belt is composed of plates 7

in. thick amidships and tapering to 5 in.

thick at the extremities, while the remain-

der consists of plates 8 in. thick amidships,

tapering to 6 in. fore and aft. From the

particulars we have just given it will be seen

that the Kcenig Wilhelm is less heavily

plated at the water line than the Hercules,

while over the upper part or battery the ar-

mor is slightly heavier than that ot the lat-

ter vessel. The port sills of the Koenig Wil-

helm are 10 ft. above the water line amid-

ships, while those of the Hercules are 11

ft. ; and there can be no doubt that the ad-

ditional free board possessed by the latter

vessel would prove of great advantage to her

in the event of an action in rough water.

The Koenig Wilhelm is fitted with a set

of three-cylinder engines, by Messrs. Mauds-
lay, Sons and Field, and we think that the

performance of these engines during the re-

cent trial must have given unqualified satis-

faction to their makers and to all concerned.

The cylinders are 95 in. in diameter, with

4 ft. 6 in. stroke, and during the trial they

were run at a mean speed of 61 revolutions,

and a maximum speed of 65.333 revolutions

per minute, corresponding to piston speeds

of 576 ft. and 588.117 ft. per minute re-

spectively. The engines are fitted with sur-

face condensers, exposing 17,250 square feet

of surface ; and steam is supplied by eight

boilers, having 22,600 square feet of heating

surface, and a fire-grate area of 890 square

feet. Although rated at but 1,150 nominal

horse power, the engines developed during

the trial a mean indicated power of 8,345

horses, whilst during the running of the

sixth mile the indicated power reached no

less than 8,663.889 horse power, the highest

result, so far as we are aware, ever obtained

on shipboard with any engines, or under any

circumstances ; and one on which we think

Messrs. Maudslay may fairly be congratu-

lated. We give, on another page of the

present number, engravings of the indicator

diagrams taken during the sixth run, when
the above power was developed, and to these

and the particulars which accompany them
we refer for more detailed information con-

cerning the performance.

As we have already instituted a general

comparison between the Koenig Wilhelm and
the Hercules, it may be interesting that we

should similarly compare the engines of the

two vessels, constructed as they have been
by our two leading firms of marine engine
builders. The principal results obtained
during the respective trials were as follows

:

Hercules, Ktenig Wilhelm,
engined by engined by

Perm. Maudslay.

Revolutions per min , max 72 65.333
" " mean 71.51 64

Piston speed in feet per min , max., 648 '588.117
" " mean, 613.59 576

Mean pressure of steam in boilers, 29.5 lb. 30.5 lb.
" " cylinders, 20.0 lb. 22.483 lb.

Average vacuum* 27.08 hi 27.875 in
Nominal horse power 1200 H.P. 1150 H.P.
Mean indicated horse power 8528.75 H.P. 8315 H.P.
Maximum ? 8663 SS'JH.P.
Number of times the mean indi-
cated exceeds the nominal horse
power 7.106 7.256

The proportions of heating and condens-
ing surface and fire-grate area to the power
developed in the two sets of engines are as

follows

:

Square feet per mean in-
dicated horse power.

Kcenig
Hercules. Wilhelm.

Heating surface. 2.7 2.9
Fire-grate area 0.105 0.10S
Condensing surface 2.43 2.067

The draught of the Koenig Wilhelm, on
the occasion of her trial, was 24 ft. 4| in.

forward and 26 ft. 4^ in. aft, while her dis-

placement was 9,542 tons, or 862 tons more
than that of the Hercules during the corres-

ponding trial. The area of immersed mid-
ship section, on the other hand, was 1,306
square feet, or 9 square feet less than that

of the Hercules. For the particulars of the

speed attained during the different runs, we
must refer to page 135 of the present num-
ber, where these details are given, and we
need only state here that the true mean
speed, as determined by the "mean of

means," was 14.499 knots against the speed
of 14.691 knots attained by the Hercules.

The coefficients given by the respective full

power trials of the two vessels are as follows

:

Kcenig
Wilhelm.

Speed3X mid. sec.

"T^DdTiTPT
-

Hercules.

488

Speed3Xdisp.5 -,-_
164.3

Ind. H.P.

It is, we think, unnecessary that we should

comment upon the facts we have laid before

our readers, as the remarks which we have
on previous occasions made concerning the

* The weather barometer stood at 30.2 in. on the
occasion of the trial of the Hercules, and 30.4 in. on
that of the Koenig Wilhelm.
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Hercules will apply almost equally well to

the Koenig Wilhelm. This being the case,

we need only say that we consider that to

Mr. Reed is due the credit of having pro-

duced in these vessels the two finest iron-

clads afloat; and while we cannot but con-

gratulate the Prussians on the possession of

the Koenig Wilhelm, we still more congratu-

late ourselves on the possession, in the Her-
cules, of a vessel which we believe to be, in

many respects, her decided superior.

NEW ENGLISH LOCOMOTIVES.

In reviewing the late locomotive practice

in England, "The Engineer" says that little

or nothing has been done that was not done
before. The relative merits of inside and
outside cylinders remain in dispute. On
the Great Eastern system, where Mr. Sin-

clair employed outside cylinders solely, Mr.
Johnson, his successor, is building nothing

but inside cylinders, while Mr. Adams, of

the North London Railway, who built only

inside cylinder engines, is now using outside

cylinders. We mention these facts simply

to illustrate the diversity of opinion which

exists all over the kingdom on this point.

So long as cylinders can be kept down to a

diameter of about 18 in. the advantage

seems to be with the inside type. The 4 ft.

8 1 in. guage is too narrow for cylinders of

larger diameter, unless the valve boxes are

pushed out of their legitimate place, or the

valves are left unbalanced.

The following are the particulars of some
new standard engines

:

FOUR WHEEL COUPLED LOCOMOTIVE,

built for the Great Southern and Western
Railway of Ireland at the Compauy's works
at Inchicore, Dublin, from the designs of

Mr. A. M'Donnell, the locomotive superin-

tendent of the line. This engine, although

possessing no striking peculiarities, is yet

well worthy of attention as a good example
of a passenger locomotive for the 5 ft. 8 in.

gauge. The engine is simple in construc-

tion, and ample bearing surfaces are pro-

vided for all working parts ; whilst advan-

tage has been taken of the width of the

gauge to obtain a good large fire-box. The
guide-bars, piston-rods, axles, axle-box

guides and axle-boxes are of steel. The
principal dimensions of the engine are as

follows :

Boiler. ft. in.

Diameter of barrel inside smallest plate 4
Length of barrel 9 7

l't. in.

Length of fire-box casing 5 l

Length of inside fire-box at bottom 4 (5

Width of inside fire-box at bottom 3 11
Height of inside fire-box at front 5 4|
Ileigbt of inside fire-box at back 4 8J
(All dimensions of inside fire-box are inside

dimensions.)

Tbiekness of barrel and fire-box casing
plates 04

Thickness of smoke-box tube plate o|
Number of tubes 174
Length of tubes between tube-plates 9 10|
Diameter of tubes outside tube-plates 2

Heating Surface. sq. ft.

Tubes (outside) 887.7
Fire-box 95.45

Total 993.15

Fire-grate area , 17.6

Wheels and Axles. ft. in.

Diameter of driving wheel 6 6
Diameter of trailing wheel 6
Diameter of leading wheel 4
Distance between centers of leading and

driving wheels 7
Distance between centers of driving and

trailing wheels 7 9
Total wheel base 14 9

Cylinders.
Diameter 1 4
Stroke 1 10
Distance apart from center to center 2 6^
Distance apart of frames 4 7

Weight of Engine.
Empty : tons. cwt. qr.

On leading wheels 9 5

On driving wheels 10 4
On trailing wheels 9 17

Total 29 6

In working order : tons. cwt. qr.

On leading wheels 10 5
On driving wheels 11 1

On trailing wheels 11 1

Total 32 7

Mr. M'Donnell, we may mention, is now
building for his line two double-bogie en-

gines on Mr. Fairlie's plan, these engines

having boilers and general details similar to

those of the locomotive we illustrate.

SIX COUPLED TANK LOCOMOTIVES,

from the designs of Mr. Samuel Johnson,
by Messrs. Ruston, Proctor and Co., of

Lincoln, for the Great Eastern Railway.
These engines are intended more especially

for shunting purposes, for which they are

excellently adapted. The cylinders, which
are inside, are placed at an inclination of 1

in 10, this being just sufficient to enable the
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guide-bars to be kept clear of the leading

axle. The water is carried in a pair of

wing tanks, and the fuel in a coal box at

the back of the foot-plate, a cast-iron bal-

ance weight being placed beneath the latter

to increase the weight on the hind wheels.

The leading and driving springs are arranged

above the axle-boxes in the ordinary way ;

but at the trailing end the weight is carried

by a transverse spring placed behind the

fire-box. In some six-coupled goods engines,

with tenders, recently built from Mr. John-

son's designs, a transverse spring is also

us^d at the hind end, whilst the leading and

driving springs are connected by compensa-

ting beams, so the engines are carried on

three points, the transverse spring of course

acting as a compensating beam between the

two bearings of the trailing axle. In the

construction of these engines steel has been

largely employed, the horn-blocks, slide-

bars, piston-rods, crank-pins and tyres being

all of Messrs. Vickers, Sons and Co.'s cruci-

ble steel. The barrel of the boiler is made
of two plates, butt-jointed above the water

line. The principal dimensions of the en-

gines are as follows :

Cylinders. ft. in.

Diameter 1 4

Stroke 1 10

Distance apart from center to center 2 4
Length of ports 1 2

Width of exhaust ports 3

Width of steam 1^

Width of bars 1

Distance from center of driving axle to cen-

ter of exhaust port 8 10

Working Gear.

Length of connecting rods between centers, 5 6

Diameter of bearing at large end 7

Length of bearing at large end 4

Diameter of bearing at small end 3

Length of bearing at small end 3

Width of guide bars (double) 2J
Length of crosshead blocks 9

Diameter of piston rods 2\
Diameter of valve spindles If
Distance between centers of valve spindles, 4

Boiler.

Diameter of ban-el (inside) 3 9

Length of barrel (inside) 9 1

Length of fire-box casing (outside) 4 4^
Width of fire-box casing 3 11

Depth at front below center line of boiler, 4 5|
Length of inside fire-box at top 3 8
Length of inside fire-box at bottom 3 9

Width of inside fire-box at bottom 3 4
Height of inside fire-box at front 5
Number of tubes 124
Diameter of tubes (outside) 2

Length of tubes between tube -plates 9 4^
Diameter of blast nozzle 43

ft. in.

Diameter of chimney at top 1 3
Diameter of chimney at bottom 1 4

Heating Surface. gq. ft.

Fhe-box 70.8
Tubes 608.2

Total 079.0

Fire-grate area 12.5

Tanks. ft. in.

Length of side tanks 10
Height of side tanks ..... 4 3|
Width of side tanks at widest part 1 6
Contents of tanks 778 gallons.

Length of coal box 2
Width of coal box 7 3|

Wheels and Axles.

Diameter of wheels 4
Distance between centers of leading and

driving wheels 6 9
Distance between centers of driving and

trailing wheels 6 9
Total wheel base 13 6

Bearings of Driving Axles.

Length 7
Diameter 6|
Distance apart from center to center 3 11£
Diameter of axle between cranks 6£

Bearings of Leading and Trailing Axles.

Length 6

1

Diameter at center 6
Diameter at ends 7
Distance between centers of bearings of

leading axle 3 \\
Distance between centers of bearings of

trailing axles 3 10
Diameter of leading and trailing axles at

centers 6

Frames.

Length inside buffer beams 22 6
Distance apart , 4 1

Thickness 1|
Depth (extreme) „ 2 74
Width over footplate at leading end 7 7
Width over footplate at trailing end 8 4

The weight of these engines is about 35
tons in working order, and they will exert a
tractive force, less the internal resistances,

of 117.3 lb. for each pound of effective pres-

sure per square inch on the pistons. Thus
with a mean effective pressure of 98 lb. per
square inch they would exert a tractive force

of about 11,500 lb. The boiler is worked
at a pressure of 140 lb. per square inch, and
is fed by a pair of injectors.

The engines we have described are, as

we have said, well adapted for the work for

which they are intended ; and we under-
stand that their performance has proved
exceedingly satisfactory.
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STEEL RAILS.

STANDARD PATTERNS ILLUSTRATED.

The sections of rails shown on the opposite

page, embrace some of the best patterns, of

various weights. The engravings (except-

ing fig. 3) are half size, and are made accu-

rately to scale. The patterns are as follows :

j- IG . l._65 lb. Erie Rail.—Of this pat-

tern, some 1,000 tons had been made, on a

large order, for the Erie road, by Messrs.

John A. Griswold & Co., Troy, up to Octo-

ber last, when the converting works were

destroyed by fire.

Fig. 2.—56 lb. Penn. Railroad Pattern.

—This rail was designed by Mr. J. Edgar

Thompson, President of the Pennsylvania

Railroad, but a heavier pattern (fig. 4) has

thus far been adopted on that line. Of the

56 lb. pattern, the Pennsylvania Steel Com-
pany have made some thousand tons for va-

rious roads—the Pittsburg, Fort Wayne
and Chicago ; the Michigan Southern, &c.

Messrs. John A. Griswold & Co. have made

about the same quantity of the same pattern

for the Chicago and Northwestern, Rensse-

laer and Saratoga, and other lines. This

may be called a favorite pattern. It is high

enough to be fished to advantage, and well

shaped for this purpose.

Fig. 8.—80 lb. Paris and Lyons Railway.

—This pattern is specially intended for fish-

ing, though we consider the recpuired angle

of the fish plate bearing too great ; too

great a strain would be brought upon the

bolts. The rail below it (fig. 5) is much
better in this regard. We think a wider

head would also be preferable. But the

base is very wide—51 in., and affords an

excellent bearing on the sleepers. The
rails are 19 ft. 8| in. long each. Then-

ends are unsupported, the distance between

the sleepers, between which the joint is sit-

uated, being 23§ in. The sleepers next are

at a distance of 2 ft. 3^ in., and the others

of 2 ft. 7| in. This gives eight sleepers per

rail. The sleepers are made of ordinary, not

of hard, sorts of. wood. The dimensions of

sleepers are : length, 8 ft. 6 in. to 9ft. 2 in.;

breadth, 7^ in. ; height or thickness be-

tween, 5^ in. to 6^ in., according to the na-

ture of the wood. On the Northern Rail-

way of France the rails are 5 in. deep, 4^
in. wide at the side, with web -f£ in. thick,

and they weigh 76 lb. per yard. The Bessemer
works at Terre Noire are manufacturing the

rails above described for the Lyons Railway.

Fig. 4.—67 lb. Pennsylvania Railroad
Pattern.—This is the standard pattern on
this line, for both steel and iron. Not less

than 10,000 tons of steel rails from this pat-

tern, about half of them having been made
by the Pennsylvania Steel Company at Har-
risburg, are in use. The shape of the head
might be slightly improved for fishing, but
altogether, it is an excellent pattern.

Fig. h.—The.mib. "Ashbel Welch" Rail.

—Mr. Ashbel Welch, the President and
Engineer of the combined Camden and Am-
boy and New Jersey Companies, long ago
determined to get the maximum service out

of the new material. Instead of following

the proportions adopted for iron, he made a

pattern specially adapted to the greater

strength of steel. His first pattern was still

thinner in the flange than the present one,

and although he expected to meet the views

of rail makers a little more closely, in the

end, be determined to test the capacity of

steel to roll into such thin shapes, and its

capacity to stand the service when rolled.

—

So he told the rail makers that they must
make his pattern or none. John Brown &
Co. at length undertook it, and found less

difficulty than they had expected. The rails

were put down where the service was hard-

est on the Camden and Amboy line, and
stood perfectly. But upon the representa-

tions of rail makers that such very thin

flanges would cost more—there being more
" wasters"—and that they would not be as

strong in proportion to their metal as thicker

ones, on account of their cooling and roll-

ing cold while the rest was hot, Mr. Welch
changed the pattern to that shown in fig. 5,

This is not a pattern that red short steel,

or roughly cast ingots, will roll into with

any success, but the Pennsylvania Steel Com-
pany have just rolled 500 tons of it for the

Philadelphia, Wilmington and Baltimore

line, without more than the usual number of

bad flanges—in fact, without any difficulty

to speak of. This is a very carefully stu-

died and, in an engineering point of view,

excellent pattern, but railway companies

have thus far selected the other rail of the

same weight (fig. 2) in the majority of cases.

Fig. 6.—67 lb. Erie Steel-headed Rail.—
This is the latest Erie pattern. The Trenton
Iron Company are now rolling this pattern,

on an order, the extent of which we ehall

not undertake to mention. They are pro-

ducing excellent rails with heads made
either of puddled steel, or of steel made by
the Siemens-Martin process.
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Fig. 1. Fig. 2.

Fig. 3.
Fig. 4.

Jt.

Fig. 5.
Fig. 6.
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REEVES' NEW JOIST FASTENING.
Fig. 1.

CI

6

ft

The most approved form of this excellent

device, to which we have referred on other

occasions, is illustrated by the above cuts. It

should be explained that stops n and m, fig.

2, are not used on both sides of the rail.

The single stop n requiring only the corner

of the flange to be cut off, has been hereto-

fore used. Mr. Reeves, however, prefers

the two stops m m.
The advantages of this joint fastening, es-

pecially for steel rails, are very clearly set

forth by the letter of Mr. Hinckley, Presi-

dent of the Philadelphia, Wilmington and
Baltimore Railway (see page 357). The
engineer of this line reports that only two
nuts in the 8,000 in use have been found
loose, and that only one clamp has been
broken, and this by driving it with a sledge

ffipon the rail. The motion of a train over

these joints is noticed to be very smooth,

and instead of the clatter observable in case

of a common chair, or any loose joint, a
peculiar ringing noise is heard, resembling
the sound of a solid piece of metal when
struck. This is the best evidence of the
continuity produced by a tight joint.

The elasticity of the joint is another no-

ticeable feature. There is nothing about it

representing an anvil. The points a, c, e,

and also the edge of the flange, may all

yield very slightly. That they do so yield

is proved by the fact that no wear is ob-

served between the parts in contact. Wear
always occurs between rigid parts similarly

situated, as in case of the old-fashioned

compound rails.

The weight of this fastening complete,

with clamps 14 in. long, is 30 lbs. Its cost

is $2.

rHE Rensselaer Polytechnic Insti-
tute—This scientific school is one of

oldest, if not itself the oldest, in the coun-

try; and certainly no other American insti-

tution has furnished so many successful

engineers. The course of study is very

severe ; and young men who graduate and
receive their degrees at Troy are qualified

to commence brilliant and useful careers.

It seems strange to us that for so many
years, during which other institutions, no
whit more deserving of support, have been
munificently endowed, this one has been
left entirely dependent upon the fees of the

students. As a consequence those rates are

comparatively high. Two hundred dollars

a year is, we are informed, the present

charge for tuition ; and it is not found to be

more than sufficient for the maintenance of

an efficient system of instruction and prac-

tical training. But it undoubtedly operates

to prevent many from attendance who would
gladly purchase, at a lower rate, the benefits

of a scientific education.

In addition to its age and general excel-

lence, the Rensselaer Institute has two spe-

cial claims upon the public. The first lies

in the fact that in the destruction of its

buildings by fire, a few years ago, its scien-

tific resources were sadly crippled. It is

true that indomitable energy and persever-

ance have done much to repair the damage.
A new and handsome building upon the steep

hill-side overlooking the city of Troy, and
the beautiful and well-appointed Winslow
laboratory close by, bear witness to the vi-

tality which inheres in this enterprise, and

give promise of its extended activity and
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influence in the future. The Institute is

gradually replacing its lost library, appara-

tus and collections. It is slowly recovering

from the disaster which befell it ; and there

is no doubt of its ultimate and complete

success on a larger scale and by a higher

standard than measured its ancient glory.

But this recovery, however sure, ought to

be quick, not slow. Whatever money can

do to annihilate time should be done.

The other claim of this institution upon
the public is the provision which has been
made in its courses for the education of

mining engineers and metallurgists. Dur-
ring a recent visit we were much pleased

with the progress already achieved in this

department, and the judicious plans matured
for the future. As our readers are aware,

Prof. Gr. W. Maynard occupies the chair of

mining and metallurgy.

When it shall at last come to pass that

our American, like the European mining-

schools, shall be distinguished, each in some
special branch of the arts related to mining,

we think Rensselaer will be likely to repre-

sent especially the metallurgy of iron, a

branch so important as to form in some
foreign schools, as, for instance, that of

Losben, the chief attraction for students,

and the main portion of the instruction im-

parted.

Troy is the site of the far-famed Bur-
den iron furnaces and rolling mill, as

well as the scarcely less celebrated Besse-

mer Steel Works of Messrs. John A. Gris-

wold & Co. The latter were seriously in-

jured—we may almost say destroyed—by
fire a few months ago, but are now being re-

built under experienced management. They
can produce at present but eight tons of

Bessemer steel daily ; but the works now in

progress will increase this capacity to up-

wards of fifty tons. The innumerable pud-
dling furnaces and other iron-metallurgical

works in Troy, added to the two establish-

ments we have mentioned, are so many ar-

guments for the importance of maintaining
with ample power, in the midst of an indus-

try so vast and profitable, an institution like

the Rensselaer, to serve as a storehouse for

the preservation and an exchange for the

communication of a great number of valu-

able observations concerning the latest pro-

cesses of the metallurgy of iron. More-
over some provision might be made for

giving certain courses of instruction by pub-
lic lectures or otherwise to the workmen
themselves. Even a common laborer accom-

plishes all the more and all the better for

understanding what he is doing.

A course of popular and scientific lectures

is in progress for the aid of the Institute

library. We sincerely hope it may succeed;

but this is too slow a means to achieve the

desired result. There is little merit in

urging other men to give their money for

the public good ; but we think ourselves

justified by the circumstances in remarking
that the rich men of Troy, and all the

graduates of the institution, or their friends,

should unite to raise for the school a large,

permanent endowment. Such assistance,

rendered at the right moment, i. e., very

soon, would have a marvelous effect in

stimulating the activity and doubling the

beneficent influence of the Institute. Who
endows the Rensselaer school ?

—

American
Journal of Mining.

ENGLISH ORDNANCE EXPERIMENTS.

EFFECT OF CANNONADING A CASEMATE,
UPON SHELLS STORED WITHIN IT.

From "Engineering."

On February 11th, an experiment was con-

ducted at Shoeburyness, with the view of as-

certaining the probable effect which would be

produced by a cannonade upon a casemate

within which loaded shells were stored, and

also the extent of damage which the explo-

sion of one shell would produce upon the

surrounding ones. For this purpose 50 live

common shells, for the nine in. rifled gun,

were disposed with the area of an armor-

plated casemate. Each of these shells con-

tained a bursting charge of eighteen lb., in

all 900 lb. of powder. The floor of the case-

mate is about 20 square feet, the height to

the crown of the brick-turned roof being

about twelve ft. The opening at the west

end of the casemate was closed up by two

seven in, thick iron plates, eight ft. six in.

by four superficial, and weighing about five

tons each. The opening at the east end was

closed by several large sheets of iron | in.

skin and the huge rope manlet. The rears

of the two casemates were left perfectly open.

The main mass of the shells, -12 in number,

and containing 798 lb. of powder, were laid

on their sides, and piled in two rows, with

their plugged ends pointing laterally out-

wards. For the convenience of aiming the

gun through the porthole, the pile of shells

was raised two ft, nine in. above the floor on

a platform about eight square feet, composed

of bags of sand and concrete, packing-bxvs.e^jr
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and loose earth, covered over with an old edge, some 70 paces, the ground was strewed

deal target. Four shells were placed against with fragments of shells and broken wood-
each wall of the casemate at the side, about

;

Outside the eastern opening the two seven

six ft. or seven ft. away from the pile. in. plates were blown away from six to twelve

The nine in. "Woolwich muzzle-loading ! ft- > two whole shells were lying among the

rifled gun was placed at 70 yards in front of. debris of sand bags ; 30 ft. from the casemate

the casemate, and laid at the center of the! a third whole shell was found perfectly

pile, as seen through the open port. The [uninjured.

charge was the full battering charge of 43 j

The front of the pile of shells before the

lb. of" large grained rifle powder, and the firing was 21 ft. from the face of the port-

Palliser shell weighed, empty, 246 lb., andi&ole ; the quantity of powder in the shells

contained a bursting charge of five lb. twelve I exploded was 342 lb. The attacking shell

oz. The gun was fired by the magneto-electric
j

would seem to have driven right through the

apparatus, and the result of the'explosion on
|

two lowest tiers of piled shells, say twelve

the exterior of the casemate was to shake the ' and ten respectively, and, in total, 22, ex-

massive brickwork and masonry of the case- 'ploding nineteen, and knocking the three

mate, to widen and increase the cracks and
j

rear ones away.

fissures made by the former firing against the

armor, and to open new ones. Inside the ' T)ractical Instruction in Engineer-
structure the wreck was terrible to look at,

j
J. ing.—The engineering course at Lafay-

the whole floor of the casemate being covered !ette College has some features which are

with the debris of concrete, earth, fallen
j

worthy of the attention of all our technical

bricks, fragments of wood, and exploded schools. While the general curriculum,

shells, commingled with entire shells which embracing four years, is designed to give

had not been injured, and which were thrown the engineer all the culture of a thorough

about in all directions, one 28 yards away on ' college course in addition to the special in-

the open beach to the rear. On closer ex- 'struction for his profession, this class is or-

aminationit was found that nineteen shells had ganized as an engineering corps, and goes

been exploded, and that 31 had been hurled
j

through all the necessary operations for the

violently away without damage. Fearful,
\

construction of a railroad from Easton to

therefore, as the destruction looked, it must; some selected terminus. This work includes

be remembered that the experiment was a Ireconnoissance, running preliminary lines,

thoroughly crucial one, and that the shells! fixing the final location of the road with the

had really shown themselves as safe maga-
j

most favorable attainable grades and curves,

zines for powder as could possibly be expected,
j

the construction of maps, profiles, cross see-

In the interior of the casemate itself there Itions, &c, the computation of excavation,

was first the concrete and earth platform; masonry, &c. The field work and office

the floor was covered to the depth of some work, including drafting and calculation, are

inches with the debris. Two shells lay close performed under the immediate direction of

to the front, one on each side of the port ; i
Professor Walling, who accompanies the

another on the sill of the west opening, the corps and directs their investigations. The

four which were stood erect along the rear bridges, tunnels and depots, are also beat-

part of the west wall being all blown aslant, ' ed, and all necessary plans and calculations

and two others out of the pile lying aslant ' are made, with a discussion of the princi-

likewise, close to the wall beside them. The iples involved. In short, the whole work of

large iron skin (6 ft, 6 in. by Oft, 6 in., 3|
in.) at the back of the shield buttress, was
blown down.

To the seaward, within seven ft. of the ease-

mate, there were ten unexploded shells, one

had a fragment broken from its rear end six

in. in length and one in. wide. Sixteen feet

seaward of this again, lay two whole shells

on the west side, and at fourteen ft. one on

the east side ; and still farther seaward, 28
yards away from the casemate, lay the most
distant of the shells east away from the pile

by the explosion. Thence to the water's

a division engineer is performed, so that the

graduate has not only scientific theory, but

actual practice, and is ready at once to as-

sume important and responsible positions.

We may add that the technical courses at

Lafayette have all been recently enlarged

and greatly improved. Mr. Pardee, of Ha-
zleton, Pa,, has contributed for this object

the munificent sum of two hundred thou-

sand dollars, making, with the generous do-

nations of other friends of the institution,

nearly half a million of dollars lately added

to the college funds.
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PAPERS ON CONSTRUCTION.
No. I.

By Lieut. C. E. Dtttton.

The determination of the strength of ma-

terials involves an investigation into the fol-

lowing conditions : (1) the nature of the

material ; (2) the stress to which the various

pieces are subject ; (3) their shapes and di-

mensions
; (4) the manner of their support.

Although other conditions must be frequent-

ly considered, the foregoing are universal.

It is not proposed, in these papers, to dis-

cuss the more general properties of material

separately, since these are in the main well

understood. Particular discussions, how-
ever, in connection with other conditions

will be given in the proper places.

The strains to which material is subjected

may be reduced to five kinds : (1) tension,

(2) compression, (3) transverse strain, (4)

shearing, (5) torsion. To these might be

added a sixth, viz ; those internal strains

resulting from the peculiar molecular con-

stitution of the material when subject to

certain forces acting upon molecules or

atoms. This kind of strain, however,

should more properly be considered in a

discussion of the nature of materials.

1. A body is subject to a strain of tension

when tAvo forces are acting upon it in opposite

directions, and from each other. A body
fixed at one end, and having a tensile force

applied to the other, resists rupture by the

cohesive force inherent in the molecules

which constitute it. It is generally as-

sumed that, in a body nearly homogeneous,
each molecule opposes to a given force a re-

sistance nearly equal to that of every other

molecule. Although this assumption is only

approximately true, it is necessary to make
it, since it is the only way in which we re-

duce the phenomena of resistance of mate-
rials to system, and subject them to analysis.

It will be safe enough to assume, what-
ever may be the resistance of any molecule
to rupture by a given force, that their aver-

age resistance is a constant quantity. On
this assumption the total resistance of a

body to rupture by tension, at a given sec-

tion, will be the sum of the resistances of

all the molecules of that section. The
number of these is directly proportional to

the area of that section, and hen -e the re-

sistance will always be proportional to that
area.

This proposition must be qualified in par-
ticular cases by the condition that the stress

Vol. I—No. 4.-22.

be applied equally, and at the same time, to

every portion of that area. In the case of

a cylindrical rod, or bar, if the force be ap-

plied at the convex surface of the cylinder

only, it is evident that a portion of the sur-

face will be strained more than the central

or axial portions, and the cylinder will yield

to a force less than that due to the area of

section, by the rupture, first, of the surface

portions, and then of poi'tions successively

nearer the axis.

2. All materials under tension are elon-

gated. The elongation becomes permanent

when the tension is great, and increases in

a higher ratio than the force applied. A
restoration takes place when the force is re-

moved ; but it is only partial, except in cases

where the force is slight compared with the

ultimate strength of the material. Con-

tinuous tension, or tension repeatedly ap-

plied, even within the limits of elasticity,

will produce a set, and if sufficiently con-

tinued will ultimately produce rupture, or

seriously impair the strength. A slight

diminution takes place in the permanent set

when the body is allowed a protracted rest-

Within the limits of tension to which sound

practice would subject any material, it will

give a closely approximate result if we make
the extension proportionate to the force ap-

plied. It is also in direct ratio to the

length of the piece, and in an inverse ratio

to the area of section ; whence the following

formula : e =-?-m, in which e= the exten-
A

sion, t — the strain, I = the length of a piece

of uniform section, A = the area of that

section, and m= a co-efficient to be deter-

mined by experiment.

In most equations relating to the strength

of materials, experimental co-efficients ne-

cessarily enter. These co-efficients are de-

pendent for their value upon the properties

of the materials under discussion, as deter-

mined by direct experiment. Thus, in an

expression of the tensile strength or resist-

ance to compression, it would indicate the

tenacity or resistance per square inch : in

an equation of transverse strength it may
express the transverse strength of a piece of

material one foot long and one inch deep.

In general it may be said to express the

value or amount of a particular property,

found experimentally in a piece of the ma-
terial under discussion having given dimen-

sions.

For a moderate stress of tension the

elongation of a bar is approximately a
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measure of the strain. The modulus of

elasticity for extension (which is a method
of expressing the resistance to extension) is

determined by the amount which a bar of

given size can be extended by a given

weight. This resistance will evidently vary

directly as the length and stress, and in-

versely as the extension. Let I be the

length, s the stress, and e the extension
;

thenilf=— This expresses merely the

intensity of resistance within the limit of

elasticity, and does not hold good beyond it.

3. In practice it is found necessary to di-

vide the theoretical strength of all materials

by a divisor varying with the material and
kind of strain, for the working strength of all

materials intended for continued use is seri-

ously affected by various causes which can-

not be calculated, except as average results

of experience. In tensile strains the safe

load is usually estimated at from one-tenth

to one-fifth the theoretical strain. The di-

visor is called the "factor of safety. Since

all estimates for strains, of whatever kind,

require modification by a suitable factor of

safety, the relations of "breaking loads,"
" proof loads," and "working loads," to

each other will be specially treated of here-

after.

4. Resistance to crushing.—Crushing is

an operation of considerable complexity.

In practice materials seldom yield to direct

compression. It is only when pillars of con-

siderable length are subjected to such a

stress that rupture occurs, and then it is

produced by flexure, and almost never by a

collapse of the material itself. The strength

of a column, therefore, will depend both

upon its resistance to crushing and its rigid-

ity. Mr. E. Hodgkinson, of Manchester,

has investigated this subject experimentally

with great ability, and his results have be-

come standard among engineers.

Rupture by compression may take place

in the following modes : (1) by splitting in-

to laminated or prismatic fragments, like

hard wood well seasoned; (2) by bulging,

lateral swelling, or spreading, which is char-

acteristic of tough, ductile material like

wrought iron. In both these cases the re-

sistance is decidedly less than the tenacity,

and takes place gradually. (3) By sliding,

or oblique shearing, which occurs in sub-

stances of a granular or crystalline texture

like cast iron and stone. In such cases

wedges or cones are forced out laterally.

(4) By buckling, which takes place in beams

made of flexible material, and longer than
those which yield by bulging.

The formulae obtained by Mr. Hodgkin-
son are as follows

:

Let D= the external diameter or side of
square in inches.

Let d= the interior diameter of hollow col-

umn in inches.

Let I= the length in feet.

Let w = the breaking weight in tons (2000
lbs.)

Solid cylindrical column
cast iron, .

\

Hollow cylindrical col- )

> IV

49.4

49.6

TJ3.B5

umn cast iron, .
)

"
I

1

,

1

Solid cylindrical column ) . )n --D 3-

1.+ \ w=149.7

—

,Twrought iron, . . .
) [

2

Solid square pillar of) -, n ,-, Di

oak,/ . /.
.

.|*>=12.2-F
The foregoing formulas are for columns

with flat ends whose lengths are from 30 to

60 times their diameters, and which yield

wholly by bending. When the columns are

shorter than these proportions, and are

longer than five or six times their diameter,

the rule is as follows : first, find the value

oiw by one of the preceding formulae; then

let c= the crushing strength per square inch

of the material under discussion, then

breaking weight =o o c

l-{-.75^
The following formula is deduced by Mr.

Lewis Gordon from Hodgkinson's experi-

ments for a column of any section.

Let w = breaking weight in lbs., a =
sectional area in inches, I = length, d =
the least external diameter, c = a constant

dependent upon the crushing strength per sq.

in. of .the material, e = a constant depend-

ent upon resistance to flexure; then, approxi-

*. i
c a

mately, w= —
-„.

The following are the values of c and e for

iron pillars having flat ends :

Values of e.

Wrought iron sinm
Cast iron ¥^

Values of c.
Breaking

load.

Wrought iron.; 36,000
Castiron I 80,000

Proof
load.

"Working load.

18,000
26,700

6,000 to 9,000

13,300 to 20,000
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In using the foregoing formula it will be

necessary to use care in determining the

ratio — . In wrought iron frame-work and

machinery the bars which act as struts, in

order that they may have sufficient stiffness,

are made of various forms in cross section,

well known as "angle iron," "channel iron,"
" T-iron," and "double T-iron," etc. In
each of these forms the line to be considered

as d is the diameter in that direction in

which the bar is most flexible, of a triangle

or rectangle circumscribed about its sec-

tion.

The ultimate resistance of wrought iron

tubes, composed of plate iron riveted to an-

gle irons at the corners, was stated by Mr.
Fairbains to be 27,000 lbs. per square inch

of section of iron. This is in cases where
the ratio of length to diameter exceeds 30.

The yielding is always by buckling. But
when a number of these tubes are placed

side by side, the resistance becomes 33,000
or 36,000 lbs. The same co-efficients apply

also to cylindrical tubes. (Rankine.)

5. In cases where the center of pressure

does not coincide with the axis of the col-

umn, it is evident that a greater strain will

be thrown on one side than on the other,

and the load which the column will sustain

will therefore be diminished in the ratio in

which the mean intensity of the stress is less

than the maximum intensity. To find that

ratio it is sufficiently near the truth to as-

sume that the stress is uniformly varying.

Let x= the greatest deviation of the cen-

ter of pressure from the center of figure in

any cross section ; that is, the greatest de-

viation of the line of action of the load

from the axis of the pillar. Let x 1 be the

distance of the point of greatest stress from
the axis of the pillar ; that is, the same
diameter of the pillar in the direction in

which the load deviates from the axis.

Let I denote what is called the moment
of inertia of the cross section of the pillar

fa term which will be explained under the
head of transverse strength) ; let S = the
area of the transverse section in sq. inches,

and lety== the resistance of the material to

crushing in lbs. on the sq. inch. Then the

fS
crushing load is P = ^S. The follow-

ing are some of the values of

formula. (Rankine.)

I
in this

I. Rectangle lib ; b neut- ) _6_

ral axis, ) h

II. Square A2 -
r-

III. Ellipse; neutral axis b; ) 8_

other axis A, . . . ) h

A
IV. Circle; diameter A,

V. Hollow rectangle out-
")

side diameter A b ; in- I 6 A (A b-h'b')

side diam. h' b'; neut-
j

A3
b - A'

3 V
ral axis b, . . . .J

6'h

A2
-|-A'

2

Sh
' A2+A/2

A horizontal

VI

VII

Hollow square A2 - A'
2

Circular ring diame-
ters A and hi . .

Transverse Strength.

-

6.

beam having one end fixed in a vertical

wall, and subjected to stress in a direction

perpendicular to its length, will be forced

out of its normal shape and subjected to in-

ternal strains of a complex nature. If a

weight act vertically downwards, the upper
laj^ers of the beam will be subjected to ten-

sion, and the lower layers to compression.

There will be an intermediate layer where
neither of these forces operates, and this is

called the '•'Neutral Axis."

Fig. I.

It is plain that the greatest tension occurs

at the upper surface, and the greatest com-
pression at the lower surface, and the

amount of change in any layer is propor-

tional to the distance of that layer from the

neutral axis. The effect produced upon the

beam by a given weight will obviously vary

directly as the distance from the wall at

which it is applied. If A C, Fig. I, be the

neutral axis, then A C B aud A C B" may
be regarded as bent levers of which the

arms C B and C B' are constant ; and if the

weight IF be applied at the distance x, then

the effect of W will vary as x. If W be
multiplied by the distance at which it acts,

the product will be what is called the "Mo-
ment of the Weight.;" i. e., the amount and
efficiency of the force as determined by its

" leverage.'' When the weight is applied at

a single point, then the moment of weight
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= Wx. When it is distributed over a con-

tinuous length, it is plain that each point

has a moment of its own, and that the whole
moment will be equal to the sum of the mo-
ments of all the parts. Suppose the beam
to be divided up into an indefinite number
of equal parts, having the length dx; then

the weight on each of these parts, will be

proportional to the length of the part, and
equal to the intensity of the weight multi-

plied by this length. The intensity of

weight for a unit of length is equal to the

whole weight divided by the whole distance

over which it is distributed, and in case the

beam is uniformly loaded over its whole

length, the intensity will be -,-- and the

.
i

,

, W dx
weight upon dx= —-—

W
this weight will be —j-.x d x, in which

directly as the weight, and the distance from

A; i.e.,P — —=—. Similarly, the pres-

sure upon A will be inversely as the length,

and directly as the weight, and the distance

W(l-x)
from B; i.e., P'

I

Adding; these

I

The moment of

II
pression - - is a constant quantity. The

Z) is

M=TP
entire moment therefore (making x

_w
x , _ wn~ 2T*
Z ~"~2~'

The moment of a uniformly distributed

load is therefore one-half the moment of the

same load acting at the free end. In case

the load is uniformly distributed over a part

of the length = a between the points x and
x', the above expression becomes

M= w rx
^J x;

j-x=sKua?-x'

Making x=l and x' = l-a the above be-

comes

M= W
a
\ {V- [l-ay)= w(i-^).

7. When a beam is supported at both

ends, and a weight applied between the sup-

ports, we may consider the reaction of these

supports as forces acting upwards upon the

free ends of a beam supported in the mid-

dle ; or the beam may be considered as a

lever of the third order, where the power is

applied between the extremities. Adopting
for the present the latter view, and making
1= the distance between supports, and x =
the distance from A of the point of applica-

tion of the weight, then the pressure upon
B, or what is the same thino;, the reaction

of B will be inversely as the length, and

A x B

Fig. II.

„. D . Wx , W(l-x) MTequations P-j-P' = —=—-(-—^-.——= W, we

find that the sum of the pressures upon the

two supports is equal to the whole weight.

The moment of reaction of the support B

will be =P(x-I) = Wx (I-

T and the mo-

ment of reaction of the support A also

= P' x = —j—-— : therefore these two

moments are always equal. Since, in every

case x-\-(l-x) — I, the equation of moment

becomes a maximum when x=-^-, and be-

comes zero when x = o, or x = I. Hence the

moments of weight are greatest when the

weight is in the middle of the beam, and are

nothing when it is at either support. Making
I ,, Wx (I - x) , T1T 7

. ,

,

x = -_-, then i =| W t, i. e. , the

effect of a weight placed in the middle of a

beam supported at both ends is one-fourth

the effect of the same weight at the free end

of a beam fixed at one end.

In the case of a uniformly distributed

load we may assume the supports to be

forces acting upwards against a beam sup-

ported at the center by the weight. By re-

ferring to equation (1) it will be seen (bear-

ing in mind that x = h, I) that M—%P {l-z)

= M
^

~
= g- Wl. Hence, a beam

will support twice as great a load distri-

buted uniformly as it will when the load

acts at the center alone.

8. When the weight does not act perpen-

dicularly to the length of the beam, the

foregoing conditions are somewhat modified.

Fig. III.

Let A B represent a beam—its axis making
with the horizon an angle = (j>. Let the
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weight act vertically, and let W C repi'esent

the magnitude of the weight. Resolve W
C into two components, W D and DC; the

former perpendicular and the latter parallel

to the axis of the beam. Then D C is a

force having no transverse effect, hut is sub-

ject to the laws of longitudinal stress, while

the component WD represents the whole of

the transverse effect of W. The relation of

W D to the whole load is expressed by the

equation W D =W cos.
<f>,

and the equation

of moment becomesM=——-—=-^ —

.

9. From the foregoing, therefore, we may
deduce the general prt7tciple, applicable to all

cases of transverse strain, that the effect of a

load upon a beam varies directly as the length

of the beam. It now remains to determine

the relations of the load to the cross section.

Reverting to Fig. I, it is apparent, assum-

ing that A C B and A C B' are bent levers,

that the intensity or effect of the resistance

of any layer to extension or compression

must vary as its distance from the neutral

axis, because the leverage is proportional to

that distance. But owing to the curvature

of the beam the tendency to rupture or the

strain is also directly proportional to that

distance. These two forces are always

equal and in opposition, up to the limit of

elasticity either for compression or exten-

sion, and therefore hold the beam in stable

equilibrium. Beyond that limit the action

of these forces follows no known law. Our
discussion, therefore, must be with reference

to strains within that limit.

Let Fig. Ill represent the Fig. HI.
cross section of a rectangu-

lar beam, of which XX' is

the neutral axis. Let I be

any layer of very small x
thickness at the distance x

from the neutral axis. Let
t be the thickness of the

layer, and s the intensity of the stress to

which it is subjected. Let b = the breadth

of the beam. Since the intensity of the

stress varies directly as its distance from the

neutral axis, then — = c, a constant quan-

tity. The amount of stress on the layer I

will be expressed thus : Q = s b t = c x b t.

If we assume I to be at the edge or surface

of the beam, and divide the distance be-

tween it and the neutral axis into an indefi-

nite number of layers of the thickness t,

then the amount of stress on each layer may
be expressed in the same way as that on I.

Thus the amount of stress on the layer next
to I will be Q' = s' b t, and on the next, Q"
= s" b t. The moments of these stresses,

i. e., the amounts multiplied by the distances

from the neutral axis, will be s b t x, s' b t

(x - t), s" b t (x - 2), etc., and their sum will

be equal to the moment of resistance of the
entire portion of section under discussion.

R = bt{s x-\-s'{x ~l)-\-s ,,{x-2)+s"'(x - 3)

-j-s" (x - n)
| . Now, s = c x, s' =

c(x-t), s"= c(x-2") etc., and t =JL mh-
n

stituting these values in the foregoing equa-
tion

BT +K-
)"}-

m +m\-
The sum of the series contained in the

brackets = -^-therefore R==c b—X—= 4-
o n 3 6

c b x3
.

Substituting for c its value =—
x

Hence the resistance of a beam varies as
the square of the depth.

The same result is obtained by direct in-

tegration, thus: making t=dx, then the
moment of stress upon the differential layer

X = - z _ J ~ 8
s b x d x — —b x*

x'
d x. Then,

s
since—

x'

is a constant, the whole moment of resistance

becomes = b x" d x —-\ X^lb:.x

Making x' = x we have the same result as

before.

The factor | b x3
is termed the " moment

of inertia" of the cross section. It is

compounded of three factors, expressing as

many relations : first, the intensity of resist-

ance made by any particle of the section to

a stress, which intensity varies directly as
the distance from the neutral axis; second,
the area, b x of the section, or the number
of particles which resist, and third, the dis-

tance or moment proper from the neutral axis
at which the force acts. The factor s is

termed the modulus of rupture, of working
load, or of proof load, according as the one
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)Y other of these stresses is in question. Its

value must be determined experimentally in

beams of each kind of material, and in gene-

ral does not correspond exactly either to the

modulus of rupture for tension or for com-

pression, but has a special value peculiar io

transverse stresses.

The foregoing applies to beams of rectan-

gular section ; for beams of any other form

the expression must be correspondingly modi-

fied. The analysis given has been with re-

spect to one side of the neutral axis. An
equal amount of resistance of an opposite

kind takes place on the other side. So long-

as s does not exceed the limit of elasticity,

either for the compression or extension of

the material, the moments on both sides the

neutral axis will be equal, and we may as-

sume that this axis passes through the cen-

ter of gravity of the section. In the rec-

tangular section, making d = 2 x the depth

of the beam, and substituting, we have R =
s

. b xs — 4 s b d*, and the moment of in-
ox
ertia becomes -^ b d 3

.

10. In deducing from the foregoing the

resistance of a beam having some other sec-

tion, let m = a factor depending upon the

form of that section. Then the equation of

resistance becomes R = ^ m s b dr. The fol-

lowing table gives the values of m for seve-

ral forms.

Form of Section.

Circle D= diam.

Ellipse . . . .

Hollow rectangle b d-b'

d

1

!
Hollow circle

,

Hollow ellipse

Isoceles triangle base -— d.

.

I section where b 1 = sum of
\

the depths of channels . . \

6 7T

32"

the same.

1 _
b' d'*

TdF
6 T
"3

6
"3

0.5892

1 (lJ*L)
2 \ d* I

2 \ b d* )

same as hol-

low rectangle

11. Hence we draw the conclusion that

the transverse resistance of a beam varies as

the square of the depth. Having shown
already that the resistance varies inversely

as the length, it remains to consider the

effect of the breadth. It is plain that if we
divide a beam by a vertical plane parallel to

the axis, the strength will be in no wise
affected ; the combined resistance of the sec-

tions being equal to that of the undivided
beam. Therefore the beam will vary as the

number of elementary sections into which
we may conceive it to be divided, or, in other

words, will vary directly as its breadth.

12. The strength also will be modified by
the kind of material and its properties with

reference particularly to its resistance to

direct tension or crushing. If the resistance

of the material to tension is greater than to

compression, it will yield transversely by the

buckling or collapse of the compx*essed sur-

face. This is the case with wrought iron or

wood. If the resistance to direct compres-

sion is greater, the yielding will be by the

rupture of the extended or convex surface.

In computing the effect, therefore, of the

peculiar nature of any material, it will be

necessary to ascertain, first, whether its ten-

sile or compressive strength is the greater,

and to assume the less of the two as the true

strength. Knowing the modulus of rupture

for direct tension and compression, we would
be able to compute readily a theoretical

transverse strength of a beam of given di-

mensions and material. Practically, how-
ever, such a computation would be in many
cases valueless, because no material is per-

fectly homogeneous and free from internal

strains, which are beyond the reach of mathe-

matical investigation. A lack of homo-
geneity may not interfere with tolerably uni-

form results in experiments made upon the

tensile strength of materials, because such

defects are generally averaged throughout a

mass, and the strain at every point is uni-

form. But the tension developed by a trans-

verse stress is not uniform, but varies as its

distance from the neutral axis, and a want of

homogeneity in the extreme outer layer is

sure to make itself apparent by yielding at

the point where it is weakest. The use,

therefore, of the constants which would be

furnished by the moduli of elasticity is in-

admissible. A much more reliable method,
as already intimated, is to determine the re-

sistance of beams of standard size to trans-

verse stress for each kind of material, and
adopt the results as co-efficients.

Nor is this the only error to which such a

computation would be liable. It is found in

practice that the value of a constant depend-
ing upon the nature of the material, is con-

stant only for a given form of cross section.

The same material, in beams of different

cross sections, will offer an amount of resist-
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ance which cannot be accounted for by the

known relations of form to theoretical

strength. It becomes necessary then to

determine experimentally the value of

each kind of material in beams of various

cross sections before we can obtain an empi-

rical constant which is to be depended on.

Any other method of arriving at such values

is always liable to a very material error.

Representing by m the value- of this ex-

perimental constant, and having already de-

termined the relations of the three dimen-

sions—length, breadth and depth—we may
now proceed to deduce general expressions

for the relations of the load to the dimen-

sions of the beam, within the limits of elas-

ticity. In all cases the resistance, R must

be equal to the tendency to rupture, N ; and

the expression

N=R
must be true for all possible values and con-

ditions. But it has already been shown that

the stress or tendency to rupture is equal to

the moment of the weight JV = Wx = Wn I

(n being a constant dependent upon the po-

sition and distribution of the load), and the

resistance is a compound of the breadth, the

square of the depth, and the experimental

constant m, R= m b d\ Hence

Wnl=m bd l

.

Excellent tables, from which the values of

m may be deduced will be found in the " En-

gineers' and Mechanics' Pocket Book," by
Charles H. Haswell, Esq.

(To be continued.)

IMPROVED WORKING OF STONE QUAR-
RIES.

By M. Camille Trougnoy. Translated from "Annales
du Grenie Civil" for "The Engineer."

We saw some months ago a granite quarry

worked, at Beauvais-les-Rochers (for paving

stone) with a powerful machine, invented by

M. Joanne Ronceroy, which completely

supplants powder and yet allows of the

granite being detached in blocks and broken

up almost without waste. The principal

part of this machine is a monkey (drop) of

800 kilogrammes, carried with two iron rods

which guide it in its fall, on a carriage which

turns on the arm of a crane. This arm is

horizontal, its jib is 12.50 metres in length,

and about eight meters above the ground
level. It is the fall of the monkey which de-

taches the blocks. A chain worked by a wind-

lass raises the monkey when it has fallen, and

nippers detach it when raised. The mon-
key is a mass of cast iron with two ears

placed laterally on it, through which pass the

guiding rods, and two more on the upper

part by means of which the rope is fastened

which, with the assistance of a pulley, serves

to hang it on the raising chain carrying the

nippers. The monkey is pierced by a hole

opening into a cavity which receives a mass

of iron (a die) on the lower surface of the

monkey and which gives the blows. The
object of the bole is to enable the die to be

removed when worn. The guiding rods are

round bars of iron twelve to fourteen meters

long and six to eight centimeters diameter.

They are kept at the same distance apart by
a plate on the turning carriage, which has

two holes bored in it of greater diameter

than the rods. The lower part of the rods

is fastened and kept at a fixed distance apart

by a short iron strap, carrying two wooden
blocks winch can oscillate in the strap. Be-
tween the two blocks is left a free space

through which the monkey can pass. The
blocks of wood serve to deaden the shock

after the blow has been struck on the stone

to be detached. Finally, at each end the

strap is provided with two pulleys, on which
run two chains to raise and lower the rods

at will. These chains work on a second
windlass, independent of the one which be-

longs to the monkey. The carriage is like

that used for the cranes of stores, and jis.

worked by a chain from a third windlass.

The arm of the crane is formed by joining

two beams in the shape of a double T made
of sheet and and T-iron, between which rolls

the carriage. The complete machine carries

three arms identically the same and sym-
metrically placed. The vertical shaft is

borne on a large truck moving on rails, the-

surface of which is a square of five meters.

On this platform is placed a horse-gin, to>

which the vertical axis serves as an axis of

rotation. The horse-gin is hidden by vertical,

sides forming an enclosure, in which moves
the horse which works the horse-gin. By
means of a lever the different windlasses can
be placed in connection with the horse-gin.

Besides, the dispositions are such as that it

is possible to give a rotary motion to the-

vertical axis to which the arms are attached,,

without displacing the platform of the horse-

gin above the point on which it is to act.. All.

the windlasses are placed on a second platform
forming a kind of turn-table, placed high
enough for the horse to pass under it, and on
it stands the man attending to the working
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of the apparatus. Under the large platform

of the carriage is placed a mechanism which
is attached to the horse-gin, and which, by
means of a chain, draws backwards or for-

wards the whole system, which moves on rails.

The machine is used as follows : The
upper part of the ground is levelled ; a line

five meters wide is laid perpendicularly to

the face of the rock to be cut and five or

"six meters back ; the machine is placed on

this line. A man stands on the upper plat-

form, and turns the apparatus so that one of

the arms of the crane shall be about over a

cutting previously made in the soil to admit
a wedge which will serve to detach the mass

;

the carriage is then advanced or drawn back
sufficiently so that the strap of the two guid-

ing rods being lowered, the wedge can pass

between the two wooden blocks ; these

blocks are carefully wedged with waste stone,

so that they lie firmly on the stone, which
they can do from the slight oscillatory mo-
tion they can take. The monkey is then

raised to the required height to detach with

a single blow the block of granite correspond-

ing to the position of the wedge. The nip-

pers are loosened, and the monkey detaches

a block of from five to ten cubic meters. The
placing in position of the apparatus and de-

taching of the block takes five minutes.

Enough men must be employed to prepare

the places of the wedges, either in the blocks

to be detached or in those already detached,

which are to be broken up. Each hole for a

wedge in the granite takes an hour to make.
The inventor states that twelve workmen,
each having a man to help him, would be

recpiired, also a man to guide the machine,

and five men to move and load, in all 30

men. The machine itself can assist in load-

ing the blocks, as it is a regular crane. For
breaking up small blocks, a special machine,

which reminds one of a pile-driver is used,

only the monkey, which is comparatively

light, has a projecting cutter on its lower

surface, and which is perpendicular to an-

other cutter on a fixed cast iron anvil.

The top of this anvil is surrounded by a

framework, into which is put granite dust to

the level of the cutter on the anvil ; on this

dust the block to be broken is placed and
kept in position by means of a stiff wooden
bar. It appears that considerable saving-

results from these two machines. They
possess the advantage of not being liable to

get out of order like that which has been
used in the environs of Fontainebleau, and
which necessitates the use ofa steam ene'ine

—

a kind requiring men accustomed to the
management of steam-engines. It must,
however, be admitted that this machine is

very cumbrous, and one would like to know
whether, by adopting the principle of the use of
very heavy masses, for cutting rocks, a means
could not be discovered which would permit
of its application in the earthworks in the
limestone and granite strata which will be
met with in great numbers on the railways
authorized in 1868.

Engineering Architecture, says Pres-
ident Haughton, in his address before

the Mechanical Engineers, is a subject

which the Society would do well to keep
continually before it, because it is a line

in which we can see our way, and in

which every one admits there is room for

improvement; it is, indeed, humiliating to

think of the vast sums that have been spent
in England on grand engineering works,
with an utter disregard of appearances, and
where a modicum of aesthetic skill would
have given us so much effect and beauty.

It will be said that utility and not beauty
should be the cry of the engineer ; but this

is, after all, only the twaddle of incompe-
tency, for it is well known to those who have
given attention to art, that it costs no more
to arrange materials in effective and pleas-

ing forms, than to pile them in the shape-

less masses that attract the eye. We must
at once dismiss the assertion that beauty is

costly : it is not meretricious ornament that

is advocated, such as may be seen in at least

one of the latest engineering works.

What I ask you to aspire after in those

engineering works upon which you are en-

gaged, is form, in the aesthetic sense, in

place of that deformity which is sown broad-

cast around us, in which the British engi-

neer has hitherto glorified himself, and in

which he would seem to wish to idealize and
deify sheer strength, which in his simplicity

he sees to be incompatible with beauty of

outline. Let the engineer above all things

refuse to entertain the thought that venera-

tion for the beautiful is beneath him as a

man, or derogatory to the dignity and char-

acter of his race ; for during all times those

racus which made themselves famous for

their prowess and their majesty, their power
alike over matter and mind, were equally

renowned for the beauty and for the magnifi-

cence of their public works—those monu-
ments of glory by which, history apart, we can

now alone judge of their aristocracy of race.
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HEATING AND VENTILATION.

Compiled from the late report of Alban C. Stimers,

Esq., on the Ventilation of the Hall of the U. S.

House of Representatives.

The term ventilation when applied to a

hall of this importance should signify the

production and maintenance within doors of

pure air, properly tempered with heat and

moisture, regardless of the existing state of

the weather. A consideration of the subject

is therefore properly divisible into the follow-

ing heads

:

1. The quantity of air necessary and how
it should be introduced.

2. "Warming and moistening the air in cold

weather.

3. Cooling and drying the air in hot

weather.

The subject of regulating the degree of

moisture in the air when it is neither warm-

ed nor cooled, is naturally involved in the

above.

The Air Supply.—A cubic foot of air

at a temperature of 65° with the dew-point

at 52° will absorb 2-| grains of vapor. Each
person exhales 15 grains of vapor per minute,

and also requires ^ cubic foot for breathing,
— 6^ cubic feet of air vitiated by each per-

son per minute.

In supplying air for the ventilation of such

a hall, it is absolutely essential that the direc-

tion of the current should be vertical ; other-

wise that which has been vitiated by one

person will be given to another. If this

envelope of vitiated air be drawn upward,

the nose and mouth will be always supplied

with it, no matter how pure the air may be

one foot away ; while, if it is drawn down-
ward, those organs will always be supplied

with pure air. The temperature of the hu-

man body rarely varies 2° either way from
98°. • If, therefore, the air is supplied at a

temperature of 65°, it will be 32° cooler

than the body ; with the downward current

the head will be in this cool air, while the

feet will be enclosed in an atmosphere nearly

if not quite as warm as the blood within

them. And to " keep the head cool and the

feet warm " is one of the fundamental rules

of hygiene as well as of comfort. A cur-

rent of air coming up through the floor will

always carry the fine dust which the greatest

care cannot prevent accumulating. With
downward ventilation it is only necessary
that the dust shall be thoroughly removed
from the inflowing air at the mouth of the
inlet to keep the hall free from dust. Again :

with upward ventilation, the entire hall is

filled with vitiated air, the vitiation having

taken place near the point of admission

;

while with downward ventilation the vitiation

takes place near the point of exit, and the

whole upper part is full of pure air.

During the downward movement of the

body of air in a high room, all eddying cur-

rents, induced by the increased velocity

through the apertures, become quiet, and the

whole mass descends with a uniformity im-

possible to obtain in the vicinity of the per-

sons ventilated with upward currents ; and

one of the most important considerations to

be kept in view in ventilating an apartment

is to avoid perceptible draughts. The only

limit to the amount of air that can be ad-

vantageously supplied, is the avoidance of

sensible currents. Most people can feel a

current having a velocity of 150 ft. per

minute ; very few can perceive one of 90 ft.

The maximum velocity proposed in this case

is 50 ft., and the hall being 139$ X 93 ft. in

plan, the quantity of air required would be

047,900 cubic feet per minute.

The first method adopted by engineers and
architects to give movement to air, for the

ventilation of mines and buildings, was to

heat an upflowing column, thus lessening its

specific gravity and causing it to rise with

corresponding force. That system is still

employed in the British houses of Parlia-

ment. It has been practically demonstrated,

however, that one pound of coal burned in

the furnace of a steam boiler, which furnishes

steam to drive a fan blower, will generate as

much force, and consequently is capable of

producing as strong a current of air, as 38
pounds expended in heating a column of air

to act by its diminished gravity. English
engineers commenced about ten years ago to

apply fan blowers to the ventilation of mines.

The French had previously adopted this

practice. In addition to the economy of this

method, the complete control which the at-

tendant is enabled to maintain over the

quantity of air supplied at all times, is found
to be of great advantage.

To propel the air into this hall it js pro-

posed to place four fan blowers, having a

capacity of 200, ('00 cubic feet per minute
each, in the cellar ; thence the air passes up
through shafts to the chamber above the ceil-

ing. Here would be placed an additional ceil-

ing of plate glass and iron, of double thickness,

that it might be a non-conductor of heat, and
above this the gas burners. The air would
thus be thoroughly distributed 0"\ er the ceil-
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ing before passing into the hall. Such open-

ings through the present ceiling would be

provided, that its present ornamental appear-

ance would not be changed, and an equal

area of opening would be obtained in each of

the 165 squares into which it is divided. To
insure the continuance of the air thus ad-

mitted, in a direct vertical line down to the

floor there would be frequent openings

throughout their extent, which should com-
municate to the air-chamber beneath the

floor. The air from this chamber would be

withdrawn by means of four fan-blowers of

equal dimensions with those employed to

drive the air in. From the blowers the

air passes up through a separate duct, by
the side of the pure air duct already men-
tioned, and goes off through the roof.

—

All these blowers would be driven by one

pair of engines of 750 h. p., through the

medium of appropriate gearing, shafts and
belts. In every case of gearing there would
be wooden teeth working into a cut metal gear,

which, may be made to run with perfect

silence, and is more durable than metal gear-

ing. By running all the blowers from one

engine, a uniform relation of the forces em-
ployed in different localities is secured.

Merely forcing fresh air in, would drive

the foul air out, but this would mostly occur

through the nearest and easiest passages, so

that the fresh air would not be properly dis-

tributed. Simply drawing air out would
cause in-currents from all doors and windows
as well as from the intended supply duct.

Excess of either induction or withdrawing

forces would tend to produce these respective

results. The only perfect distribution of

the air will result from having the filling and
exhausting forces the same.

The present place of admitting the air,

near the ground, is very objectionable. Even
admission by high towers would not secure

air free from dust. The plan here proposed

is to sink a shaft 25 ft. in diameter, some
200 ft. west of the building, in a small

grove. Over it would be erected a sub-

stantial screen, 22 feet in height, and simi-

lar in form to the Capitol dome. It

would be made of \ wire of pure block

tin, that it might be durable and always

clean. The meshes would be about 1^ inch.

Over the top of this there would be a revolv-

ing fountain with four jets, which would pro-

ject downward, throw small streams of water

with force upon the wire work of the screen,

and keep every wire covered with an envelope

of clean water, against which the entering

air would have to rub in passing in. This

forcible contract would transfer the dust from
the air to the water. The muddy water

would fall to the bottom of the duct and
pass away by the drain through a trap. From
the bottom of this vertical opening a tunnel

15 ft. in diameter would extend horizontally to

the blowers in the cellar so enclosed as to draw
their air wholly from this source. The tun-

nel is 15 feet in diameter, and the top of it

passes 16 feet below the lowest point of the

foundations of the building.

Warming the Air in Cold Weather.
—There are three methods in common use

for warming air ; by passing it over, 1st, iron

surfaces heated directly by lire ; 2d, iron pipes

filled with steam ; and 3d, iron pipes filled

with hot water. The first method is con-

sidered highly objectionable in first class

buildings. When air is brought in contact

with highly heated iron surfaces, especially

rusty surfaces, an unpleasant odor and feel-

ing are imparted to it, from the decomposi-

tion of those ammoniacal matters which are

always found more or less in the atmosphere,

and from its extreme dryness. Zinc surfaces

are a great improvement over iron, in this

respect, but block tin is considered the best

material, as it resists atmospheric influences

better than any other of the useful metals.

The means here recommended are pure

block tin tubes filled with hot water, each

tube being 10 feet long by lg inches outside

diameter and secured into brass tube-heads

in the same manner as in the surface con-

denser of a marine engine. They open at

each end into steam-tight chambers ; into the

upper chamber steam from the boilers is intro-

duced, and from the lower one wrater is drawn
off by appropriate pipes. It will be under-

stood that with this arrangement the ap-

paratus may be a steam heater, or, if the sur-

face is enlarged enough to warm the air with

hot water, the steam will be condensed in the

upper chambers, hot water filling the bottom
of the tubes and the lower chambers. A
valve in the pipe through which the water

flows away would control the rapidity with

which it was drawn off and consequently its

temperature. In ordinarily cold weather
this would be a hot water warming appara-

tus, but upon any extremely cold day it

would become a steam heating apparatus as

the attendant opened the regulating valve in

the drain pipe.

Moistening the Air.—The water
thrown off by the human body, evaporates in

the surrounding air. The rapidity of this
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evaporation is dependent entirely upon how
far the condition of the air in regard to

moisture is removed from the point of satura-

tion. In case the evaporation from our

bodies is too rapid, the skin becomes too dry,

and this again induces too rapid a flow of

the water within the system toward the sur-

face, making us uncomfortable, and some-

times ill. Evaporation is also a cooling pro-

cess. This is explained by the absorption

of the latent heat which occurs upon the con-

version of a liquid into a vapor. On the

other hand, if the evaporation is too sluggish,

the flow of water toward the surface is re-

tarded and we are made uncomfortable and

sometimes ill in another way ; also, if the

air is of the proper temperature, we are un-

comfortably warm, the general feeling being

described by the term "muggy." It is

highly important, therefore, that the proper

moisture of the air should be maintained in

any system of ventilation.

An authority on this subject* says : "Air
changed in temperature by warming, without

increased moisture, produces unpleasant sensa-

tions in the head and chest, etc. The objec-

tion lies against heated air, no matter how
heated. The only way that hot air can be

made healthful is by an effectual plan of

artificial evaporation." Professor Henry says

on this subject: "The heating af the air

and preserving it at the desired temperature

is the simplest part of the problem ; to re-

move the impure air and to supply its place

with fresh air, without giving rise to unplea-

sant currents and unequal temperature is more
difficult ; to supply the proper quantity of

moisture and to prevent its condensation is

attended with still greater difficulty, par-

ticularly when apartments containing a large

number of persons are to be thoroughly ven-

tilated. This part of the general problem

is, in my opinion, an essential element of

proper ventilation, although it has hitherto

received comparatively but little attention in

this country."

Mr. Stimers' plan for moistening the air

is by placing in the air duct, a system of

water pipes, 10 in number, each 20 feet long,

lying horizontally, lengthwise of the duct,

and distributed throughout its cross section

so as to equally divide it up. In each of

these pipes there would be a great number
of minute holes extending all around the

circumference and throughout the length.

The water driven into these pipes with force

*Dr. Youmans Hand-book of Social Science.

would spin out of these holes radially from
each pipe, filling the entire duct with a fine

shower.

The "relative humidity" of the air is

the percentum which the amount of moisture
in the air is, of that necessary to saturate it

at the same temperature. A relative humid-
ity of 65, with a temperature of 65°, is as-

sumed ; this corresponds with

4^ grains of water per cubic foot of air.

A tension of 0.4 in. of mercury.
A depth of b\ in. of water on the earth.

A break between the wet arid dry bulb thermo-
meters of 5-i°, and

A dew point of 52°.

The lowest degree of humidity of the ex-
ternal air of Washington, as reported by
Dr. Wetherell, was 1.11 grains per cubic

foot. Assuming one grain for the base of

calculation, there will have to be added oh
grains per cubic foot to give it a relative

humidity of 65 when at a temperature of

65°, and as there are 7,000 troy grains in

one pound avoirdupois, 80,000 cubic feet of

.,, . 80,000 x U Aa jair will require —-7-7^—-— 40 pounds

of water per minute.

The temperature of the water would
probably be about 40°. This would have
to be warmed to 65°, and be supplied with
the latent heat necessary to form it into va-

por at that temperature.

To ascertain how much the air must be
superheated for this purpose

—

Let s = specific heat of air as compared
with water = 0.2669

v = volume of air in cubic feet . . . . = 80,000
w = weight of air in lbs. per c. ft. . = 0.075
t = temperature from which water

is raised = 40°
V = temperature to which water is

raised = 65°
I =z latent heat of steam at that

temperature. = 1070°
W= weight of water to be absorbed

in pounds =40
x = number of degrees the air must be heated

above 65°, in order that it may be at that tempe-
rature after it has dissolved the moisture.

„, W(l+i'—t)
Then >— —-— x = 27°

svw

The temperature to which the air must be

raised, under the above conditions of the

weather, before it is moistened, would there-

fore, be

—

65° + 27° = 92°.

To determine the extent of surface re-

quired for the warming tubes

—

Let P = temperature of water in tubes = 192°

T = temperature of air after heat-
ing =92°
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Let t = temperature of external air. . = 20°

C = volume of air in cubic feet.. . = 80,000
S = surface of tubes in square feet.

Then .0045 C
(P— *) (T— t)

_ SP—T
and S = 4-1,582 square feet.

Each tube being 10 feet long by 1} inch

diameter, would have a surface of 2.9 square

feet. There would, therefore, be required

15,373 tubes. These are divided into eight

several congeries, for convenience of con-

struction, with 1,922 tubes in each. It is

proposed to arrange indicators in the engine

room, so that the engineer would always

know the exact temperature and moisture in

the hall, and could regulate the heat and

water according^.

Cooling and Drying the Air in Hot
Weather.—An attempt has been made to

cool the air of this hall with ice. Some two

tons of ice were melted in the air-duct dur-

ing each day of about five hours, say 800

pounds per hour. The quantity of air pass-

ing through the duct, per minute, was 24,300

cubic feet.

The temperature of the ice was, say 25°

That of the water of condensation was, say, 00°

The latent heat of the ice is 140°

To determine how much the air would be

cooled by melting the ice

—

Let t = temperature of the ice = 25°

f = temperature of the water of

condensation = 60°

I = latent heat of ice = 140°

s = specific heat of air = .2(>69

w = weight of air per cubic foot. . = .075

v = volume of air in cubic feet... = 24,300

W = weight of ice melted per min., = 13^

x = number of degrees the air would be cooled

by the melting of the ice.

W (I + t — t) _Then = 41°.

As, however, the air thrown in by the

blower was mixed up with that which flowed

into the hall through the open doors, the

temperature of the hall was only reduced

about one degree by the melting ice.

Taking the maximum temperature at 95°,

and the maximum moisture in the air at

nine grains per cubic foot; to reduce the

temperature to 75°, and the relative humid-

ity to 65, we must abstract three grains of

, ,. , , 80,000X3
water from each cubic loot, or —7~7wj

—

= 34.3 pounds from the whole quantity per

minute. At the moment of the condensa-

tion of this water, from a vapor into a liquid,

its latent heat is given out into the air; so that

removing the vapor is a warming process.

The additional extent which the air must be
cooled to compensate for this is expressed

by the formula

—

r=
Wl
& V W

"Where W= the weight of water in lbs. =34.3
I = latent heat of the vapor.. = 1091°
s = specific heat of air = . 2669
v = volume of air in cubic ft., = 80,000
w = weight of air per cubic ft., = .075
x = the number of degrees the air will be

warmed by the condensation ot the vapor.

With the above values, x = 24°.

The entire cooling effect must, therefore,

be equivalent to 44°. This would require

24,0(J0 pounds of ice to be melted per hour,

or, say, 60 tons per daily session of five

hours.

Coal is cheaper than ice per ton, and more
conveniently stored and handled. One-sixth

of the above quantity burned in the furnace

of a steam-boiler will produce, through the

medium of appropriate mechanism, an equal

cooling effect upon the air. Machines are

operated by the steam engine for the manu-
facture of ice, which produce cold by pump-
ing off the vapor of sulphuric ether, or of

the bisulphide of carbon ; these liquids va-

porizing rapidly at low temperatures if the

pressure of the superincumbent atmosphere

be removed ; but the employment of such

substances would be inadmissible in cooling

the air for ventilation, as a slight leak in

even one of the many necessary tubes would
impair the purity of the air to a sensible

and objectionable extent.

Mr. Stimers, therefore, proposes to em-
ploy the steam power to drive air-pumps to

compress a portion of the air, making it hot,

and while under this pressure to cool it down
to the ordinary temperature by passing it

through tubes surrounded by flowing water,

(employing an apparatus precisely like the

surface condenser of a steam engine,) and
then let it expand into the duct. This ex-

pansion would be a cooling process exactly

corresponding in extent to the heating one

the air underwent when it was compressed,

and by mixing this excessively cold air with

the warm air from the blowers, the whole

would be brought to the desired temperature.

It is mechanically convenient, in a ma-
chine of this kind, to compress two volumes

of air into one, in the pumps. To learn

how much such an amount of compression

would elevate the temperature, a formula is

given by Peclet*, as follows :

* Traite de La Chaleur ; tome III, p. 10.
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Let 8 = temperature before compression (Centi-
grade) .

d = density before compression.
& = temperature after compression.
d! = density after compression.

0.42
6' = (274 + 8) v_

\ — 274

(4)
In this case

8 = 35° (= 95° Fahr.)
d =1
d' = 2

and consequently

6' = 139.44° Cent, or 283° Fahr.

and the elevation of the temperature would
be 188° Fahr.

To find how cold the air will be after its

expansion, we have

6' -+- 274

/ d' \ 0.4 2

= (-r) -«
Assuming 20 lbs. pressure in the air con-

denser, and 75° Fahr. (23.89° C.) tempera-

ture of the water : as the heat was ab-

stracted from the air it would be further

condensed ^-^ part with the departure of

each additional degree, the pressure being
maintained ; hence we would have

& = 23.89
d = 1.

rf
,_14.7 + 20

14.7

whence 8 = — 66. 12° Cent, or

2.36,

87° Fahr.

This would be a reduction from its origi-

nal temperature of 182°. This being
slightly more than four times the amount of

cooling force it is necessary to apply to the

whole quantity of air furnished, one-fourth

of that amount, or 20,000 cubic feet, will

require to be passed through the pumps.
The dimensions of the air-pumps and en-

gines will be as follows :

Number of pumps 2
Diameter of pistons

Stroke of pistons

Double strokes per minute .

.

Diameter of steam cylinders.

Steam pressure
Gross effective steam pressure.

65 inches.

6 feet.

40
45 inches.

40 lbs.

29 lbs.

Horse-power 1,200.

If the cold air was simply conveyed to

the air-duct and mixed with the warm air

from the blowers, it would be cooled down
below the desired temperature, and a por-

tion of the moisture it is desirable to ab-'

atraet would be condensed in the form of a

fog and carried along with the air into the

hall, which would thus be filled with a cold,

damp air, highly objectionable. It is neces-

sary, therefore, to have the cold air intro-

duced in a peculiar manner, such that not

only may the moisture .be abstracted, but

that the exact amount removed may be sub-

ject of convenient and easy regulation by
the engineer in the engine-room. The char-

acter of this regulation must necessarily be

that the power exerted by the engine shall

determine the extent of the cooling force,

and that the amount of this which shall be
devoted to reducing the temperature of the

air, and that which is devoted to abstracting

the moisture, shall be subject to a regulat-

ing lever, or hand-wheel ; so that if the en-

gineer moves this in one direction, the air

will be made cooler and more moist, and if

in the other, it is made warmer' and dryer,

the cooling engine continuing to run at the

same rate.

To accomplish this it is proposed to erect,

in each of the two cooling and drying cham-
bers of the air ducts, a congeries of tubes

somewhat similar to those employed for

warming the air in cold weather, only there

would be an additional chamber, or chest,

at mid-height ; in fact, two systems of tubes,

one above the other ; in other words, it

would be two stories high. In the two up-

per chambers there would be openings in

the bottom in all the spaces between the

rows of tubes ; these openings controlled by
valves, and the valves appropriately con-

nected with hand-levers in the engine room;
there being one for a system of Valves which
would control the openings in every third

space between the rows, and one for those in

the remaining spaces. The aggregate area

of the openings in the lesser system should
equal the area of the pipe which brings the

compressed air from the cooling engine
;

those in the other spaces, being of the same
dimensions, would have in the aggregate
twice this area. Then the compressed air

should be conveyed by a pipe from the cool-

ing engine to the lowest chamber, thence it

would flow upward through the tubes into

the upper chambers, then downward through
the openings into the spaces between the

tubes. The operation of this arrangement
would be as follows :

Let us imagine a condition of the exter-

nal air such as has been assumed for a max-
imum performance of the cooling engine.

In this case let the openings in two-thirds

the spaces between the tubes be closed, and
those in the remaining spaces be wide open;

the area of the whole being such that it '
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would require a pressure of 20 pounds per

square inch to drive all the air supplied by
the pumps through them. It will be per-

ceived that the pressure throughout, from
the pumps to the exit, will be 20 pounds per

square inch, and that, therefore, the tem-
perature will be maintained at 75° while

the air passes through the tubes. As the

compressed air pours down between the two
rows of tubes, and expands to the ordinary

atmospheric pressure, its temperature will

fall so suddenly that the moisture within it

will be condensed, and part of it frozen into

minute hail. The main portion of the air

from the blowers will pass through the re-

maining spaces between the tubes, and as

they are only one-eighth of an inch apart in

the rows, tliey form, in effect, walls of sepa-

ration between the warm and the cold air

A sufficient quantity of the air from the

blowers will, however, pass into the cooled

spaces to carry forward the hail storm
raging there, and as the hail and condensed
moisture are carried along the narrow spaces

they will come in contact with the surfaces

of the tubes and be deposited upon them.
The temperature of these will be too low to

vaporize the moisture, but warm enough to

melt the hail, and the water will run down
them, as it does along the sides of an ice-

water pitcher, to the bottom tube-sheet,

whence it will pass off in proper drains pre-

pared for it.

If the warm air issued from the dryer
with the same velocity as the cold, exactly

one-third of the whole amount would be ex-

cessively cooled, and nearly all its moisture

extracted ; but the great velocity with which
the compressed air will pour into the spaces

between the tubes, having only to be
changed in its direction by the horizontal

current from the blowers, will flow out with
considerably greater velocity than the warm
air from the remaining spaces ; so that

something more than one-third of the moist-

ure contained in the whole amount of air

will be deposited upon the tubes and carried

away. In the case under consideration, ex-

actly one-third is the amount it is desired to

extract. The necessary reduction will be

made by slightly opening the valves in the

remaining spaces ; the immediate effect of

which will be to cool down all the tubes by
causing a partial expansion of the air within
them; so that the warm air will be cooled

somewhat by coming in contact with the

tubes, in addition to having some of the cold

air mixed with it. This will lessen the ex-

tent to which the temperature will be re-

duced in the cold spaces, and, consequently,

the amount of moisture will be condensed
and extracted.

To enable the engineer in charge to con-

trol the condition of the air delivered to the

hall, it is proposed to place pipes about

three inches in diameter, and properly in-

cased with a non-conductor, from the inlet

duct, from the tempering ducts just beyond
the moi.steners, and from the hall; leading

them through a convenient place in the en-

gine room, for observation, to the suction

openings in the blowers, which would cause

a rapid flow of air through them, having the

exact condition existing at the other ends of

the pipes. Into each of these pipes, as they

pass through the engine room, the wet and
dry bulbs of a hygroscope would be inserted,

which should plainly indicate the tempera-

ture and degree of moisture in the air pass-

ing through the pipes.

The method here recommended for drying

the air when it is too moist, or when it is

made so by reducing its temperature, is

simply the adoption upon a small but suffi-

cient scale of that employed by nature in

effecting similar changes of weather.

Cost.—The actual cost of the complete

apparatus described, is estimated by Mr.

S timers at $688,653. The following are

some of the items :

Eight blowers and shafting for 200,000 c.

ft. per min. each $11,194
Pair of engines 750 H. P., with wood gear

fly-wheel, erected complete 46,102

Four boilers, with 13,744 sq. ft. surface,

and of 1,370 H. P.. 63,416

Heating apparatus, with 44,582 sq. ft.

block tin tube surface, with steam and
water pipes and valves 123,018

Pair of condensing engines of 1,320 H.
P., with 45 in. steam cylinders, and 63

in. air cylinders, 6 ft. stroke and a

cooler with 9,000 sq. ft. brass tube sur-

face, erected complete 94.552

Drying apparatus, with 5,570 sq. ft. block

tin tube surface, with valves, complete, 30,754

Steam Farming Power.—It is but a

very few years since a portable engine

for farm use was a curiosity, nor is it so very

long since such a thing was unheard of. Now,
we find a single establishment capable of

turning out a thousand yearly, of a design

and finish equal to the best locomotive prac-

tice. There are at least four makers in Lin-

*coln alone, one of them having magnificent

works. More than 15,000 portable engines

are known to have been sent out during the

last eighteen years.

—

Engineering.
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A.STENING Cast Steel Driving
Tyres. — The following rules, for

shrinking on cast steel tyres, were issued

by W. A. Robinson, Mechanical Superin-
tendent of the Great Western (Canada)
Railway

:

1st. Both tyre and wheel must be per-

fectly cylindrical.

2d. These tyres are to have allowed, in

their cold state, the amount of shrinkage
shown in the following table, according to

their respective diameters :

d ALLOWANCE FOR SHRINKAGE.
>> cs a

Cw
-3 >>

cSch Decimal Fractional
O F o

parts of an parts of an
Wire

O B-S inch. inch.
gauge.

>-; h-

1

A Ft. In.

B 2 2\ .014583 1-69 28
C 2 8 .017 1-56 27
D 2 9 .0183 1-54 26
E 3 2 .021 1-49 25
F 3 4± .0225 1-44 24
G 3 8 .024 1-41 23
H 4 H .028472 1-35 22
J 4 7 .0305 1-33 21
K 4 8 .031 1-32 21
L 5 2^ .034583 1-29 20
M 5 3 .035 2-57 20
N 5 77- .0377083 2-53 20

5 9 .0383 1-26 19

3d. Wood only is to be used to heat the

tyres, and temperature must not be allowed
to exceed a dark red glow in the shade, and
all parts must be heated equally to insure

uniform hardness and roundness. To facili-

itate the operation, each foreman is provided
with a set of steel gauges corresponding to

the above figures.-American Railway Times.

Steel Rails, Tyres and Fire Boxes.
—The last report of Mr. Say re, Superin-

tendent and Engineer of the Lehigh Val-

ley Railroad, treats these subjects as

follows: " I have seen no reason to change
my opinion of the value of steel rails as

compared with iron ; another year's wear
has made no perceptible impression upon the

200 tons, the first of which was laid in May,
1864, none of which have broken or given

out since last report. These rails have had
a severe test, being in those places in the

track where they are subject to the greatest

wear, and being laid with a chair whioh is

much inferior to the most approved joint

now in use. * * * There is no longer

any possible doubt as to the superiority of

steel over iron in economy, as in every other

respect." The report goes on to say that a

large additional quantity of steel rails and
a few steel headed rails have been con-

tracted for.

As to steel tyres, the report say: "The
experience of the past year has confirmed
our favorable opinion of steel tyres. There
were on the road at date of last report 57
locomotives furnished with steel tyres.

'

' This
number has now been increased by 19 en-

gines. " Although in one or two instances

they have not done as well as we could wish^

yet none of those of reliable manufacturers
have failed, and the result in general has been
very satisfactory. " The steel tyres of engine

No. 25 put on December, 1863, have made
106,185 miles and are good still.

There were steel fire boxes on 14
gines at the date of former report. "

have given good satisfaction during
year except those of engines 50 and
which were not of good quality and have
given us continual trouble. Wc now
have in use 29 fire boxes of steel. The first

one, put -in January, 1862, is still good.

All the engines contracted for, or which
we build ourselves, are furnished with steel

fire boxes and tyres."

en-

All

the

61,

The Darien Ship Canal.—By Mr.
1 Cushing's mission, all political obstacles

to the construction of this great work are

removed ; it is understood that American
engineers have secured from the Govern-
ment of New Granada, both the right of sur-

vey and the right of way across the Isthmus.

A company including Peter Cooper, Mar-
shall 0. Roberts, Win. H. Vandcrbilt and
other equally well known capitalists, was
chartered by the New York Legislature last

winter, and have since become fully organ-

ized as a joint stock company^ to undertake

the work.

Many routes have been surveyed, but that

from the Gulf of San Miguel to Caledonia

Bay, and the one from Bayone River to the

Gulf of San Bias have appeared most feasi-

ble. The latter route has deep and spacious

harbors and would require but 30 miles of

canal. The tunnel through the Cordilleras

would bo seven miles long, 100 ft. wide and.

115 ft. high to allow steamers to pass, and
even a first-class man-of-war, with her top-

mast and top-gal lantmast struck and her

yards braced.
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THE H00SAC TUNNEL
The contract for this work, between the

Messrs. Shanly and the State, made Dec. 24,

1868, is published in full in the " American
Railway Times" of Jan. 30, I860. The
tunnel, central shaft and one track are to be

completed by March 1, 1874; the price to be
paid is $4,594,268. A delay in the rate of

progress through the most difficult part is

provided for, but the final delay must not ex-

ceed six months, and if the State decides
that the contractors are not making the

necessary average progress, it may give them
three months' notice to quit the work. No
payment is to be made to the contractors

until they have earned $500,000 ; but 20 per-

cent, of the monthly amounts of pay earned is

to be reserved for final payment on comple-
tion of the whole work ; and, for 80 per

cent, of each monthly amount, certificates in

the sum of$200,000 each, bearing five per cent

interest are to be issued, and to be paid in

the order of their issue as often as it shall

appear that the contractors have earned so

much that after reserving the 20 per cent.,

the State will still retain in all, $500,000.
The intention is that the State shall make no
payment which will at any time reduce its

security from the reserved fund of 20 per
cent, below the said half million dollars.

The size of the tunnel, in rock, is 24 feet

clear width and 20 feet height ; where arch-

ing is required, 26 feet wide and 21^ feet

high. The central drain is 2 feet square.

At the east end, the work done is 2,500
feet of tunnel, part of which is full size, and
2,782 feet of heading ; the work to be

done is tunnel enlargement 4,500 yards,

heading enlargement 28,000 yards, tunnel

extension 5,300 feet long=85,100 yards,

trench and pipes 5,600 feet long, and the rail-

road track. At the central section the work
done is sinking 583 feet of elliptical shaft 27
by 15 feet ; the work to be done is to make
a fire-proof floor with self-closing iron

hatches, to sink the shaft to a depth of 1.030

feet (floor of tunnel) to set up two ten-inch

iron pipes for power and ventilation, and to

excavate the tunnel east and west to meet
the end workings, with drain and track. The
work done at the west end is a shaft 318
feet deep, 8 by 14 feet, and headings from
it 1,609 feet east and westward to the
west end, a pumping shaft 277 feet deep,
and an auxiliary shaft 215 feet deep. The
work to be done is enlarging the headings
(52,800 yards), extending the tunnel east to

meet central working, arching part of the tun-

nel with brick (4^ million bricks to be used),

and the end with stone, having a suitable

facade, and laying drain and track as above.

The State gives the contractors the use of

all plant, tools, <fec, on hand.

As a more rapid progress of the work is

required than drilling by hand labor would
accomplish, upon each of the advance head-

ings, between the east portal and west shaft,

the contractors will be required to use

pneumatic drills, working continuously not

less then eight drills to a heading of eight

feet height, with not less than 50 lb. air

pressure, but with the liberty to employ the

form of machine now in use in the tunnel, or

any other drill of equal etticiency which they

may prefer and provide at their own expense.

The prices for the work, fixed to determine

the monthly amounts earned, are as follows :

Tunnel enlargement, per yard $16 00

Heading enlargement east end, per yard.. 9 08
Heading enlargement west end, per yard.. 9 75
Full size tunnel extension east end, pr yard 11 00
Full size tunnel extension central section,

per yard 14 00

Full size tunnel extension west end, prynrd 12 00

Central drain with air and water pipes
complete, per lineal foot 13 00

Sinking shaft (27X15 ft ), per foot in depth 395 00

Pipes (10 in.) set in shaft depth 6 00

Arching with brick (at $9 perM.) per M .

.

22 00
Excavating and constructing 50 linear ft.

of stone arch and filling 23,000 00

The extreme length of the tunnel will be

about 4 1 miles, of which some three miles

are yet to be excavated.

TIhe Pitch Lake of Trinidad ever and
J_ anon claims the attention of the public.

At one time it is introduced as the source

from which all the varieties of mineral oil,

paraffine and asphaltum can be obtained.

At another period it is to be employed to give

greater illuminating power to our coal-gas,

and some experiments of the Hon. Captain

Cochrane, made at Woolwich, were highly

favorable. Now we have the pitch of Trin-

dad coming before us as an ingredient in

artificial fuel £>v steamers. The bitumen is

mixed with a certain quantity of charcoal : it

is ground, and then made into bricks. Ex-
periments made on board H.M.S. " Ganuet,"

appeared to show that it possessed many
valuable properties, but the amount of ash,

arising from the earthy matter mixed with

the petroleum, was somewhat objectionable.

This can, however, in all probability, be

obviated by greater attention in the process

of manufacture.

—

Quarterly Journal of
Science.
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PRESERVATION OF HEALTH AND LIFE

—

MINING MACHINERY.

From the " Quarterly Journal of Science."

The shortness of the average duration of

a miner's life has often been the subject of

the most serious consideration. The Royal
Commission, of which Lord Kinnaird was
the chairman, made this portion of their in-

quiry a mos); searching one. It is clear, from
the evidence given by medical men and
others, that the metalliferous miner suffers

in health from climbing on the perpendicular
ladders from great depths, from working in

air deficient in oxygen, and from the severe
labor of boring holes for blasting in confined
levels. The constrained position of the man
in "beating the borer," and the muscular
effort necessary to deliver the heavy blow,
act injuriously upon the heart and lungs.

The miner has been relieved to some ex-
tent from the effects of climbing, by the
introduction of the "man-engine" (a mova-
ble rod with platforms fixed upon it, by
which the miner is gradually lifted—without
fatigue to himself—from any depth to the
surface). The ventilation of the mines gen-
erally has been improved, but it is only
within the present year that any actual ex-
periment has been made in the mines on the
use of machines for boring holes, worked by
compressed air or steam. We have been
favored, upon application, with the following
report. We are glad to place this on
record, as the commencement of an applica-
tion of machinery to a most important pur-
pose. We have no doubt that in a short
time boring-machines will be generally
adopted in our metal mines.

'• Bearing's rock-boring engine has been worked
on the 185 fathom level in Tineroft Mine, con-
jointly with another, from the 6th of January up
to the present time, and has driven sixteen fathoms
in hard Tin Capel, which Captain Teague con-
siders^ would cost 20/. per fathom if driven by
hand-labor. During the greater part of this time,
in consequence of the air-pumps getting constantly
out of repair, the machine was only worked by
one (shift) corps of two men; and continuous
working with three corps, comprising five men and
one boy. only commenced on the 6th of July.
Since this date nearly nine fathoms of ground
have been driven, at a cost of 17/. 16s. 2d. per
fathom. The following is the cost of working the
machine during the last month :

Five miners and one boy 24
One boy to remove rubbish 2
Two enginemen at surface 6
Que smith and bov 5

Vol. I.—No. 4.-23.

£ s. d.

Oil, waste, and candles 3 9
Gun-cotton for blasting 4 10
Fuse 7 6
Sundries 3
Coals 6
Repairs 2

£53 14 6

5

"In the above estimate the sum of 21/. 5s. is

for expenses at the surface, which would be but
slightly increased if three ends were driven instead
of one—say about 21. 15s. This would reduce the

average cost per fathom 13/. 9s. 10rf., instead of

17/. 18s. 2d. During these last three months one
corps has been worked by one man and a boy,
and the result has shown that they will drive as

much ground with the machine as two men could
do in the same time. (Signed) F. B. Dcering."

We find, during a recent visit to the Corn-

ish mines, that the patentee is offering to

contract for sinking shafts and driving levels

upon such terms as will, without doubt, in-

duce many mine adventurers at once to close

engagements with him.

General Haupt's machine for boring is

about to be introduced into the lead mines
of Swaledale, in Yorkshire; and Mr. Lowe's

machine is in use in several large railway

cuttings and tunnels.

Our miners must (in consequence of im-

proved mining abroad) direct their attention

towards the application of machinery, so as

to economize in every direction—not merely
in the subterranean mining, but in all the

surface operations. Necessity—the mother
of invention—has already done much in this

way ; but there is yet ample room for very

considerable improvement in the modes of

working our mines, and in the methods of

dressing the ores for the market.

In connection with this subject we may
name—as we do with satisfaction—the in-

creased desire on the part of the Cornish
miners to avail themselves of the many ad-

vantages offered to them by the Science

Classes of the " Miners' Association of

Cornwall and Devonshire." We learn that

four classes are now in operation in the min-
ing districts around Helston, in which sixty

working miners are proving themselves apt

students of Chemistry, Mineralogy, Geology
and Mechanics. One class of nearly thirty

is no less actively engaged at Redruth,

another in the mining parish of Gwennap,
while a seventh have been recently been
formed in the northern portion of the impor-

tant mineral district of St. Just. The ad-

vantages which must result from these

classes will, ere long, be felt in the improve-
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ment of mining and in the elevation of the

miners.

The explosions of fire-damp in some of the

coal mines of France has naturally drawn
attention to the subject of ventilation. M.
Galy-Cazalat, who has brought the matter

before the Academic des Sciences, proposes

the construction of vertical air-pits, the pur-

pose of which would be to draw off the car-

buretted hydrogen as rapidly as it is formed,

and thus prevent its mixing with the air of

the mine. These " cheminees d"
1

aspiration"

as he calls them, will scarcely require very

special description, the whole plan really re-

solving itself into a greatly increased num-
ber of shafts, by which the air in every part

of the mine may be rapidly changed. There
can be little doubt that great advantages

would arise from such a system : but in the

large and deep collieries of this country

there are many serious difficulties standing

in the way of its introduction.

M. Delaurier has brought before the

Academy of Sciences a plan for destroying

fire-damp in coal-mines. He proposes to

place copper conductors of considerable

thickness in the galleries ; these are to be

broken at intervals, and united by means of

very thin gold wire, which is to be covered

with sulphur. By passing a strong current

of electricity through those conductors, the

sulphur is ignited, and if any fire-damp be

present it will be fired. This idea is by no
means new. The Academy is said to have
spoken approvingly of the proposed plan

;

but all coincided in the opinion that regular

and powerful means of ventilation could in

no case be dispensed with. The combustion
of the fire-damp would produce choke-damp,

which it would be necessary to remove.
This plan, like many others which are from
time to time brought forward, evidently

originated with one who was but imperfectly

acquainted with the conditions under which
fire-damp is formed in a colliery.

Calculating Areas.—Mr. J. L. Had-
don, Chief Engineer to The Syrian Gov-

ernment, communicates to "the Engineer,"
his method of simplifying the tiresome calcu-

lations necessary for taking out areas, more es-

pecially when of curved or irregular surfaces

Principle.—Take paper of good manu-
facture (tracing or otherwise), and it will be

found that its substance is very accurately

distributed ; any one square inch weighing
precisely the same as any other—even in

<3»mmon papers it varies but slightly. The

thicker the paper for my purpose the better.

Example.—Required to find the area of

any map.
The paper on which the map is drawn is

first to be accurately squared, the area there-

of computed in inches, and its weight ac-

curately ascertained. Next proceed to cut'

out carefully all that portion, the area of

which is required, and weigh that also. Then
as the weight of the whole is to weight of the

portion cut out, so are their respective areas.

Suppose the scale of map to 2(3 miles m
lin. , size of map, 20in. X IOiri. = 200
square inches ; weight of map, say, 2,000
grains. Then if weight of piece cut out is

1,500 grains, the area of it will be 150
square inches or 8,000 square miles.

In cases where the plan or map is valua-

ble and it is not advisable to destroy it, a trac-

ing of the part required has to be made, and
the same process gone through for finding

its area.

For iron sections, earthwork calculations,

agricultural surveys, etc., it will be found

most useful.

"The Sicilian Sulphur Mines have been
1 long known. More than 600 mines have
been at work, and at least 200 worked out

and abandoned. The mining is of the most
primitive character, the use of machinery
being extremely limited. Not less than

22,000 people are occupied in working those

mines, and the result is the production of

sulphur to the value of not less than 17,-

600,000 francs per annum. The sulphur

ores of Spain are now largely imported into

England, and during the past year, not less

than 500 tons of copper have been separated

from sulphur-ash, after the sulphur has been

expelled by burning, although the pyrites

does not contain more than from 1 to 2 per

cent, of that metal.

AGRICULTURAL IMPLEMENT MUSEUM.

—

Under the title of a Permanent Exhibi-

tion of Inventions and Improvements, a new
section has been added to the Museum of

Agriculture in Russia, the object which is to

supply those who have invented or improved
agricultural machines, implements or meth-

ods, with ready means of communication
with agriculturists and the public. The ma-
chines, models, plans or drawings are to be

exhibited gratis for six months, at the ex-

piration of which time they will be returned

to the inventors or destroyed, unless they

should have been purchased for the Museum.
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THE PIG IRON MANUFACTURE.

The great primary want of the manufac-

turer of malleable iron and steel, is better

qualities of pig iron, such as can be produced
from blast furnaces of the most approved con-

struction. As a rule it may be set down that

all the inferior ore and fuels may be worked
to produce comparatively good results,

when proper attention is paid to the details

of construction of the furnaces, and prepar-

ing the materials for use, combined with

skillful attention to the details of the manu-
facture. Every one familiar with this

branch of science, is aware that the impu-
rities contained in the materials are to some
extent absorbed in the metal in the smelt-

ing operation, and that in numerous in-

stances the fuel is very impure and imparts its

deleterious properties to the pig metal.

Hence it must be obvious that any means
that will promote economy in the use of fuel

will obviate this difficulty to the extent of

the saving of the fuel. The improvement
of pig iron is to be obtained by increased

size and height of the furnace and by the

use of a highly heated, uniform temperature
of blast. A combination of these improve-

ments are necessary to obtain the best re-

sults, for it has been found that with the

same temperature of blast, in furnaces of

fifteen feet bosh, given materials will pro-

duce inferior qualities of metal, while by
using larger furnaces they produce improved
grades of iron at a greatly diminished cost

of production. To illustrate this we give the

working of blast furnaces in the Cleveland
district in England, using lean ores contain-

ing large percentages of sulphur and phospho-
rus, and as a rule with very inferior fuel.

About six years ago the size of furnaces in

this district varied from 14 feet to 18 feet

boshes and about 50 feet high; the iron was
unfit for any purpose where good quality

was desired. Since the high, large furnaces

have been adopted, with blast heated to

1,000° to 1,200°, the quality has improved
to such an extent that the pig is now used
for almost every purpose except the manu-
facture of steel. The most noted and suc-

cessful examples of the large improved fur-

naces, are those of the Norton Iron Co. at

Norton, England, and the Ferry Hill fur-

naces ; they are respectively 25 feet boshes
and 85 feet high, and 27 feet boshes and 102
feet high. These furnaces make the ton of

best foundry iron with 17 to 19 cwts. of

coke. The Norton furnaces, owing to more

skillful engineering in the design and con-

struction, produce more iron per week than
the Ferry Hill furnaces, although considera-

bly smaller. A large portion of the excel-

lent results of these furnaces is attributed

to the use of superior heating stoves for

heating the blast, known as Player's patent.

There are large numbers of these excellent

stoves at each of the above works. The blast

is generally heated to about 1,200°, which is

maintained with great regularity. The Nor-
ton furnaces were designed and built by
John Player, an engineer of considerable ex-

perience, now residing in New York. The
production of one of these furnaces is nearly
600 tons per week. The ores average 42
per cent.

The commercial value of the improved
furnaces, as compared with the old style now
obselete in Cleveland, is so great that up-

wards of 50 furnaces in good repair, are

abandoned and will never be blown in again.

Six years ago many furnaces " blew out,"

when pig iron reached 65s. per ton with labor

and material cheaper than they now are

;

since then the large furnaces have been put

at work and can sell pig iron at a profit at

40s. per ton. At many works in the United
States, by remodeling and adding the Player

stoves, results are now obtained that approxi-

mate nearly to those given in the large

English furnaces ; this is to be attributed to

the superiority of the ores and fuel used here,

more especially our admirable anthracite,

than which there is no better fuel for the

manufacture of pig iron, excepting of course

charcoal, which is gradually becoming
scarcer every year and is left out generally

in calculations for a large continued busi-

ness. There are also many instances

among our American furnaces (to which

we shall refer in detail on another occa-

sion) of larger production and improved
quality, due to the improved hot blast

stove ; the reduction of fuel in some in-

stances is said to be 50 per cent with a

corresponding increase in the production of

the furnace and with the highest grade of

iron where only ordinary iron was previously

made.
The advantages of large furnaces (when

suited to the materials) over smaller ones

is so great that pig iron makers should no

longer hazard the building of small furnaces
;

the difference in the cost of production in

two years will clear the cost of the large

furnace. From the results abroad, and the

better practice just beginning here, it will
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be seen that improvements actually exist,

winch, when fully applied to this industry in

America, will revolutionize, not only the man-
ufacture of pig iron, but the manufacture

of cheap and good malleable iron and steel.

FLYING MACHINES.

PRINCIPLES—EXPERIMENTS—THE LIGHT-
EST STEAM ENGINE.

Condensed from a paper in the " Popular Science Re-
view,'' by Fred. \V. Brearey, Honorary Secretary
to the Aeronautical Society of Great Britain.

In its normal state, the air is inapplicable

as a power, but it is capable of becoming an

overwhelming power, either by natural or

artificial causes, as in the whirlwind and

tornado or by rushing forcibly through it, as

would be exemplified were the sails of a

windmill rotated rapidly against it. Thus
the bird may create for itself in a calm, by
the agitation of its wing-surface, the power
which supports and prolongs its flight in a

horizontal or ascending line ; but is also capa-

ble, in the calm of a sultry summer's day, by
the mere momentum of its own weight,

of gliding for an immense distance upon
an unyielding plane, thus converting the

inert air into a fulcrum or support. In

such a case, two only of the three requisites

for successful flight are brought into action,

viz, surface and weight, the third, force, being-

held in reserve for extraordinary occasions.

There can be no question in dispute, as to

the possibility of so manipulating and inclin-

ing the surface of a descending body, as

to prolong the gliding motion, and convert

it into one obedient in some degree to the

will of the operator. When the two antag-

onistic forces, gravity and atmospheric re-

sistance, are brought into operation, the

result is a course, arrested and divert-

ed in some direction, either by what we
call accident, or design. Hitherto, as in the

case of the parachute, accidental circum-

stances have alone determined the deviation.

It has been the great desire of man for ages

to supply, either in his own person, or by the

aid of apparatus, or by self-acting machinery,

the third requirement for flight, viz, force,

which may enable him to impel a plane sur-

face at the proper angle of inclination against

the air, and thus to nullify the effect of

gravity.

Necessarily, the relative proportion of

sustaining surface to weight, and of power
to uphold and propel that weight, have oc-

cupied much attention. Considerable mis-

conception has existed upon these two points,

and to this is mainly due the tardy progress

of the science of aeronautics. In England,

the subject has really never engaged the at-

tention of scientific men, except under the

form of aerostation, in the earlier years of its

discovery. There have ever been persistent

believers and experimenters, and in the in-

fluential association which has been organized

under the name of the Aeronautical Society

of Great Britain, embracing amongst its sup-

porters some of the first scentific men of the

day, with the Duke of Argyll as President,

the subject of aeronautics has been elevated

into a science.

In a paper by M. De Lucy of Pai-is, there

is detailed the result of actual experiments

made by the author, with a view of deter-

mining the extent of wing surface to the

weight to be sustained, and of the force re-

quisite to raise and impel in horizontal flight.

The author asserts, that there is an un-

changeable law, to which he has never found

any exception, amongst the considerable num-
ber of birds and insects, whose weight and

measurements he has taken, viz, that the

smaller and lighter the winged animal is, the

greater is the comparative surface. Thus in

comparing insects with one another ; the

gnat, which weighs 460 times less than the

stag-beetle has 14 times greater relative sur-

face. The lady-bird which weighs 150 times

less than the stag-beetle, possesses 5 times

more relative surface, etc. It is the same

with birds. The sparrow which weighs about

ten times less than the pigeon, has twice as

much relative surface. The pigeon which

weighs about eight times less than the stork,

has twice as much relative surface. The
sparrow which weighs 339 less than the

Australian crane, possessess seven times more

relative surface, etc. If we now compare

the insects and the birds, the gradation will

become even much more striking. The gnat,

for example, which weighs 97,000 times less

than the pigeon, has 40 times more relative

surface ; it weighs 3,000,000 times less than

the crane of Australia, and possesses rela-

tively 140 times more surface than this latter,

which is the heaviest bird the author had

weighed, and it was that which had the

smallest amount of surface, the weight being

20 lbs. 15 oz.
kl\ dr. avoirdupois, and the

surface (referred to the kilogramme 2 lbs.

3.27 oz.) 139 square inches
;
yet of all travel-

ing birds, they undertake the longest and

most remote journeys, and, with the excep-

tion of the eagle, elevate themselves highest,

and maintain flight the longest.



VAN NOSTRAND'S ENGINEERING MAGAZINE. 325

M. de Lucy remarks, that if the law of

surface in inverse ratio to weight be regarded,

the cause of all the errors which have been

committed will be readily understood ; for a

mathematician who should select as his type

an excellent bird of flight such as the swal-

low, by ascertaining its weight and surface,

will apportion nearly one meter or 1,550 sq.

in. to the kilogramme, and consequently 75

meters for a man of 75 kilogrammes, that is

to say, about 165 lbs. would require a sur-

face of 116,250 sq. in. Should he select the

pigeon, he will arrive at a result quite dif-

ferent, because the pigeon being heavier than

the swallow has a surface relatively smaller.

According to this type, he would arrive

at the conclusion that only 20 meters of

surface or 31,000 sq. in. would be requi-

site for a man of the same weight. The
example of the crane of Australia, would

give to a man a surface of no more than 10,-

850 sq. in. Again, should he select a

type amongst insects, for example the

blue dragon-fly whose flight is so rapid,

he would discover the weight to be rather

more than | grain, and surface nearly §
of a square inch, which referred to the

selected standard of comparison would

give 9,416 sq. in. and for the man 705,800

sq. in. Were we to determine the amount
of sustaining surface requisite for the

man from some of the butterfly tribe, whose

wings are so prodigiously expanded in

comparison with their weight, we should

arrive at results so much in excess of these

dimensions, that the construction of the ap-

paratus would be impossible.

The author next proceeds to state that

" The law of surface, in inverse ratio to

weight, would naturally tend to lead us to

this conclusion—viz : that the heaviest-wing-

ed animal, having the least surface, ought in

return to possess the greatest force." But
he proceeds to disprove this assumption, by
showing, that the muscular force of insects

is much greater than that of birds, and he

adduces various well-known instances. Up-
on the supposition that his facts, and the

theory founded on them, are correct, it will

be a fair hypothesis to assume that where
large wing-surface is given to insects, the

provision is accompanied by the relative

power to control it, in compensation for

absence of weight, which we have seen is du-

ring descent a power of itself, and is taken

advantage of by some birds, in gliding, or soar-

ing against a breeze. For such purposes,

weight is a necessity, and therefore we never

see any similar method of flight in the wing-

ed insect tribe.

The first recorded and scientifically based

attempt to connect plane surface and weight,

in relative proportion to one another, was
that of which all the world was cognizant in

1842, patented by Henson—a plan result-

ing from conversation between Henson and
Stringfellow. " The amount of canvas or

oiled silk necessary for buoying up the ma-
chine, was stated to be equal to one square

foot for each half pound weight, the whole
apparatus weighing about 3,000 lbs., and the

area of surface spread out to support it, 4,-

500 square feet in the two wings, and 1,500
in the tail, making altogether 6,000 square
feet." But this machine was never con-

structed ; for after two abortive attempts to

manufacture models, which should represent

the dimensions before-named, the two invent-

ors commenced their experiments under a
variety of forms. Mr. Stringfellow frequent-

ly availed himself of the express train, tak-

ing with him an arrangement for testing the

resistance of different angles against the air,

at high speed, and he states that those ex-

periments only tended to prove, that any
guess-work was better than the calculations

hitherto made by writers on the subject. In
1844, they commenced the construction of a
model which measured twenty feet from tip

to tip of wing, by three and a half feet

wide, giving seventy feet of sustaining sur-

face in the wings, and about ten more in the
tail. The weight was from twenty-five to

twenty-eight pounds.

An inclined plane was constructed, down
which the machine was to glide, and it was
so arranged that the power should be main-
tained by a steam engine, working two four-

bladed propellers, each three feet in dia-

meter, at a rate of 300 revolutions per
minute. For seven weeks the two experi-

menters continued their labors. In the lan-

guage of Mr. Stringfellow: " The machine
was saturated with wet from a deposit of dew,
so that anything like a trial was impossible

by night. I did not consider we could get

the silk tight and rigid enough. Indeed, the

framework altogether was too weak. The
steam engine was the best part. Our want
of success was not for want of power or sus-

taining surface, but for want of proper adap-

tation of the means to the end of the vari-

ous parts." Many trials by day down in-

clined wide rails showed a faulty construction,

and its lightness proved an obstacle to its suc-

cessfully contending with the ground currents.
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Shortly after this, Mr. Hensou left for

America, and Mr. String-fellow, far from dis-

couraged, renewed alone his experiments.

In 1846 he commenced a smaller model for

indoor trial, and, although very imperfect, it

was the most successful of his attempts. The
sustaining planes were much like the wings

of a bird. They were ten feet from tip to

tip, feathered at the back edge, and curved

a little on the under side. The plane was

two feet across at its widest part ; sustaining-

surface, seventeen square feet ; and the pro-

pellers were sixteen inches in diameter, with

tour blades occupying three-fourths of the

area of circumference, set at an angle of

sixty degrees. The cylinder of the steam

engine was three-fourths of an inch in dia-

meter ; length of stroke, two inches ; bevel

gear on crank shaft, giving three revolutions

of the propellers to one stroke of the engine.

The weight of the entire model and engine

was six pounds, and with water and fuel, it

did not exceed six and a half pounds.

The room which he had available for ex-

periments did not measure above twenty-two

yards in length, and was rather contracted

in height, so that he was obliged to keep his

starting wires very low. He found, however,

upon setting his engine in motion, that in

one-third the length of its run upon the ex-

tended wire, the machine was enabled to sus-

tain itself ; and upon its reaching the point

of self-detachment, it gradually rose, until it

reached the further end of the room, where

there was canvas fixed to receive it. It fre-

quently, during these experiments, rose after

leaving the wire, as much as one in seven.

He afterwards experimented with greater

success at the Cremorne Gardens. Having
now demonstrated the practicability of mak-
ing a steam-engine fly , and finding nothing

but a pecuniary loss, and little honor, this ex-

perimenter rested for a long time, satisfied

with what he had effected.

In a paper read by Mr. F. H. "Wenham,

at the Society of Arts, on the occasion of a

meeting of the Aeronautical Society, there

occurred the following observation : "Hav-
ing remarked how thin a stratum of air is

displaced beneath the wings of a bird in

rapid flight, it follows, that in order to obtain

the necessary length of plane for supporting

heavy weights, the surfaces may be super-

posed, or placed in parallel rows, with an in-

terval between them. A dozen pelicans may
fly one above the other, without mutual im-

pediment, as if framed together ; and it is

thus shown, how two hundredweight may be

supported in a transverse distance of only ten

feet." Mr. String-fellow having been again
called out by the Aeronautical Society, eager
ly grasped this idea and set about construct-

ing the model which he exhibited at the

Crystal Palace in 1868. This model con-
tained in its three planes, a sustaining sur-

face of twenty-eight square feet, besides the

tail. Its weight, with engine, boiler, fuel

and water, was under twelve pounds. It

possessed in its steam-engine one third of

the power of a horse, and its weight was
only that of a goose. It will be seen, there-

fore, that the sustaining surface was more
than two feet to the pound, always suppos-
ing that the system of superposing the

planes, was efficiently represented in so small

a model, which may reasonably be doubted.
This proportion of weight to surface is more
than double that which is generally allowed
to b'e necessary. The necessity, however,
for providing even for as little as one pound
for every square foot, would not exist if a

certain speed could be maintained.

It has been observed by several reporters

for the press that the model showed a de-

cided tendency to an upward course du-

ring its hundred yards run at the Crystal

Palace, but upon farther trial, when freed

from its support it descended an incline with

apparent lightness, until caught in the can-

vas, but the general impression conveyed
was this—that had there been sufficient fall,

it would have recovered itself, and proceed-

ed onwards. Subsequently, Mr. String-

fellow lengthened the propellers, and added
nine feet to the central plane, which, with

other alterations, decidedly deteriorated its

aerial capabilities. He is now engaged in

experimenting with a view of ultimately

constructing a large machine that would be

sufficient to carry a person to guide and con-

duct it. On this scale he would avoid many
difficulties which are inseparable from small

models.

As Mr. Stringfellow gained the prize of

£100 for " the lighest steam-engine in pro-

portion to itspower" and as the engine which

propelled the model at the Crystal Palace

differed from that but in dimensions, we ap-

pend a description of the engine, which was
given in the report upon Exhibition publish-

ed by the Aeronautical Society :
" The steam

engine does not differ from an ordinary one,

except in the precautions to ensure lightness.

The two-inch cylinder is of very thin brass

tube; the covers, flanges and glands are also

a3 light as can be made, consistently with
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strength; the ports and passages are in one

separate piece, screwed on ; the piston-rod

passes through each end of the cylinder, and

by means of long connecting rods, works in

opposite directions two cranks, fitted to the

axes of two four-bladed screws, three feet in

diameter ; two light bars extend from the

crank-shaft down each side of the cylinder :

these sustain the thrust of the piston, and a

framing is thus almost dispensed with. The
boiler consists of a number of inverted cones,

made of very thin sheet copper, with the

joints soldered with silver solder. Each
cone is closed with a hemispherical cap.

The cones are placed in parallel rows ; the

bottom ends, or apexes, of the series are all

connected together by water-tubes ; and from

the hemispherical tops a small steam pipe

conveys the steam away to a cylindrical

chamber above the system : this is set in the

smoke-box, and serves as a super-heater, and
the steam is quite dried therein. The cones

are not liable to prime, as the water surface

for the escape of the steam is extensive, and
the steam rises clear from the generating

surfaces. The fire space between the bases

being large and free, this form of boiler is

particularly well adapted for burning liquid

fuels. The cylinder is two inches in dia-

meter, stroke three inches, boiler pressure

100 lbs. per square inch. The engine makes
300 revolutions per minute. In three minutes

after lighting the fuel, the pressure was 30

lbs.; in five minutes, 50 lbs. ; and in seven

minutes its full working pressure of 100 lbs.,

driving two four-bladed screw propellers,

three feet in diameter, at 300 revolutions

per minute.

In an article entitled "Swimming or Fly-

ing," contributed to the "Times," (April 9,

1868,) the author comments upon the possi-

bility of man's sustaining himself by his own
muscular exertion, and especially refers to

Mr. Charles Spencer's assertion that he could

not only effect this feat, but that he could

sustain flight for several yards. Mr. Spencer
constructed an apparatus, and by its means
he avers that he has proved, that 110 square

feet properly disposed, is sufficient to sustain

158 lbs. weight. With such an apparatus,

composed of plane and wings, he states, that

running down a small incline in the open air,

and jumping from the ground, he has by the

action of the wings, sustained flight to the

extent of 120 feet. The framework of this

apparatus, was a marvel of lightness and
strength, compsed of steel umbrella wires

and wicker-work. Length of tail, 18 ft.;

width at the end, 8 ft.; depth of keel at the
end, 4 ft. ; weight of tail, 15 lbs. ; area of
tail, 72 sq. ft. Length of wing, 7 ft. ; width
at the widest part, 4 feet ; area, 15 sq. ft.

;

weight, 1£ lb. ; weight of the whole—tail

15 lbs. ; wings, 3 lbs. = 18 His. ; weight of
himself, 10 stone, and sustaining surface, 110
sq. ft. ; total weight of himself and appa-
ratus, 158 lbs. ; muking not quite 1J lb. to

the square foot. Owing to the wicker-
work—which is made to fit tight round the
body—causing pain, and otherwise obstruct-
ing his movements, he was unable to satisfy

the curiosity of the public, and he is now
reconstructing that portion, and substituting

a stronger material for the covering. Ac-
cording to De Lucy's theory of surface in

inverse ratio to weight, the sustaining sur-

face, instead of being 110 square feet, need
only have been about 31 square feet, alwavs
supposing that the surface was effectively

disposed, which in Spencer's apparatus may
be very properly questioned.

We come now to the description of an-
other—Gibson's machine. Dissimilar to either

of the former inventions, which respectively

consisted of plane—and plane with wings

—

this was expected to obey the action of the
wings alone. The mechanical action at the
command of the operator was intended to be
controlled by the downward pressure of each
leg alternately, assisted by the arms. The
machine therefore consisted of a framework,
to which were attached four wiugs, so that by
pressure upon one treadle, two flew up feather-

ed, and two descended with an impact upon
the air.

In a previously constructed apparatus
provided with two wings only, Gibson states

that a man weighing 10-^ stone repeatedly
raised himself from the ground from 12 to

18 inches, but that he could not sustain

himself, because the wings being so heavy,
he was not able to repeat the stroke. Each
wing was 12 feet long, 1| feet across at the

wider part, and 1 foot at the narrower ; sur-

face of both wings 37 square feet ; weight
of each wing, lO lbs. ; frame and rods, 21
lbs. ;

weight of man, 10-^ stone; giving
about 5 lbs. to each foot of sustaining sur-

face, a condition which severely tests the

theory of inverse proportion of surface to

weight. The four-winge I contrivance sent

to the Crystal Palace was found to be too

heavy for trial, but the inventor's enthusiasm
seems to be quite equal to the construction

of another and lighter apparatus for further

exhibition. It must be remarked, as an inter-



328 VAN NOSTRAND'S ENGINEERING MAGAZINE.

estin" feature in Gibson's apparatus, that the

total weight of th^, man and apparatus, as

compared with the surface, gives on De Lucy's

theory, about 38 square feet as the proper

sustaining surface, or one foot more than it

possesses—taking for our calculations, the

Australian crane, and the theory of in-

verse proportion with its margin of from

eight to ten times.

Experiments can alone determine the true

path to success, and it is encouraging to find

that these are now aiding in the determina-

tion of the question. It is possible that we

may shortly witness some more advanced at-

tempts, and should they prove to be failures

in the practical solution of the problem, it

will perhaps be remembered that previous

failures having led to increased knowledge,

so future success may result from their re-

petition.

IMPROVED GAS-HEATING FURNACE.

ESTIMATE OF THE QUANTITY OP FUEL
REQUIRED FOR CAST STEEL, WITH THE
SIEMENS FURNACE, AND BY THE NEW
PROCESS OF PARTIAL ELIMINATION OF

NITROGEN, OF M. CH. SCHINTZ, OF

STRASBOURG.

Translated from " Le Genie Industriel."

We announced in our last number the ap-

pearance of a work of M. Schintz, on the

High Furnace. Before giving an analysis

of it, as we promised, we believe our read-

ers will be interested in the following ana-

lysis upon a kindred subject, which M.

Schintz has kindly communicated.

In the " Oestreichichen Zeitschrift fur

Bergiittenmanner," No. 26, 1868, M. Ku-

pelwieser, Professor in the School of Mines

of Leoben, showed that the expense of fuel

in the production of steel, by the Martin

process, does not greatly exceed that by the

Bessemer. This is surprising, in view of

the fact that the intense heat by the latter

process is produced by the small percentage

of carbon in the gray metal, while in the

Martin process, as at present conducted, the

operation lasts seven or eight hours, and

consumes at least 1.5 kilogrammes of lignite

for every kil. of steel produced. Although

the consumption by the latter process is so

great, the small ultimate difference between

the two is due to the fact that for the Bes-

semer, gray iron is used, and for the Martin,

white iron, and the production of the latter,

in the high furnace, requires but one-half to

one-third the quantity of coal necessary for

the former.

I have found the computations of M.
Kupelwieser quite accurate, though I by no
means agree with him when he undertakes
to show that the regenerating furnace of M.
Siemens is preferable to all others for the
Martin process ; for it is easy to demon-
strate the reverse. I have before me the
plan of a reheating furnace, on the Siemens
plan, which ought to consume pretty nearly

as much fuel as a cast steel furnace ; the

only difference being that the latter is only
about half as long. A charge for the steel

furnace is composed of

.888 kil. white pig, ^ -. ,,„ ,., „ ..

.661 kil. puddle bar [

i '°°-d

f
lL ~ --loo&

,
r

t . i c. meters ot casting.
and crude steel, J

°

.47 kil. ore, . . . pure and rich, which
is decomposed into F
e O and CO—. Vol-
ume of the CO 1.5

cubic meters.

Assuming that the melted metal is .15 m.

thick, the surface will be -—,-=— = 1.437
.10

sq. met., and allowing .5 m. for the breadth,

the length will be —--— =2.8 met. But
.0

in the Siemens furnace we must add the
bridges which hold the metal, the flues

which conduct the gas, and the air and the
flues at the other end which lead off the
products of combustion. All this augments
the length of the melting furnace, and gives
us, instead of 2.8 m., a length of 4.2 m.,
and the exterior surface of the arch and
side walls becomes 10 sq. m., while without
these necessary accessories this surface would
be but 3.42 sq m. Now, making all due
allowance for what takes place in the re-

generators themselves, their use is a source
of great loss of heat, for we have just shown
that the loss of heat by transmission is ex-
cessive, compared with the useful effect.

The transmission for a unit of surface, per
hour, is

T— t"

t' —-.
Q

e +t"Q.

T being the temperature of the furnace
;

t" that of the atmosphere

Q
Dulong).

S m ( _ \al -f Luf
(formula of
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S = 3.62, L = 1.988 = 20°, e = .2,

c = 0.8 at least, e = thickness of walls,

C= the conductibility of the materials of

which the walls are composed.

M. Ed. Becquerel has found that the

melting point of decarburized iron is be-

tween 1,350° and 1,400° Cent. There is no

probability that the temperature of the fur-

nace exceeds 1,400° C, otherwise the ope-

ration would not last seven or eight hours.

Supposing, then, that T= 1,400°" and t" —

20°, the theoretical transmission is-
'

1+ Q:f

f-20 Q= 4,892 calories (Q= 17.92). My
own researches have shown that the actual

transmission of heat is from three to thir-

teen times greater (according to the tempe-

rature) than the theoretical transmission,

for the surrounding air being always in

movement, and becoming warm, carries off

great quantities of heat. The effective

transmission in this case cannot fall short

of 134,892 = 63,596 calories per sq. met.

per hour. For 10.24 sq. m. this becomes

651,223 calories. But we must remember
that the value of L in the formula of Du-
long is less for a horizontal than for a ver-

tical surface. We must, therefore, deduct

one-third upon two-thirds of the calculated

transmission, which amounts to 71,501.

Deducting this 651,223 — 71,501 = 579,-

722 calories.

To melt one kil. of decarburized iron the

heat consumed is 1,400 X .16585 (.16585

being the specific heat of iron at 1,400°) =
232 calories. Latent heat of fusion — 160

-j_ (.16585 — .11379) 1,400 = 233 calo-

ries. Total heat consumed in melting one

kil. of iron, 465 cal., and for 1,552 kil., the

entire charge 465 x 1,552 = 721,680, and

per hour, allowing eight hours for the ope-

721 680
ration, —^ =90,210 cal., which, added

o

to the transmission above calculated, gives

for the number of calories employed in the

furnace of fusion, 669,932.

The fuel employed at Lcoben was lignite,

of which the calorific power is 5,419 calories

per kil. for a perfect combustion, and on the

supposition that the gas arrives in the fur-

nace at the temperature if gets in the gene-

rator. It is known that in the Siemens
furnace it is necessary to cool the gas and
condense the hydro-carbon vapors, because

if they get into the regenerator they are

decomposed there, and give off a deposit of

carbon which obstructs the flues ; but as the

heat so lost is restored by the regenerator

itself, we may consider the gas as being in

the same condition as if it had not been
cooled. Hence, the pyrometric equivalent
of the lignite, for a furnace temperature of

1,400°, is 5,419 — 1,400x2.15525 = 2,402
calories, and the quantity carried off per
kit. of lignite = 3,017 calories. Dividing
the consumption of heat in the furnace by
the pyrometric equivalent, we obtain

9 4(vT~
== ^"^ kil. of lignite necessary for

this consumption. But the actual expense
is 291 kil., and thus there remains an excess
of 291 — 279= 12 kil., showing that a por-

tion of the gas is not burned in the furnace,

but in the regenerator. The same thing
may be seen taking place in the largest

glass furnaces, which are six to eight meters
long, and I have noticed that there is always
some flame at the end of the fire circuit,

which proves that the gas is burned gradu-
ally. The result is, that in the Siemens
system the gas and air are not thoroughly
enough in contact to make a perfect combus-
tion. If, now, the length of fire circuit, for

accomplishing approximately the same re-

sult, is only four meters, it need not sur-

prise anybody if the combustion is com-
pleted in the regenerator. The following

are the quantities of heat which the regene-
rator receives per hour

:

279 kil. lig. at 3,017= 841,733 ) =906,771
12 " " 5,419= 65,028 \ calories.

The capacity of the four chambers of the

regenerator is 42,336 cubic met., of which
-} is of solid fire-brick, =14,112 cubic

met. at 1.9 [specific gravity] = 26,812 kil.,

and the capacity for heat = 26,812 X .24=
6,435 calories.

The maximum of heat in the regenerator,

when the products of combustion cease to

pass it, is

v , *
906,771

Entrance temp .=l,446 c

291. 2.15525

Exit temp., 300°.

Mean, 873°.

Maximum capacity 873x6,435 = 5,617,-

755 cal.

It is at the minimum, just after the air

and gas have ceased to pass, and hence it is

minus the heat introduced per hour, which
is, as above, 906,771, making 5,617,755 —
906,771 = 4,710,984 calories, and the mean
temperature of this regenerator is not above

4,710,984 _ 7 o
o

6,435
'

The exterior surface of the regenerator
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measures 46.02 sq. met., the tliiekness of

the walls is e = .3, their conducting power

at least .6 = c. Hence the mean tempera-

ture regulating the transmission is ~J7—

—

° ° 2

= 802°, and the theoretic transmission be-
st no _ 90

comes -^

."" + 20 Q = 1,537 cal.

1 + Q-%

The actual transmission is 7,753 calories,

and the total

Calories.

Transmission = 46.2 X 7,753 = 358,188

The loss by escape,
"300 X 291x2.15815 = 188,100

Useful effect, 360,483

906,771
Total heat equal tD that intro-

duced,

The quantity of heat lost by the gas in

cooling is 303, s04 calories. Hence all the

gain we get from the regenerator is 56,679

calories—just enough to raise the tempera-

ture of the air to 289°.

These calculations are the results of a

system of long continued and very careful

experiments, and are perfectly in harmony
with the facts, for if the temperature of the

furnace is higher than the melting point of

the metal, the operation would be complete

in much less time than seven to eight hours.

I have proved, by the formula of Cauchy,

that supposing the metal to be penetrated

with a volume of carbonic oxide equal to its

own, while the bed of coal is 2 X -15 met.,

the conductibility will be such that in a few

minutes the mass will take the temperature

of the furnace. Now, to produce steel

much more cheaply than by the Bessemer

process (which leaves a great deal to be de-

desired on the score of certainty of quality

in the product), we should have to devise a

method of heating which would admit of a

higher temperature. It need not necessa-

rily be very much higher—in fact an addi-

tion of 100° would probably be sufficient

to reduce the length of the operation one

half, and hence, even supposing the quantity

of fuel burned per hour to be the same,

there would still be an economy of one-half

the fuel, of labor, interest on capital, etc.

We shall proceed then to show that it is

practicable to increase the heat of the fur-

nace at a smaller expense of fuel.

This method consists essentially in the

production of a gas which contains a smaller

proportion of nitrogen than is usual in pro-

cesses now employed.

To produce this gas we may decompose
by heat carbonate of lime, and pass the car-

bonic acid given off over coal dust or some
substance containing carbon. This will

give us pure carbonic oxide. By burning
this with the quantity of air necessary to

reproduce the carbonic acid, and effecting

this operation within a combustible solid,

which will again reduce the C 0„ to C O,

this last product will be mixed with only

one-half the volume of nitrogen which ordi-

narily accompanies the gas produced by
combustion. The pure oxi !e of carbon will

have,' on leaving the chamber in which it is

produced, a temperature of 1
,000°. For every

kil. of carbon which it contains it will yield

2,400 calories, to which we must add 1,000 X
.2479 X 2 333 = 578 cal. If the air use*d

in the combustion is introduced at 300°, it

adds 300 X -2377 X 5.7515 == 410 cal.,

which, added to the foregoing, is 3,388 cal.

On the other hand, the reduction of the

carbonic acid produced, absorbes 2,400 cal.,

and deducting this the quantity,of heat con-

tained by the gas will be 988 cal. This gas

is composed of

4.6666k. C O whose spec, heat = 1.1568
3.4418 k. 2V whose spec, heat = .8392

The temperature of the

therefore be -^--^ = 495°.
1.995b

of 4.6666 k. of C O in the furnace will yield

Calorieg.

1.9966

mixture will

The burning

4.6666 X 2400,

The gas brings with it,

The air at 300° brings 1 1.5030

X 300 X .2377, ....

= 11,200
= . 988

= 820

Total, . . 13,008

The products are

7.3333 k. COn spec, heat, 1,587 ) ,-,;.'.

10.5458 k. spec", heat, 2,573 }
*- W

and the initial temperature is . ' „_— = C
4,160

.3127° C.

For 1 kil. of lignite (allowing that ^ kil.

of carbon is absorbed by the carbonic acid

given off by the carbonate of lime, which
contains 0.20565 k.) there will be required

1.7136 k. carb. lime, . . . 20,563 cal.

3333
I i anna r * S

20
>
563 "

6667
J

L000° hSmte ' * •
j 4U26 «

and we have .41126 C =95061 C O, which

requires .54855 O -f 1.8171 N = 2.236545
kil. of air, and becomes 1.50796 k. C

2 -f-
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1.8171 N. To reduce again this C
2
to C

O, will take .41126 C. contained in 0.6667

k. of lignite, —0.6667 k. lignite containing

perature of 1500°, while without the elimi-

nation of nitrogen it would give but 1400°.

It now remains to see whether the heat pass-

0.41126 k. calories, 0.17994 elements of
[

ing off from the furnace will be sufficient to

water, 0.01346 free hydrogen. So we shall 'decompose the carbonate of lime, and to re-

have in the gas produced Iduce the carbonic acid formed to carbonic

kil. kil.
j

oxide.

1.91992 C O, which requires 1.0967 O
|

For the same dimensions of the furnace
•01346 H, .10768 = 3.9908 ^j proper the area of the arch and walls re-

duces to 3.42 sq. met., because we no longer

need the entrance and exit flues, nor the

bridges for holding the melted metal. If

1.20438 O k.

5.19018 air=5. 1918 air
.17994 H O,

"

1.8171 N,

The gas produced by C and Ca O, C 0„,

receives in the chamber where it is produced

the temperature of 1000°, and consequently

brings 1000 X .95961 X -2479 == 238 cal.

The air to be burned with it,

300X2.36545 x- 2377, . .

168

Total,. 406

we suppose the times corresponding to tem-
peratures to be as follows,

Hours, 8 6* .5 U
Temp., 1400 1450 1500 1550~

we shall not have exaggerated the advan-
tage, which gives us as useful effect, per
hour,

The production and absorption of heat by

the reduction cancelling each other, need

not be carried forward in the account, but

there will be .17994 HO to evaporate, which

will take .17994 X 536.67 =96 calories to be

deducted, leaving in the gas 310 cal.

The following is the composition and spe-

cific heat of the gas

:

k.

1.91922 COX -2479 = .4757
^

.01346 H X 3.4046 = .0458 [ , n , n ,

.17994 if OX -475 = .0855
f

f"
upu*

1.8171 N .244 = .4434 J

Hence the temp, will be rj:rrrA
= 295° C.

By burning this gas in the furnace we
produce

1.91922 C O at 2400 = 4,606
'j

.01346 H at 34000 = 457 I „,« ,

5.19518 hot air at 300 = 370
f

°'*°

Brought in by the gas 310 J

The specific heat of the product is

k.

3.01592 C
Q
0.2164 = .65262

)

.30108 H O .475 = .14301 \ 2.21273

5.8079 N 244 = 1.41710 )

. The initial temperature = ^ „ = 2596°

C. The pyrometric equivalents for the fol-

lowing temperatures will be

For 1400° 1450° 1500 1550

Pyr. Eq. 2645 2535
- Heat pass-

ing off, 3098 3208

Hence it appears that

and kind of fuel will produce a furnace tem-

721680

8

J21080_
6.5

90210

111028

721680

5

721680
4.5

- = 144336

162573

Observing that this arch is one-half the

whole surface, and using the same notation

as before, we shall find the actual transmis-

sion, per square meter, per hour, to be

Cal.

47697 49187 51114 53109

2424 2314 cal.

3319 3429 cal.

the same weight

and for 3.42

sq . m
Useful effect .

Total heat

163123

90210

168219

111028

174810

144336

181633

162573

258388 279247 319146 344206

These figures, divided by their pyrometric

equivalents, give for the expense of fuel per

hour

96 110 132 149 kil. lignite,

and the quantities of heat passing off,

297408 352880 438108 510921 cal.

For 1 kil. lignite we must decompose
1.7136 kil. of carbonate of lime, which re-

quires, in order to be heated to 1000°

1.7136 x .675083 X 1000 = . 1157 cal.

Heatof combination 1.7136x251 430 "

Heat of C 0„ first formed

Heat to reduce it to C O

Total,

1587
493

2080
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And for the calculated weight of fuel

199680 228800 274560 309920 cal.

Leaving the heat to pass off

97728 124080 165548 201001 cal.

The weight of Ca O C 0„ to he decom-
posed per hour is

164 188 226 255 kil.

and as it takes two hours to effect the opera-

tion at 1000°, the volume of it will have to

be double,

.246 .285 .338 .3S2 sq. met.

The height of the chambers being one

meter, their length, in order to contain

these quantities, must be

.5 .6 .7 .8 met.,

and it will require two chambers in order

that one may be working while the other is

being charged.

The chambers containing the carbon for

reducing the C
2

, which is given off by the

lime, should be as large as practicable, in

order to avoid the necessity for frequent

charging, and allowing for height one meter,

and breadth .25 mot., we propose to give the

lengths

1.2 1.5 1.4 1.5 met.,

and the following number of the chambers,

3 3 4 4

We have seen that the gas produced in

the generators receives the temperature only

of 295°, which is not enough to effect a per-

fect reduction, but by surrounding the gene-

rators with products of combustion at 1000°,

we can effect a perfect, which is a matter of

great importance. By making two genera-

tors .8 met. long, .8 high, and .45 wide, we
can arrange them in the furnace with the

necessary chambers, in such a manner that

the latter will present a minimum surface of

15.97 sq. met., and a maximum of 20.66 sq.

met., and allowing a thickness of wall of .5

met. =e, and a conductibility c= .6.

Then the theoretic transmission, per sq.

met., per hour, will be

1 000° 20

14-,Q :f + 20 X 10.197,

and the actual transmission four or five

times greater, .... 5722 cal.

Total maximum transmis-

sion 2066 X 5722 . .

Total minimum transmis-

sion 1597 x 5722 . -

while the quantities at our disposal are

maximum, 201001 cal.; min. 97728 cal.

118216 "

91380 "

Hence the quantity of heat passing out

of the fusion furnace is more than sufficient

for the production of the carbonic oxide.

If the assumptions we have made as to

the relative time of fusion are correct,

which is very probable, the consumption of

fuel for one kil. of steel will be

i?x8 110X6^
1552 1552

0.461 k.

132 X 5-5 _ Q 425 k
149 x 4.5_

Q 431 k
~T552

U-4~° K
- ~T552

VA6i K -

lignite, while by the furnace at Leoben it is

291 X 8

1552
= 1.5 k.

rigin of Force—Weight no Force.
—Gravitation, acting in the direct ratio

of the mass of bodies, gives us a direct mea-
sure of this mass by the weight. As a unit

of this weight the pound has been adopted,

and the expression of a certain number of

pounds affords us, therefore, a tolerably de-

finite notion of the amount of matter with

which we have to deal. When, now, by the

removal of obstacles, gravitation is allowed

to produce motion, this motion, must ac-

celerate as long as gravitation continues to

act in the direction in which the body is

moving. The motion thus produced by
gravitation is called an accelerated motion

;

but gravitation is not necessarily an accel-

erating force. It may act as a retailing

force, when the body moves in an opposite

direction, as, for instance, when a stone is

thrown upward. In fact, gravitation may
result in an accelerating force, in a retard-

ing force, or (in case there is no opportunity

for the body to be brought into motion) in

no force at all.

But to return : a body is put in motion by
gravitation only ; it falls, and there is a force

generated, which increases in proportion to

the space through which the body falls. This

space, again, is proportional to the square of

the time that gravitation acts, accordiug to the

well-known law of falling bodies. Suppose,

now. that this motion, after being produced

by gravitation, is totally or partially des-

troyed by resistance, heat will be produced.

Direct experiments have demonstrated this

to be a permanent fact. By modifying the

circumstances, electricity, light or magnetism
may be produced or apparently generated

;

and we may therefore look upon gravitation

as the prime source of all other forces. In

the same manner as we cannot destroy the

motion of a leaden ball, falling only from
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the height of a few feet on the floor, with-

out observing a remarkable increase in the

temperature, so any cosmical matter, falling

toward a center of attraction (the sun), must,

at reaching that center, where its motion is

destroyed, cause a rise in temperature, of an

intensity proportional to the weight of mat-

ter, and to its final velocity. When the

masses are thousands of millions of tons,

and the distance through which they fall

thousands of millions of miles, and conse-

quently the velocities enormously great, the

resulting rise in temperature must neces-

sarily be far beyond our conception, This

is, in fact, the modern modification of the

celebrated nebular theory of La Place.

When gravitation is prevented from pro-

ducing motion, no equivalent of heat can be

produced by the destruction of motion, as

there is no motion ; and, as all force can be

expressed by an equivalent number of units

of heat (one unit of heat being 770 units of

force or foot-pounds), it becomes at once self-

evident that the simple weight of bodies, as

it can not be expressed in terms of heat,

can not and must not be considered as ex-

pressing anything like a force. It must,

therefore, not be used in a sense conveying
the thought that a ponderable body of a cer-

tain weight can represent a force. The de-

fective but common use of language, in men-
tioning forces of so many pounds, hundred-
weights or tons, should give way to the more
accurate ideas of modern science. Reform
in this direction will be much easier than at

first appears.

—

AmericanJournal of Mining.

Hollow vs. Solid Shafting.—Hollow
shafting, where large diameter is not

objectionable, has long been in use, made
generally of east iron, and frequently used
as a drum or continuous pulley for the re-

ception of belts. Such a shaft was used in

the " pistol shop " of Colt's factory before

the destruction of the building by fire about

four years ago, and a similar line may now
be in use in the reconstructed building.

This shaft was five hundred feet long and
fifteen inches diameter, made of hollow cast-

iron cylinders, connected with each other by
a solid shaft or bearing at each end, resting

in a box as a journal. The result was an al-

most continuous drum, of five hundred feet

in length, from which belts led to the counter
shafts of the machines, the speed of each
machine being regulated by the diameter of
the pulleys on the counter shafts. We have
heard also of wrought iron pipes of only two

inches diameter being used as shafting suc-

cessfully.

Tredgold says that a round tube whose
internal and external diameters are as seven

to ten, respectively, has twice the lateral

strength of a solid cylinder containing the

same amount of material. A cylinder (solid)

of cast iron, five inches diameter, has a

transverse strength of 21,104 pounds, while

one of eight inches diameter, containing the

same cross sectional area of metal, has a

transverse strength of no less than 45,416
pounds.

These facts would seem to show plainly

the possibility of reducing the weight, ma-
terially, of shafting, without a diminution of

its strength. The weight of shafting is a

mass, the inertia of which must be overcome

by the driving power, and in some cases the

amount of power, otherwise useful, that is

thus absorbed, is not less than twenty per

cent. If by the use of lighter shafting this

could be reduced only five per cent, the sav-

ing would be worth an effort. Shafting must
be of sufficient diameter to sustain the weight

of pulleys and the strain of belts without

springing, but if the requisite stiffness—re-

sistance to torsion and springing—can be

obtained by hollow shafts of much less

weight, not only is money saved in the first

cost (shafting being furnished by the pound),

but the continual expense in the absorption

of unnecessary power in driving the unne-

cessary weight would also be prevented. That
hollow shafting of wrought iron can be made
cheaply is sufficiently apparent when we ex-

amine specimens of pipe used for various

purposes. And not only would the first cost

be less, but the ease of handling, owing to

reduction in weight, would lessen the cost

of turning, etc. Such shafting could also

be easily oiled from the inside, which would
seem to be the proper method.

—

Scientific

American.

Hartmann's Locomotive Works.—
Mr. Richard Hartmann has recently

added to his large works at Chemnitz, Sax-

ony, a locomotive erecting shop, with lines

for thirty-five engines. This shop is 466 ft.

long, and 120 ft. wide. The shop for lathes

and machine tools, which has been some
three or four years at work, is 450 ft. by 90

ft. Mr. Hartmann now employs 2,800 work-

men, They are chiefly employed upon loco-

motives and machine tools. When the bus-

iness in textile fabric machinery is fairly

prosperous, 500 more workmen are employed*
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WIRE ROPE TRANSPORT SYSTEM.
" Mechanics' Magazine. "

A novel use of wire ropes has recently
been patented and put into practice by Mr.
Hodgson, C. E., having for its object the
construction of light and cheap ways for the
transport of mineral or agricultural produce
in localities as yet unprovided with railways.
Though a great number of cases exist in

Great Britain to which it may be applied
with advantage, the chief development of
this method of carriage will probably take
place in the colonies, and in other countries
which stand in urgent need of light lines of
some kind to convey their productions to the
main arteries of inland communication, or
to ports. The system may briefly be defin-

ed as a continuous development of the plan
now not unusual in India, Australia, and in

some mining districts, of bridging over a
river or ravine by a single wire rope, by
which, carried in a bucket suspended by a

pulley, the necessary loads are transmitted
from one point to another.

To accomplish the easy passing of the
points of support necessary to carry out a

continuous line of communication, and to

provide for the distribution of the burden
and the application of motive power, have
been problems of no small difficulty ; but,

after experiments on a first trial length of

half a mile, during the autumn of last year,

these practical details were worked out, and
a contract was immediately entered into for

a line of three miles in length at Bardon
Hill quarries, belonging to Messrs. Ellis and
Everard, near Leicester, which has recently
been completed, for mineral traffic. The
practical working of this line was recently
tested in the presence of a number of engi-
neers and gentlemen interested in the ques-
tion, when it was found to work well, and to

answer its purpose admirably. This line

consists of an endless wire rope, supported
on a series of pulleys carried by substantial

posts, which are ordinarily about 150 feet

apart, but, where necessary, much longer
spans are taken, in one case amounting to

nearly 600 feet. This rope passes at one of
its ends round a Fowler's clip drum, work-
ed by an ordinary portable steam engine,
and the rope is thus driven at a speed
of from four to six miles an hour. The
boxes in which the stone is carried are hung
on to the rope at the loading end., the at-

tachment consisting of a pendant of peculiar
shape, which maintains the load in perfect

equilibrium, and at the same time enables it

to pass the supporting pulleys with case.

Each of these boxes carries 1 cwt. of

stone, and the delivery is at the rate of about
200 boxes or ten tons per hour for the three-

mile distance. It is almost unnecessary to

observe that the proportions of such lines

can be varied to any extent to suit the re-

quirements of any particular trade, ranging
from 10 tons to 1,000 tons per day.

In the case of lines for heavy traffic, where
a series of loads, necessarily not less than 5

cwt. to 10 cwt. each, must be carried, a pair

of stationary supporting ropes, with an end-

less running rope for the motive power, will

be employed, but the method of supporting,

and the peculiar advantage of crossing al-

most an}f nature of country with a goods line

without much more engineering work than

is necessary for fixing an electric telegraph,

without bridges, without embankments, and
without masonry, exists equally in both

branches of the system. The cost of es-

tablishing these lines will vary considerably

in proportion to the quantity they are re-

quired to carry, but from their peculiar con-

struction their cost will vary very slightly

in relation to the nature of the ground which
they may traverse.

The most important feature in Mr. Hodg-
son's invention is his method of passing the

points of support. Both in lines like that

now in operation, where the rope moves, and
in those in which it is proposed to have a:

standing rope separate from the propeller,

the stability of the load is obtained by curv-

ing in the frame of the carriage till the

centre of gravity comes under the rope.

The overhanging of the rope is of course

essential in this case. Nothing can be more
satisfactory than the working of the present

thi'ee mile line, which stamps it as a prac-

tical invention, and which we hope will lead

to its adoption wherever the -necessity for

such an appliance exists.

Burning Liquid Fuel.—Another sys-

tem has been, after long experiment, put

in regular and successful operation by Mr.
A. Smith, Stratford, England. The creosote

is stored in an underground tank outside the

engine-house, from which it is forced up by
steam pressure into a reservoir, also outside

the engine-house, and to which is attached a

float and a graduated scale, by which the

consumption of oil is ascertained. A sup-

ply pipe from the cistern, with a regulating

cock is turned into the tube of each of two
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Cornish boilers, 18 ft. long, 5 ft. diameter,

with flues 2 ft. 6 in. in diameter. The oil

supply pipe projects about 9 in. into the

boiler tube, the mouth of which is simply

covered by a plate of thin sheet iron, which

is raised or lowered to regulate the draft.

Into the oil tube is turned a smaller tube

carrying the superheated steam, which issues

from small apertures at its nozzle. The
creosote is thus driven into the furnace with

great force, being broken up into the finest

spray, and forming a powerful flame, which
impinges upon a heap of brick core in the

tube which is maintained at a red heat.

From the single jet, steam is easily kept

in each of these boilers at a constant pres-

sure of 55 lb. to 60 lb., which is supplied to

two engines for driving the machinery. One
of these engines is a 10-horse power hori-

zontal ; the other, a 80-horse power beam
engine. Besides the two boilers already

mentioned, there is a third of the same dimen-
sions, in which steam is kept up by the waste
and refuse produced in the factory, the steam
being used only for heating purposes, and
not for the engines. This boiler is always
going, and in the morning supplies steam
with which the' creosote furnaces are start-

The consumption for the two boilers is

seven barrels of thirty-six gallons each per

day of 12 hours. Taking the cost at the

fair price of Id. per gallon, we have only

£1 Is. per clay, or 10s. 6s. for each boiler.

Mr. Smith's consumption of coal used to be

2-j tons per day—a great contrast in point

of expense to his present working. Then,
there is a further saving in attendance, a boy
being well able to do all that is necessary,

whilst there is no clinkering, nor are there

any fire-bars to burn out. Altogether, a

great economy is realized, and much credit

is due to Mr. Smith for the simplicity and
efficiency of his invention.

—

Mechanic s Ma-
gazine.

The "Zirconia" Light.—The specifica-

tion of Messrs. Tessie du Motay & Co.
for improvements in oxyhydrogen light, is

as follows :

"Zirconia. or oxyd of zirconium, in what-
ever manner it may be extracted from its

ores, can be agglomerated by compression
;

for example, into sticks, disks, cylinders, or

other forms suitable for being exposed to the
]

flame of mixtures of oxygen and hydrogen,
j

without undergoing fusion or other altera-

1

tion. Of all the known terrous oxyds, it is
|

the only one which remains entirely unalter-

ed when submitted to the action of a blow-

pipe fed by oxygen and hydrogen, or mix-
tures of oxygen with gaseous or liquid car-

bonated hydrogens. Zirconia is also, of all

the terrous oxyds, that which, when intro-

duced into an oxyhydrogen flame, develops

the most intense and the most fixed light.

" To obtain zirconia in a commercial state

I extract it from its native ores by trans-

forming, by the action of chlorine in the

presence of coal or charcoal, the silicate of

zirconium into double chloride of zirconium

and of silicium. The chloride of silicium.

which is more volatile than the chloride of

zirconium, is separated from the latter by
the action of heat ; the chloride of zirco-

nium remaining is afterwards converted to

the state of oxyd by any of the methods now
used in chemistry. The zirconia thus ob-

tained is first calcined, then moistened, and
submitted in molds to i,he action of a press

with or without the intervention of agglu-

tinant substances, such as boracic acid or

clay. The sticks, cylinders, disks, or other

forms thus agglomerated, are brought to a

high temperature, and thus receive a kind
of tempering or preparing, the effect of

which is to increase their density and mole-
cular compactness.

" I can also compress in molds shaped for

the purpose a small quantity of zirconium

capable of forming a cylinder or piece of

little thickness, which may be unjted by
compression in the same mold to other re-

fractory earths, such as magnesia and clay.

In this manner I obtain sticks or pieces of

which only the part exposed to the action of

the flame is of pure zirconia, while the re-

maining portion which serves as a support to

it is composed of a cheap material.
" The property possessed by zirconia of

being at once the most infusible, the most
unalterable, and the most luminous of all

the chemical substances at present known
when it is exposed to the action of an oxy-

hydrogen flame, has never before been dis-

covered, nor has its property of being capa-

ble of agglomeration and molding, either

separately or mixed, with a small portion of

an agglutinant substance. "

—

Chemical News*

\Taval Bureau of Steam Engineer-
li ing.—The appointment of Mr. King in

place of Mr. Isherwood as chief of this de-

partment, will close the era of experiments,

and inaugurate, it is to be hoped, the safe

practice of following good examples.
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BUTT-JOINTED BOILERS.

From "Engineering."

For some time past several of our leading

locomotive engineers have been in the habit

of making the boilers of the engines con-

structed by them with butt-jointed longitu-

dinal seams, provided with both inside and
outside covering strips. No doubt those

employing this form of joint, consider it—and
very justly—to be a good one ; but, judging
from the proportions of the riveting frequent-

ly used in connection with it, we believe that in

many cases its merits are far from being fully

appreciated. Our reasons for this opinion

may be explained very briefly. In the case

of what we may term an " ordinary " rivet-

ed joint—as, for instance, a lap-joint, or a

butt-joint with a covering strip on one side

only—failing by the shearing of the rivets,

this shearing takes place at one point only
of the length of the latter, whilst in the

event of a butt-joint with covering strips on
both sides failing in a similar way, each rivet

will be sheared at two points. In other

words each rivet is in the last-mentioned

joint in a state of "double shear," as it is

sometimes called, and therefore exposes twice

the resistance that a rivet of the same size

would offer in, what we have termed for di-

tinction, an " ordinary " joint.

Taking this fact into consideration,

it follows that in a butt-joint with cover-

ing strips on each side of it, the clear

space between each pair of rivet holes,

should for any given diameter of rivets

be twice as great as an "ordinary" joint

made with rivets of the same dimensions.

Judging, as we have said, from the propor-

tions of the riveted joints of the kind we
are considering, which have been actually

adopted in practice, the fact just stated has

been very generally overlooked, and the

rivets have been set at the same pitch as if

they were in "single shear" only. Under
these circumstances the strength of the rivets

is very greatly in excess of that of the length

of plate left between the rivet holes, and the

joint is, therefore, to some considerable

extent, weaker than it would be if proper

proportions were adopted.

The actual extent to which the strength

of a butt-joint with covering strips on both

sides is deteriorated by the adoption of a

pitch of rivets, etc, suitable for '' ordinary"

joints, depends upon other considerations

besides the one already mentioned, and how
this is the case, we can perhaps best explain

by an example. Let us, for instance, sup-
pose a boiler, composed of -^in. plates, and
having butt-joints with covering strips on each
side, has been riveted up with § in. rivets

placed at 2 in. pitch—a proportion very com-
monly adopted in locomotive work—and let

us see how far the strength of the joint can
be increased by taking into consideration
the fact that the rivets are in " double shear."
In doing this we shall preserve the propor-

tion between the areas of the rivets and of
the plates between the holes unaltered—not
that we consider it the best, however—and
we shall suppose the strength of the joint to

bear the same proportion to the strength of

the solid plate as the length of the plate left

between each pair of rivet holes does to the

pitch between the centers of those holes.

We are quite aware that this latter supposi-

tion is not exactly correct ; but in compar-
ing several joints with each other the error

arising from the adoption of such a standard
of comparison is very light. Having made
these premises we may now return to our
proposed investigation. In the case of the

joints with ^ in. rivets placed at 2 in. pitch,

the length of plate left between each pair of

rivet holes would be l g in., or nine-sixteenths

of the pitch, and the strength of the joint,

measured according to our standard, would
be nine-sixteenths, or 56^ per cent, of that

of the solid plate. Acting on the considera-

tion that the rivets are in double shear, they

might theoretically be moved to a distance

of 3g in. apart from center to center, leav-

ing a space of 2^ in. between the holes, and
increasing the strength of the joint, measur-
ed, as before, to eighteen-twenty-fifths, or

72 per gent, of the solid plate. If a pitch

of 3gin. was admissible with rivets | in.

in diameter, we should, as will be seen, then

obtain an increase in the strength of the

joint equal to 15| per cent. ; but practical-

ly it would be impossible to keep such a joint

tight under high-pressure steam, and we
therefore come to the conclusion that in place

of increasing the pitch it will be advisable

to reduce the size of the rivets in order to

allow for the latter being in double shear.

Let us, for instance, aMow the distance be-

tween the rivet holes to remain lg in. ; and
let us employ rivets | in. in diameter in place

of g in., the area of the former being prac-

tically half that of the latter. Under these

circumstances the pitch will belg -j- §= If
in., and the length of the piece of plate left

between each pair of rivet holes will be

nine-fourteenths of the pitch, the strength
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of the joiut being thus, according to our

standard, nine-fourteenths, or 64.285 per

cent of that of the solid plate. The gain

over the strength of the joint with § in.

rivets and 2 in. pitch, is not so great in this

instance as when the space between the

rivet holes was doubled ; but it ueverthless

amounts to over 8 per cent—an increase

well worth gaining.

We have, we think, said sufficient to ex-

plain the principles which we consider should

be borne in mind in determining the pro-

portions of riveting for butt-joints with

double covering strips, and we need not,

therefore, say more about these principles

here ; but before leaving the subject it may
be interesting to point out a deduction to

which the facts above stated lead. This de-

duction is that a properly proportioned

single-riveted butt-joint, with any given

thickness of plates, and with covering strips

on each side, possesses nearly the same
strength as a properly proportioned double-

riveted lap-joint or butt-joint with a cover-

ing strip on one side only. In a properly

proportioned double-riveted joint the spaces

between the rivet holes (measured along

each line of rivets, not zigzag) should be
twice as great as that required in single

riveted joints having rivets of the same dia-

meter; and we have seen that the same rule

applies to single-riveted butt-joints with
double covering strips, hence our deduction.

In a double-riveted butt-joint, with covering

strips on both sides, the strength bears, of

course, the same proportion to a single-rivet-

ed joint of a similar class that a double-

riveted " ordinary " joint does to a single-

riveted one.

In concluding this article we may notice

one matter connected with riveted joints to

which attention is not generally paid, and
that is that the proportion which the

strength of the joint bears to the solid plate

increases with an increase in the diameter of

the rivets used. The reason for this is

self-evident. The area of rivet increases

as the square of the diameter, whereas
the length of plate (measured along the

line of the joint) removed to mike room for

the rivet varies as the diameter of the latter

only. Thus, supposing that with a certain

thickness of plates | in. rivets should be
placed at a pitch of 2 in., leaving 1£ in.

between the holes, then, with the same thick-

ness of plates, 1| in. rivets (supposing the
use of such rivets was admissible) would have
to be placed at a pitch of 6^ in., the spaces

Vol. T.—No. 4.-24.

left between the holes being A\ in. In the

former case 43 \ per cent, and in the latter

case but 28 per cent of the plates would be
removed in forming the rivet holes. This
fact shows that it is desirable to in all cases

employ in riveted joints the largest diameter
of rivets consistent with the fulfilment of

other requirements, which practice has shown
to be necessary for the attainment of good
results.

UNDERGROUND RAILWAYS.

THE DIFFERENT SYSTEMS COMPARED.

The Metropolitan Underground Railway,
in London, is the model, from which any
departure would be, according to the ma-
jority of newspaper reports, presumptuous,
unsafe, and not to be considered. We
propjse to review very briefly the various

reports relative to this line, and the opin-

ions of engineers upon it, with a view to

give some light to those who take an inte-

rest in the subject as it affects New York
and other American cities.

The accounts of the success of that work,
published here, appear to have emanated
from the promoters of various schemes of

the kind for New York, and are more favor-

able than those we find in English engineer-

ing journals. For example: in a pamphlet
on the Arcade Railway scheme is an extract

from the "Evening Post," purporting to be
from a report of an eminent American engi-

neer, stating that the work is a great com-
mercial success, and that, though it cost

enormously, its dividends have been 12 and
15 per cent. But in the " Railway News "

we find that the dividends have been 5 per
cent for the first year, 5 \ per annum for the

next half year, and 7 per cent from that

time to the last half yearly dividend, which
was at the rate of h\ per annum. And we
find that there has been a serious contro-

versy, in which the directors have been
charged with impropriety in making divi-

dends out of capital. A public accountant,

Mr. J. P. Lithyre, in a pamphlet, says he

was requested, professionally, to examine
and report upon the affairs of the company,
and that he found that the dividends had
been paid mainly out of capital ; and that

the earnings had not been much over 2 per

cent ; and that, after closing the capital ac-

count, it would be a considerable time be-

fore the common stock would receive 3 per

cent dividends.

We also see a report that another under-
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ground line, in London, from the post-office

under Holborn and Oxford street, is pro-

jected, to be worked by stationary engines.

This indicates that the system of the Metro-
politan line does not fully satisfy engi-

neers. " Engineering," though it highly

lauds the construction, rolling stock, and
working of the Metropolitan, has speculated

on improvements which would involve a

general reconstruction, or something nearly

equivalent.

And there are other systems, which for

some years have been discussed, which im-

ply that the Metropolitan is not the best

system for city passenger traffic, however fit

it may be for the work of the Great Wes-
tern railway, for which it was built,—being

an extension of that line into the heart of

the city. Of these proposed systems, that

of Mr. P. W. Barlow, has found most favor.

Its main features are : 1st. Stations on sum-
mits, thirty feet or more above the general

level of the line. 2d. Starting the trains

from the stations, by very powerful stationary

engines, at speed sufficient to send them to

the next station. " Engineering " decidedly

approves the summits, even for lines worked
by locomotives.

Of the plans proposed here, which have
been before the Legislature, the first con-

ceived was that brought before the Legisla-

ture by Mr. Schuyler, two or three years ago.

It was published in 1852, in " Appleton's

Mechanics' Magazine," by W n, (whom
we take to be Mr. Worthen, C. E., then

attached to the New Haven railway.) Its

chief object was, to bring down to the lower
part of the city the cars of the New Haven
and other country lines ; but it also had a

secondary object, which was, the city pas-

senger traffic. These objects are the same
as those of the London line ; and, had the

plan been adopted here, probably it would
have resulted, as there, in a success of the

subordinate object, to such extent as to em-
barrass the chief object. This plan was, to

run a double track railway, in an open cut-

ting between Broadway and Mercer, and
other streets in line. Since that time it has

become much more difficult, on account of

the buildings that have been put up on the

rears of the lots ; some of which have cost

highly, and would greatly enhance the land

damages.
Mr. Willson, at first, actively proposed

^the underground line in New York, after ex-

amining fully into the London line, and Mr.
A. P. Robinson, C. E., who assisted him,

were inclined to propose this route between
streets, as much as possible, in open cut-

tings ; but were constrained, by the pros-

pect of enormous land damages, to propose

a tunnel under Broadway. And the other

underground plans, including the Arcade,
have the same feature of being entirely cov-

ei'ed, therein differing from the Metropoli-

tan, which is one-third in open cuttings.

Messrs. Willson and Robinson propose to

ventilate through hollow lampposts fourteen

inches in diameter; and the Arcade is pro-

posed to be ventilated trough the areas of

the buildings. We do nut believe that

either plan of ventilation would render the

air wholesome or endurable ; and the ven-

tilation through the areas would vitiate the

air in the buildings, especially when the

windows are open. Neither plan would
work so well as that of the Metropolitan

;

and that excites much complaint, and though
its friends are reticent about it in public,

they privately admit that it is far from sat-

isfactory. Mr. Johnson, its resident engi-

neer, while in this city, said that the com-
pany intended to buy more land to make
more openings ; and Mr. Dredge, an engi-

neer, who was employed in the construction,

informed us that, twenty feet inside the

tunnels, the sulphurous odor of the gases

was perceptible. And there have been

reports in the journals that the health

of the employees has been seriously inpair-

ed, and several passengers have died on the

line. Compared with the open cutting plan,

this plan is so inferior that no just amount
of land damages can warrant its adoption, if

we may judge from the evidence that has

come under our notice ; and the close tun-

nel and arcade plans, we believe, would be

so much worse that locomotives could not

be used in them without repelling the greater

part of the people for whose use the work is

proposed.

There have been other plans, but as they

seem not likely to get moneyed backers, or to

be further urged, we have no occasion to

seek for their faults, and we know of no

merits in them that require us to notice

them particularly.

These tunnels would have a different char-

acter could they be worked by stationary

engines, either on the rope-traction system,

or on Barlow's system of impulsion. The
rope system has not yet got beyond a very

feeble infancy, totally inadequate to the serv-

ice required in this city. That of Barlow

has not been even tried, but it looks well in
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theory. And, compared with the open cut-

ting plan, for the line between Broadway
and Mercer street, we think, in view of the

land damages, that Barlow's system is not

unlikely to be deemed best, after full con-

sideration of the advantages and disadvan-

tages of both plans.

Barlow represents—in papers read before

the Society of Civil Engineers—that the cost

of the permanent way will be much lessened

if the 42-ton locomotives can be got rid of.

It is commonly held that a 4-coupled loco-

motive of this class injures the track fully

as much as twice its weight of carriages

;

and, as the trains weigh but 80 tons, it fol-

lows that more than half the cost of track

is by the engines. And this wear is such,

that the steel rails have to be renewed in two
years. He also represents that the cost of sta-

tionary engines would be much less than

that of locomotives. And fuel of ordinary

quality could be used, instead of the best

coke, at double the cost of coal. But the

most striking advantage claimed is a consid-

erably higher speed ; the stationary en-

gine, drawing by means of a chain, is not limit-

ed in power like the locomotive, by liability to

slip, Lut may draw with a force equal to the

weight of the train, or greater ; whereas,

the Metropolitan engines draw with a force

not exceeding yVth of the weight of the

train and engine. Therefore, in a thirty-

fifth of the distance between stations, the

stationary engine may do as much work as

the locomotive can do in the whole distance.

And practically, there is no doubt, a sta-

tionary engine, working with a chain

over two pulleys two hundred feet apart,

may start a car or a train with sufficient

speed to overcome all the resistances on a

line of half a mile, and arrive at the next
station at a useful speed of six miles an hour
or more. The descent from the summit will

help to give the speed ; and the ascent to

the next summit will help to extinguish it.

or will reduce it to a low rate, which the

brakes will extinguish without much wear of

wheels.

To explain this, let us suppose an exces-

sive undulation of the line. Let the stations

be on a level with the sidewalks, so that the

passengers need not have the fatigue of going
down and up stairs, for twenty feet average
as proposed by the tunnel projectors, or sev-

enteen feet as proposed by the arcade people.

From these stations let the line descend both
ways, at the rate of 1 in 5, for 660 feet. In
running down this incline, a car will acquire

a speed of 60 miles an hour ; it will not only

overcome the inertia of its weight, but will

also overcome the additional inertia of its

wheels and axles as rotating bodies. It will

then continue to run, on a level, at 60 miles

an hour, until it reaches the next incline,

which it will ascend, and arrive at the sum-
mit with its speed extinguished. In this

case we suppose that it has had no friction

or atmospheric resistance, or that these resist-

ances have been overcome by additional

power given by the stationary engine. Thus
the power required to start is given by grav-

itation, and taken back by gravitation ; and
only the power necessary to overcome the re-

sistances of steady running has to be given

by the fuel, with a small addition for an
excess of speed of six miles an hour, at the

end of each run, to save time.

In this mere illustration we have suppos-

ed an inclined plane from the summit, and
a level to the next incline ; but Mr. Barlow
proposes a cycloidal curve from summit to

summit, as the line of quickest transit.

In the descent, on the inclined plane,

the car would run an eighth of a mile at

an average speed of thirty miles an hour,

and would then run a quarter of a mile at

the rate of sixty miles an hour, and then as-

cend the next incline at an average of thirty

miles an hour, making three-quarters of a

minute for the half mile. It would then stop

three-quarters of a minute—which is the

time on the Metropolitan—making one and
a half minutes, or three minutes per mile,

or an average speed of twenty miles an hour,

with stations one-half mile apart. Now
•'Engineering" computes that 13| miles an

hour is the highest speed practicable on the

Metropolitan system, with stations five-

eighths of a mile apart. Thus it seems

that, without exceeding the maximum speed

obtained on English railways—64 to 75

miles an hour—we can get an average speed

one-half greater by Barlow's system than

we can get by the Metropolitan system, or

the modifications of it proposed here.

Comparing the plan of Mr. Schuyler or

Mr. Worthen with the tunnel or arcade, we
find certain advantages in each. As to

speed, it will be greatest where steam can

be made most freely, that is, in the cuttings.

In the tunnels, on the Metropolitan, the ex-

haust is turned into a condenser; and not

more than one-eighth as much steam is made
as is made in the cuttings, where the blast

is used. And here, we are confident, the

covered ways will prohibit rapid steaming

;
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and high speed will be attained only in the

open cuttings. On the other hand, the cov-

ered line will be protected from atmospheric

influences, which will render a better con-

struction practicable, and insure greater du-

rability, and get rid of the troubles due to

snow and ice, and the cost of removing them.

This advantage will be most fully attained

in Barlow's plan; for that admits of being

entirely housed, covered, and ventilated by
the best methods ; so that the temperature

need not vary beyond the limits of 60° in

winter, and 80° in summer. The perma-
nent way may, therefore, be uncommonly
permanent ; but whether the air will be pure

enough for health and comfort is a more
doubtful question, which may be answered,

more or less confidently, by those who are

accustomed to ferry boats, city cars, and
other conveyances controlled by men who
have got their franchises by favor or other-

wise, and use them solely to gain all they

pan by them. In view of such uncertain-

ties, the open cutting will have numerous
advocates.

A station on the Barlow plan will oc-

cupy the lower story of nearly the whole
rear of a block, for a width of 30 feet ; but
it may be built over, to any height, by those

who supply dark offices to people who are so

improvident as to use them. From this

block the line will descend so rapidly as to

go under other blocks, without disturbing

them—the tunnels being driven. The land
damages will therefore not much exceed the

cost of land for the stations.

The cutting plan will occupy at least 28
feet wide through the back yards. This, or

even 40 feet, would really be no loss to the

property, for the light-room would be worth
more than the buildings that could be put
upon it; but this is not the opinion of land
owners, and they would demand, and proba-
bly get, immense damages—perhaps so much
as to render the work unproductive

There is another plan proposed in a paper
on underground railways, read before the

Polytechnic Club of the American Institute,

by Mr. J. K. Fisher. He proposes to adopt

the open cutting plan, locating it where
land damages may be less than on the line

between Broadway and Mercer street ; and
to modify it by laying an iron floor instead

of rails, and by running steam carriages in-

stead of trains drawn by locomotives. He
claims that the carriages can pass each other,

so that through carriages can run from end
to end without stopping, at full speed ; and

that the speed may be greater than is at-

tainable on rails, because the flange and
cone friction will be avoided. For an up-

and-down line 40 feet width would be re-

quired ; and a guard in the middle, to keep
down-carriages from meeting up-carriages,

might be adopted ; so that collisions could

occur only by carriages overtaking others,

and the violence would be in proportion to

the difference of their speed, and not so great

as to cause injury to persons. But when
two streets of this kind are built, one may
be used for upward, and the other for down-
ward carriages, and the guard may be re-

moved. No pedestrians, and no vehicles

but those of the company, to be allowed in

these undergrade streets ; and all vehicles

to run at one rate of speed when on the mid-

dle of the street ; and to turn out before

they stop. The stations may be nearer to-

gether than on a railway ; and the way-car-

riages may pass some of them, so as to make
fewer stops than trains must make ; for ex-

ample: Carriage A, starting from station 1,

may stop at station 3, 5, 7, etc., or at 4, 7,

10, etc.; and carriage B may stop at inter-

mediate stations, so that passengers will be

better accommodated, and the speed will be

less interrupted than on rails, where every

passenger must stop at every station.

Steam carriages are under a cloud, which

their friends regard as a cloud of ignorance.

They were designed for common roads, and

ran upon them to the extent of 50,000 miles

or more, before railways got much into use.

They were practically approved by several

of the best mechanical engineers in the

world, who took out patents for improve-

ments in them, and built them. Among
these engineers were Maudsley, Field, and

Bichard Roberts, then at the head of their

profession ; and Scott Bussell and W. A.
Summers, then rising to celebrity. But the

iron road beat the macadam road ; and the

locomotive, then called a steam carriage,

was supposed to have beaten a lighter steam

carriage ; but there was powerful opposition

to both systems of steam locomotion, against

which the common road carriages did not

prevail. But about twenty years ago Mr.

Brydges Adams proposed steam carriages

for railways, and built several, which worked

well where the traffic was insufficient for

trains. In this country we call them steam

cars, and have used them, and still use

them, to a considerable extent ; and Mr. A.

P. Bobinson, in his report of a plan for a

tunnel railway under Broadway, proposes to
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adopt them exclusively for that line ; and

gives engravings of two plans, one by Grice

and Long, the other by Mr. Fisher. Take
the flanges from their wheels, and add steer-

ing gear, and these cars become steam car-

riages capable of running on any good road.

It is supposed that they cannot run profit-

ably on a poor road ; but none who have

examined them doubt that on iron or even

stone floors they can work advantageously.

The question, therefore, is: can light en-

gines, on equally good roads, with stations

half a mile apart, work more economically

than heavy engines ? Can 125 tons be

stopped and started as cheaply as ten tons,

or less ? Mr. Robert Fairlie, C. E., distin-

guished as the inventor of a new locomotive

that is coming much into use, has shown, in

a paper read before the Society of En-
gineers, that the average number of passen-

gers, per train, on the Metropolitan railway

is 55. A 10-ton carriage could carry them;

and most of the work done in the middle of

the day could be done by a few light car-

riages, leaving the greater number at rest

until the movement of people to and from
their business. Not only is an unnecessary

weight of train used for a small traffic dur-

ing a great part of the day ; but this weight

stops and starts at all stations, and cannot

do otherwise on this system. Now, on seve-

ral of our railways, whose maximum speed

is not much greater than that on the Metro-
politan, careful observations have been
made, to find the cost of stopping and start-

ing trains ; and they agree, very nearly,

that one cent per ton is about the cost. Mr.
A. F. Smith, ten years ago, when superin-

tendent of the Hudson River railway, esti-

mated that it cost §1.25 to stop and start a

passenger train on that line, on which the

trains averaged about 125 tons. Now there

is an advantage in favor of a steam car-

riage, in that it can stop by reversing, and
thus avoid wear of its wheels by brakes

;

and this advantage, where stops are fre-

quent, goes far to balance the greater econ-

omy of large engines, so that it is not ex-

travagant to say that one cent per ton would
pay for stopping and starting it, and that

this considerable part of the working ex-

penses will be lessened in proportion as the

weight to be stopped is lessened. But as

the through carriages will make but few
stops, and the way carriages will stop less

than the trains, there will be further reduc-
tion on this score. Moreover, if a single

carriage breaks down, it will slide along on

a floor, and no person will be hurt ; but if a
locomotive, or a car in a train, break down
all that follows will dash against it, and
many may be killed and wounded. There
fore it is necessary to make the railway
vehicles excessively strong and heavy for
safety. The cars on the Metropolitan weigh
sixteen tons empty. Half this weight could
be saved were they not subject to be strain-
ed by the 42-ton engines, and were there no
serious harm to come in case of breaking
down.

Considering all these conditions, it

is probable that eight times more fuel
is consumed on the Metropolitan railway,
for an equal number of passengers carried
than would be consumed on an iron floor
by steam carriages ; and that this con-
sumption of fuel is an approximate index of
the wear and tear of engines and carriages.

All these schemes should be tested, so far
as practicable, before risking a vast capital
upon any of them. The cost of testing the
economy of either of the railway plans
would be great,—miles must be built and
worked for some time before a reliable judg-
ment could be formed. But to test the un-
settled questions relative to steam carriages,
whether they can be steered securely at the
speeds desired, and can work effectively and
economically, would involve little cost, for
one may be tried on any good macadam
road. A very large boiler would be requir-
ed to test the practicability of steering and
handling, at high speed, on a common road

;

but this would be allowed for in estimating
the useful load that may be carried on an
iron floor.

In this plan the way traffic will not retard
the through traffic, nor the intermediate
traffic, but each carriage will run at as high
a speed as if it had the whole road to itself.

A carriage that loads at the Battery and un-
loads at Harlem, will run through at full
speed; and one that stops at two or three
stations below Canal street, to pick up pas-
sengers, will run eight miles at full speed,
and then stop at two or three stations to set
them down and pick up others. And the
short traffic, by alternate carriages stopping,
will be made somewhat speedier than it can
be on rails.

The tractive force of the locomotive is

relatively small—80 tons on the drivers to
125 tons total weight; but the steam car-
riages will have twelve tons on the drivers
;to 20 tons total weight; its power to start

I

quickly will, therefore, be greater in the
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proportion of two and a-half to one ; and

this would enable it to attain a considerably

higher average speed on the short traffic.

It is understood that on long runs the speed

is due to the boiler ; but on short runs it is

due, in a great measure, to the cylinders,

since they get up the speed. Mr. Fisher

claims that sixteen miles an hour may be

got on the short traffic, and 40 on the

through traffic, and intermediate rates on

the intermediate traffic, according to the

frequency of stops ; and these rates will not

tax the engines or the way more than they

are taxed in English foot passenger practice,

or on the Metropolitan railway.

Having thus compared the Barlow tunnel

plan with the open cutting plan, worked in

two different ways, and shown that the

speeds probably will be, for the railway in

the cutting, thirteen and three-quarters at

the utmost, and for the floor, sixteen to 40,

and in the Barlow tunnel it may be 20 ; we

may briefly consider the speed of the rope-

traction tunnel plan which Mr. Hawkshaw
proposes to go under Holborn and Oxford

street. The wire rope is to run all the time

at sixteen miles an hour, and the cars are to

have means of "slipping the rope," which,

we presume, means that they are to catch

hold of it in such wise that there will be

some kind of yielding, that the car may
start gradually. Mr. Harvey, on the Green-

wich street elevated railway, has springs on

his cars, which are bent by the rope to soften

the shock, and to avoid loss of power by
friction. But this plan does not work well

even at eight miles at hour ; and the rope

system on the Blackwall railway did not do

what is required for the lines now proposed;

and we know nothing of Mr. Hawkshaw's

new devices, if he has any ; and though we

don't venture to say what can't be done, we

say that the rope system, has had a long

trial, under the Stephensons, and failed to

equal the locomotive ; and it must be farther

improved before it will equal the plans we

have herein set forth at some length, but

not fully. But we will suppose, for the

comparison, that Mr. Hawkshaw has devised

means to take hold of the running rope

without wearing it, and to start his car

gently, and to do all he requires in this

detail. What, then, is to be his speed? It

will be liberal to take only one mile from

his sixteen for the half speed, while the cars

are stopping and starting every half mile.

It will require, then, two minutes to run

half a mile, and three-quarters of a minute

stopping, which is five and one-half minutes
per mile, or less than eleven miles per hour
average speed. This is about what " En-
gineering " estimates for a line like the

Metropolitan, if its stations were only half

a mile apart ; and we suspect that Mr.
Hawkshaw has aimed merely to equal the

speed of that system, and that he has found
no encouragement to aim at more.

Which system, then, is wanted? Speed,
we presume, is the chief object in the esti-

mation of the customers, who are ultimately

to pay for the work. Fresh air is also growing
into favor, to such an extent as to mitigate

the objection that it would cost considerably

to keep the open way free from snow and
ice. These two requisites, speed and air,

will be most surely found in the cutting.

But they must be paid for in land damages,
etc. The other plan, that of Barlow, is

very comfortable in theory ; but in practice

we should expect more or less foul air, not

to mention want of daylight. And the

average speed may be set down at a third

less than that on the iron floor. But Mr.
Barlow estimates that the running expenses

will be small compared with locomotive ex-

penses. Into these estimates we are not

prepared to go, and we find no careful esti-

mates in our cotemporary journals.

Having given the gist of all we find worth

reporting in the journals and other records,

we might stop ; but there is a modifying

power which often overrules the opinions

and even the experience of engineers, and
which is very likely to derange such matters

in this city. Lobbiers go to the Legisla-

ture and buy franchises to sell. These lob-

biers know nothing of engineering ; they

take what has been succesful elsewhere

;

they exaggerate its success ; they get up
companies ; they bull their stock and water

it, and sell it; their job is then completed.

And it is good luck if the plan they have

established is not a bad one, made worse by
being put in a place for which it was not de-

signed. It may have on it the names of en-

gineers ; but engineers, like lawyers and
other advocates, look out for fees. As one

has little faith in a lawyer whom he does

not pay himself, so he may about as well

look out for engineers whom he does not

pay. Not that engineers are less honest

than other professional men ; but, like

others, they are of all sorts ; some will re-

sign their employments rather than betray

stockholders, or swindle the public ; others

will hesitate, etc. But any set of lobbiers
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can get engineers enough to engineer any

plan that is already "a success," though

there may be better plans, which, whenever

set to work, will underwork and render pro-

fitless the plans which are thus far success-

ful, only because they have only old and

worse plans to compete with. And we sug-

gest to city men, who want these improve-

ments, and intend to take and hold stock in

them, that they would do well to employ

eno-ineers, on their own account, to get up

plans, rather than buy the franchises which

lobbiers have got from the Legislature.

In conclusion, we judge from the some-

what vague evidence, that the success of the

Metropolitan railway has been greatly ex-

aggerated ; that the plan is deemed defect-

ive by many, if not most engineers ; that

it was not planned for the use into which it

has unexpectedly fallen ; that there are bet-

ter plans for city traffic ; and that it is not

at all fit to go under streets where there

cannot be openings enough to allow the

steam blast, at regular intervals, for at least

a third of the way. And, finally, that it

cannot be applied in this city so usefully as

either of the other plans which we have re-

ported.

In these comparisons we have supposed

the highest speeds that can be attained

as about equal to what is practiced on

the Metropolitan railway. It may be

thought that the speeds should be less, so

that the expenses and fares may be less.

But the time of 55 passengers, for the 4.8

minutes required to go a mile, is worth $2.

64, at one cent per minute per person, which
is a low average for business men. And
this high cost of time ought to be lessened.

But those who do not appreciate this econo-

my may assume any lower rate of speed, at-

tended by less wear and tear, and by lower

fares. And the saving will be as great in

one system as in another, so far as we can

now judge ; and the comparison which we
have made for high speed will hold good for

any lower rate that may be acceptable to

passengers, and profitable to the carrier.

A Gunpowder Pile-driver was de-

scribed at a late meeting of the Frank-
lin Institute. It resembles the ordinary

pile-driver, except that a charge of powder
is exploded, whereby the weight is forced up,

where it is caught, till another charge is insert-

ed. A 400-pound hammer can be operated

with musket charges, driving the piles quicker

and better than the ordinary pile-driver.

IRON ARCHED BRIDGES.

From a paper before the Societe des Ingenieurs Civils,
by M. Yvon-Villarceau, on the application of his
theory of arches to the building of iron bridges.

For several years cast iron has success-

fully taken the place of wrought iron in

iron bridges, with the exception of tubular
and suspension bridges. The difference in

the cost of wrought and cast iron is not the
only reason of this change. In fact, if cast
iron offers as much resistance as wrought to
compression, it is quite different as regards
tension, and it is known that engineers
reckon little on the resistance of cast iron
when undergoing strains of this nature

;

they then prefer to use wrought iron, which
allows them to obtain much smaller sections
than they could if they employed cast iron.

The possibility will thus be perceived, in
employing wrought iron, of reducing the
building expenses of iron bridges where the
metal offers resistance to tensile strains.

But in supposing it possible to obtain, in
this manner, a certain economy, there would
be, by that very fact, a reduction in the
mass of the construction : a consequence of
this reduction of the mass is a diminution
in the stability, because it is highly import-
ant that the bulk of vehicles and casual
weights be as small as possible in relation
to that of the construction itself. Finally,,

the theory of iron bridges, where, at cer-

tain points, the metal offers resistance to-

tension, and at others to compression, is not
yet established, and engineers, obliged to>

have recourse to experience, prudently avoid
extending the results to buildings of differ-

ent dimensions from those they have already
tested.

Cast iron bridges do not offer the same
drawbacks. They may be so arranged that
the metal will only have to resist compres-
sion, and the low price of the metal allows
a lesser economy of the bulk employed..
These motives seem to sufficiently explain
the preference given at the present day to
the use of cast iron in the building of
bridges.

Let us now attempt to show how our the-
ory of arches may be applied to the build-
ing of cast iron bridges. An arch of a cast
iron bridge comprises three distinct parts.

Firstly, the roadway and superstructure
;

secondly, the cast iron framing comprised
between the floor and the extrados, and
equivalent to the stone work of stone
bridges; and, thirdly, the arch or assem-
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blage of framing, analogous to the voussoirs

of stone bridges, and which will fill the place

of these latter. It will be first remarked

that the framing of the system equivalent to

the stone work is in the shape of hollow

prisms with a vertical axis, ended at the

upper part by an horizontal plane, and at

the lower part by a curved surface in con-

tact with the extrados of the arch. This

arrangement of prisms agrees the more ex-

actly with what we considered in our paper

on the building of arches of bridges when
their parts parallel to the road are more
limited. The objections raised by some

persons against the theory of normal action

at the extrados in stone bridges could not

be applied in this case, so that that theory

may be said to apply more exactly to cast

iron than to stone bridges.

The transition of the theory of stone

bridges to cast iron bridges may be made in

the following manner. Let us consider one

of the vertical prisms forming the bulk of

the bridge, and let us compare its weight

with the weight of this prism. When con-

sidered as solid, we will deduce therefore

the weight of the unity of volume, or the

density of this prism. The first condition

to be fulfilled is the coincidence of the ac-

tual center of gravity of the prism, and of

that of the prism when solid ; the second is

that all the prisms have the same density in

the whole of the construction.

These two conditions are easily filled ; it

would suffice to obtain the figure of the re-

sulting internal space. Let us pass on to

the framing constituting the voussoirs ; their

density would be obtained in the same man-

ner as for the other prisms, and we will obtain

at once the same conditions as regards the

equality of density and the position of the

center of gravity. If the theoretical con-

ditions are to be rigorously carried out,

there would remain to reduce on the intra-

dos, the surface of contact of the voussoirs

on the small space which separates the ac-

tual and imaginary intrados.*

* The theoretical conditions might be realized

without touching the joints, by giving to the arch

a constant thickness, e, which would render the

extrados and intrados perfectly parallel to each

other. For this purpose let w be the weight of

the unity of volume of the voussoirs, as previously

denned, and £>' a variable density, according to

the formula

fi'=a
(
1 +-S7)'

in which p represents the radius of the curve ; the

There remains to be examined the ques-
tion of pressure. In the whole extent of
the structure, considered as filled, the pres-

sures are equal to those produced by a
liquid, the density of which would be equal
to that of the structure, and the upper sur-

face of which would be loaded with a weight
equal to that of the roadway and superstruc-

ture ; consequently, the pressures transmit-

ted by the structure on the vertical sides

which form its boundaries act horizontally,

and the pressures received by the extrados
are normal at its surface. To pass from
these pressures, estimated on the hypothesis

of continuous surfaces, such as those of the

prisms or stone voussoirs, to those which an-

swer to the case of prisms or hollow cast

iron voussoirs, it evidently suffices to multi-

ply the first by the relation of the surfaces

which are in contact with the filled (solid)

system with the corresponding surfaces of

the hollow system.

It is evident that in the cast iron prisms

or voussoirs the only surfaces of contact to

be taken into consideration, are those capa-

ble of effectually transmitting pressures.

(For instance, no notice ought to be taken

of the surfaces of the cross bars used solely

for forming connections in the direction of

the axis of the arch.) The pressures thus

obtained ought not to exceed a previously

determined limit. Let us add that it would
be always possible to render the pressures

constant on each unit of surface—the whole
extent of the arch, because, within large

limits, the surfaces of contact are to be dis-

posed of.

In stone bridges subjected to the condi-

tions of stability we have laid down, if we
have given us the opening of the arches,

and the ordinates of the summit of the in-

trados, and of the springing lines in relation

space of the voussoirs would be got rid of to re-

alize the density w' relatively to each by fixing the

center of gravity at the point determined by the-

ory, and the pressures could nevertheless be calcu-

lated in retaining in the general formula; the quan-

tity w.

In this case the actual intrados would be con-
founded with the imaginary one, of which it would
suffice to consider the co-ordinates.

Preference, it appears, ought, however, not to
be given to this solution ; it is better, in fact, not
to extend the contact of bodies undergoing con-
siderable pressures to the extreme limits of the
flat surfaces of contact. On the other hand, we
are accustomed to see the thickness of arches in-

crease towards the springing line, and the effect

upon the eye is generally pleasing.
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to the horizontal plane which forms the limit

of the surcharge, it will be found that the

section of the intrados is nearly determined,

independently of the thickness of the key-

stone, and the result is all the more exact

when the densities of the materials of the

surcharge and of the arch are the nearer

equal. The whole bulk of the structure

being then sensibly constant, the stability

increases more rapidly than in proportion to

the thickness of the arch, because it would

be in proportion to this thickness if the

mean pressure per unity of surface were

constant, and this mean pressure decreases

in inverse ratio to the thickness of the arch.

As regards stability, it would therefore be

better to increase the thickness of the key-

stone until there would be above it but the

strictly necessary thickness of overcharge.

This is not always done, and the reason is

evident, because the price of a cubic meter

of stone, cut and dressed as voussoirs, ex-

ceeds to an enormous extent that of filling

up materials. In cast iron bridges, where

a similar disproportion does not exist, there

is nothing to prevent the arch from having

the complete thickness demanded by a de-

sign. In the previous reasoning it is sup-

posed that the casual overcharges result

usually in increasing the pressures in the

joints, so that it is to the interest of the en-

gineer to diminish those which show them-

selves in the absence of any overcharge.

When we consider the chances of decrease

in the pressures, such as those which would

result from slight motion of the soil, or

sinking of the piles, one is lead to avoid re-

ducing too low the pressures corresponding

to the normal state of the arch. But if it

be remarked that the casual surcharges are

for cast iron bridges in a greater relation

with the bulk of the structure than for stone

bridges, this circumstance would be a mo-

tive for reducing the normal charges of cast

iron bridges. Besides the connections made
between the framework by bolts, present,

to ward off cases when the casual pressures

would fall a few points below zero, advan-

tages incommensurably superior to those

that could be expected from the cohesion of

the mortar in stone work.

Let us finally add that if, without in-

crease of expenses, it can be so arranged

that the densities of the structure and vous-

soirs, understood as we have before said, be

equal, the calculations to be done will be

sensibly abridged, either directly or by
means of special tables.

A
New Steel-Headed Kail. — The
" Engineer," after pointing out the

various defects of welding steel slabs upon
rail piles, expresses great confidence in the
new (?) process of Mr. E. Gray, of Sheffield,

which it describes and illustrates at length.

The process is simply casting a steel slab

upon an iron pile. The iron pile is heated
and set in an ingot mould, but it does not
fill the ingot mould ; a space, say one to two
inches wide, is left at one side, into which
liquid steel is poured. The steel is ex-
pected to unite perfectly with the iron.

The whole is then rolled into a rail, the
steel surface forming the head.

We do not think this process, as de-

scribed, can be relied upon, but that some
radically new means and apparatus must be
developed for overcoming the many practi-

cal difficulties. Our reason for thinking so

is, that we have tried this plan without con-

stant success—indeed with very uncertain
and variable results. We have heated and
set up in ingot moulds, iron slabs and
blooms for rails, and iron cores for axles.

Liquid steel poured into the mould would
fuse and soundly weld to such parts of the
iron as were clean and very hot. The prac-

tical difficulty is in getting out of a furnace,

and setting up and centering in a mould, a
heavy mass of iron, with such celerity that
the surface shall not become much cooled
and oxydised. Another more serious diffi-

culty occurs in the case of casting a mere
surface of steel upon an iron pile or bloom.
If the iron bloom is made to perfectly fit

the mould on the three sides not to be cov-

ered with steel, it cannot be got into the
mould hot—the operation takes too long.

If the iron bloom does not perfectly fit the
mould, the steel will run all around it in

thin fins, which have not mass enough to

hold their heat and weld uniformly. The
three sides of the resulting ingot, intended
to have iron surfaces, have, in fact, facings

of steel, partly welded and partly chilled

upon the iron. When such an ingot is

rolled it is sure to crack in the flanges, and
to make a rough, bad rail.

We have also made several hundred rails

by setting up heated iron or steel rail ends
in the center of a mould, and casting steel

around them. The mass of liquid steel

being so thick, and the mass of the core

being so small, a good weld generally re-

sulted, but not always, and this uncertainty

led to the abandonment of the process.

The theory of welding steel to iron is ex-
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cellent, and the practice is very satisfactory

when the conditions are properly provided

for. We have seen absolutely perfect welds

made in this way—welds in which no test

could discover the slightest want of continu-

ity of the mass. But the present practical

difficulties must be overcome. The plan

shown in the " Engineer " is not trustwor-

thy ; nor is it new. Dr. Percy describes

the same thing as proposed for the manufac-

ture of tyres. And we have heard that it

was proposed in this country at a much ear-

lier date than our use of it. Here is a fine

field for experiment, and we hope that this

grand principle will be successfully worked
out.

Pulleys for Short Belts.—Messrs.

Grwynne, centrifugal pump makers, of

London, use the arrangement shown in the

cut, for saving space and strain in the use

of short belts. The driven pulley C is

placed close to the driver A, so that the belt

touches but a small portion of its circum-

ference. The belt, therefore, has to be very

tight ; and to relieve the journals from the

great pressure and wear thus imposed, the

pulley B is placed intermediate between the

others. This intermediate pulley is recessed

in the center of its face, so as to bear on the

others at the edges only. The arrangement
is said to work well, and is more fully illus-

trated in "Engineering " of January 22.

Large Hydraulic Testing Machine.
—Messrs. Paulding, Kemble & Co.,

West Point Foundry, are making for L. B.
Boomer, Esq., the eminent bridge builder,

a machine for testing full-sized parts of

bridges—rods, castings, etc.—up to 40 feet

length and 400 tons pressure, either thrust

or pull. The cylinder is 17| in. diameter,

and nine inches thick; the stroke eight in.

The ram is single acting, being brought
back by a rack and pinion. The cylinder

is hung on trunnions—in fact it would be
taken by an artilleryman for a 17^ in. mor-
tar. When pointed in the direction of the

40 ft. bed-plate, it pushes directly upon or

compresses the piece to be tested. To bring

a tensile pull on the piece, the cylinder is

turned away from it, and the power is brought
to bear on it by means of a cross head, cross

tail, or head block, and two side rods. The
side rods are forged from Bessemer steel,

and are four inches square. The cost of the

machine will be about $5,000. Such a ma-
chine, for testing full-sized parts, has long

been wanted in this country. The tests of

little, short specimens, turned down to a

mere wire in the middle, are not accurate,

and the changes of figure are not easily

measured.

team Cultivation.—The success of

steam cultivation was long ago establish-

ed, and to say that steam is cheaper and
better than horses in the field is as trite as

to say the same of it on the railway. It is

no longer a question of steam v. horses, but
of the newest v. the earlier forms of steam
tackle. More powerful engines, of much
better construction, and worked at higher

speeds are now in use, and some of them,

working up to 100 indicated horse power,

are hauling six and even eight-furrow ploughs

in moderately stiff land, or dragging cultiva-

tors from 12 ft. to 15 ft. wide, and that at a

rate of four miles an hour. The money sav-

ing had been proved by many cost sheets,

and as for the work itself, it could be done
in all weathers, done upon land which horses

could not touch, or where they could not

stand, done at a faster pace, the pulveriza-

tion of the soil being as the square of the

speed at which it is knocked to pieces ; and
then there was not a single one of the hoof-

tracks, where horses' feet, like pavior's mauls,

ram the ploughed earth into a hard pan like

a pavement—hoof tracks, of which, with a

full team in heavy ploughing, there may be

as many as 300,000 to the acre.
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THE SUEZ CANAL
AUTHENTIC ACCOUNT OF THE WORKS,
MAINTENANCE, DIFFICULTIES, WORK-
ING, ETC.

Compiled from a letter by Mr. John Fowler to the

London "Times."

Port Said Harbor.—A harbor for the

entrance to the canal has been constructed

at Port Said by running out into the sea two

breakwaters formed by artificial blocks of

stone. These are composed of one part of

hydraulic lime from France, and two parts

of sand obtained on the spot, and are there-

fore really hard mortar. The harbor is

intended to answer the double object of

protecting vessels from heavy seas and of

arresting the alluvium brought down by the

river Nile, so as to prevent its choking

up the channel. The western breakwater

extends from the shore 2,400 yards in a

straight line towards the north, and then

with a slight angle towards the east extends

330 yards further. The eastern breakwater

leaves the shore at the distance of 1,530

yards of the commencement of the western

breakwater, and extends nearly north for a

distance of 2,070 yards, at which point it is

760 yards from the western breakwater, and
this distance constitutes the width of the

entrance. The portion of the harbor afford-

ing shelter to vessels is nearly 500 acres in

extent, and, although the depth of water is

not sufficient for the largest men-of-war, it

is quite sufficient for ordinary merchantmen,
if the present depth be maintained.

Large quantities of alluvium are constantly

brought along the shore from the Nile, and
since the construction of the western break-

water this deposit has changed the line of

the shore, while large quantities have found

their way through the interstices of the arti-

ficial blocks of which the breakwater is com-

posed, into the harbor, and are forming de-

posits there ; it will be found necessary to

make this breakwater solid. It is possible

this outside accretion may require at some
future time a prolongation of the breakwater,

and it may be that northerly winds will occa-

sionally bring sand into the harbor ; but I

do not consider such contingencies to consti-

tute any real objection to the design, or

likely to be formidable in expenditure, con-

sidering the gigantic character and objects

of the whole undertaking.

Divisions and Sections of the Ca-
nal.—The canal may be conveniently di-

vided into the following portions :

Miles.

1. Port Said through Lakes Menzelah and
Balla to near El Ferdam 37

2. From near El Ferdam through the great

excavation of Seuil d'el Guise to Lake
Timsah 9^

3. Through Lake Timsah 5|
4. From Lake Timsah through the excava-

vation of Scuil du Serapeum to the Bit-

ter Lakes *i\

5. Through the Bitter Lakes 23£
6. Through the deep portion of Chalouf Cut-

ting 5
7. Thence to Suez and the end of the canal. 11

Total 99

With minute exceptions the whole of the

canal is now being excavated and completed
according to one or other of the following

sections :

1st. 196 ft. in width at the surface of the

water, and 26 ft. deep for 72 ft. at the bot-

tom. The slopes are two horizontal to one
vertical, with one or more horizontal benches
of 10 ft. in width, according to the depth of

the cutting.

2d. 327 ft. in width at the surface of the

water, and a similar depth of 26 ft. for a

similar width of 72 ft. at the bottom. The
lower part of the excavation is also two hori-

zontal to one vertical, but the slopes above
and below the surface of the water are five

to one, and a horizontal bench of 58 ft. con-

nects the two slopes.

It will be observed in the description of
the second section that the slope at the sur-

face of the water is flat (five to one), and pro-

vision is now being made for protecting this

slope with rough stone pitching, trimming
the upper slopes, and otherwise treating it

as a finished work. This may be safely done,

because the section is so arranged that the

canal may be widened at any subsequent
period without disturbing any of the work
already done. With the first section, how-
ever, the case is different. This section has

been adopted in the deep cuttings to effect

the largest saving possible in the quantity of

excavation, and, therefore, if a future widen-
ing of the canal is required, one or both side

slopes must be thrown back, and a consider-

able portion of the present work interfered

with. As a rule, no stone pitching or other

protection against the wash of passing vas-

sels, or wind, or current, has been provided
for the part of the canal where this section

has been adopted, although the slope at the

surface of the water is two to one.

At each end of the Bitter Lakes careful

provision is now being made by temporary



348 VAN NOSTRAND'S ENGINEERING MAGAZINE.

weirs and sluices at the sides of the canal

for the admission of water into the lakes from

the Mediterranean and Red Seas. This pro-

vision has been calculated with reference to

the time and quantity of water, and a suffi-

cient margin appears to have been given for

possible contingencies.

The Works at Suez.—These consist

chiefly of an entrance channel into the lied

Sea, increasing gradually from 72 ft. in width

at the bottom to 980 ft. of a basin or dock,

and a considerable extent of reclaimed land.

Work Done and to be Done.—The

total quantity of work in cubic meters of ex-

cavation originally required for constructing

the canal according to its present dimensions

and design was as follows

:

Cubic meters.

Total work 78,000,000

Work executed up to Dec. 15, 1868 . . 53,000,000

Leaving still to be executed 25,000,000

The number of men, animals and materials

which were on the ground and available for

the work on the 15th of December, 1868,

was as follows

:

Workmen 8,213

Camels 368

Donkeys 116

Dredging machines 60

Inclined~planes of railways 22

The quantity of work yet remaining is

very large, but taking the progress made
during the last few months, and applying the

same rate for the future, it appears to be

possible that in the absence of some unfore-

seen contingency the canal may be sufficiently

completed for the purposes of traffic during

the present year.

Maintenance of the Canal.—The
question of maintaining the canal and its

harbor of Port Said permanently open for

traffic has excited almost as much profes-

sional and public attention as the construc-

tion itself, and in some minds probably much
greater doubt and difficulty have been felt

on this than on any other point.

The difficulties of maintenance may be

divided as follows

:

1. The Prevention of Nile deposit from chok-

ing up Port Said.

The remedy for the mischief, which may be

said to have commenced and to be now con-

tinuing (and to which we have referred above),

is either to admit the sand to pass through the

breakwater and then depend upon dredging,

or to make the breakwater solid, and encoun-

ter the difficulty, whatever it may be, of its

greater accumulation outside. The rate of
accumulation in the angle formed by the

western breakwater was naturally very rapid

in the commencement, because the area was
small, and the water was impounded in such
a position as to be almost without motion;
but as the new shore formed by the deposit

advances seaward this rate of advance is rap-

idly and constantly decreasing. The time
has not been sufficient to collect adequate
observations by which any law or formula
could be founded to represent the future

rate of the advance, but it is, however, very
clear that many years must elapse before the

line of shore can possibly reach down to the

angle of the breakwater, and it may be that

at or near this point the accretion seaward
will cease altogether ; but the greater proba-

bility is that, although it may have become
small, it is still going on, and the necessity

of extending the western breakwater, at some
future time, further into the sea, is likely to

be required. No apprehension need be en-

tertained as to the channel and harbor being
silted up and destroyed, but at the same
time considerable expense in dredging will

be constantly required.

2. The Impossibility of Preventing the Sa?id

of the Desert Blowing into the Canal in

Quantities totally Unmanageable.

This objection has been felt to be one of

great weight, and when it was considei'ed

generally and without the correction of local

knowledge it appeared to be fatal, because

if the whole or nearly the whole distance

from sea to sea had been through a desert

composed of fine drifting sand it would have
been hopeless to maintain the canal open

;

but, fortunately, the only portions of the

canal which will be liable to be affected by
the sand of the desert to any extent worthy
of consideration are the two excavations on
each side of Lake Timsah—viz : Seuil de

Guise on the north, and Seuil du Serapeum
on the south. Fortunately, a tolerably sat-

isfactory means of ascertaining the annual

amount of drifting sand has been afforded by
an investigation lately made during a period

of twelve months, and the result is that 40,-

000 cubic yards was found to have passed

into Seuil de Gruise, and 270,000 cubic yards

into Seuil du Serapeum. These quantities,

no doubt, are very large, and it is quite pos-

sible that during some years they might be

exceeded, but the company are making pro-

vision to diminish the quantity by trying ex-
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periments with trees and shrubs, so as to

plant the slopes and the ground for some dis-

tance on each side of the canal. It is also

probable that water from the fresh-water

canal will be made available for forming an

extended oasis at and around this portion of

the canal. These operations will be some-

what expensive, although they are doubtless

prudent and desirable, but after every pre-

caution has been taken it will be necessary

to keep one or two powerful dredges in Lake
Timsah to keep the canal clear from drifting

sand.

3. The Difficulty of Protecting the Banks
against the Destructive action of the Wave
caused by passing Vessels.

It will be found necessary to make a

proper and immediate protection of the

slopes by stone pitching above and below the

surface of the water along the whole course

of the canal if the traffic is to be conducted
at a reasonable rate of speed ; the engineers

of the Canal Company have arrived at the

same opinion. This work will no doubt be
executed much more conveniently and eco-

nomically after the canal is opened through-
out, and the large quantity of stone required
can be conveyed without charge ; but, on the

other hand, it will be more difficult to place

the stones below the level of the water, and
probably the slopes may have sustained some
mischief before the work can be done.

4. The Impossibility or Difficulty of Supply-
ing the Abstraction of the waters of the

Bitter Lakes during the Evaporation of
the Summer Months through the Ordinary
Section of the Canal between the Bitter
Lakes and Suez.

The vast extent of the Bitter Lakes (100,-

000 acres in superficial area) when connected
with the tidal Red Sea by the Chalouf exca-

vation, will produce in the summer months,
when the evaporation is* greatest, peculiar

currents and hydraulic phenomena. The
largest daily evaporation or abstraction will

amount to about 250,000,000 cubic feet of
water, and this will be chiefly supplied from
the Red Sea, which is far nearer than the

Mediterranean, and has a tidal range of about
6 ft. in spring tides, and 2 ft. at neap tides,

"while the Mediterranean has a far less tidal

range. The currents which will thus be
created by evaporation and tide will be suffi-

cient to assist or retard navigation, as they
will probably approach, if not exceed, two
miles per hour, but they will scarcely be
strong enough to affect injuriously the bot-

tom or sides of the channel through the Cha-
louf cutting after the proper protection by
stone pitching has been carried out.

It is possible that a strong south wind
may somewhat increase the velocity of this

current by slightly raising the ordinary tide

at Suez, and that lateral absorption, evapo-

ration, and waste round the shores of the

Bitter Lakes into, and through, the sand of

the desert may increase the amount of the

water to be daily sujmlied ; but these dis-

turbing causes will not probably be sufficient

to make any appreciable difference in the

velocity. It would, however, have been de-

sirable, in my opinion, that the canal should

have been originally constructed on enlarged

dimensions between the Bitter Lakes and
the Red Sea, if the resources of the company
had permitted.

Traction Power to be Employed ox
the Canal.—A special committee, or com-
mission, has been engaged for some time in

investigating this question, and has consid-

ered many expedients and suggestions. At
one time it thought that a continuous chain

along the bottom of the canal, similar to that

used for the ferry at Portsmouth, would be

applicable, but it is now understood that

steam vessels (except those with paddle-

wheels) may use their own power, and that

any vessel may be towed through the canal

by steam tugs, the speed to be limited in all

cases, as may be settled hereafter. This is

doubtless the best decision, both for economy
and convenience.

Several important questions suggest them-

selves in the working of the canal, such as

the impossibility of two large vessels passing

each other until the canal is enlarged ; but

this difficulty must be dealt with by regula-

tions very similar to those adopted on a sin-

gle line of railway. If, however, the traffic

should rapidly become very large, it is possi-

ble that several passing places will have to

be provided without waiting for the widening

of the whole canal.

A strong side wind would also be a con-

siderable difficulty, and occasionally it may
be found to be almost impossible to keep a

large vessel from the sides of the canal. In

the Caledonian canal it is well known that

this difficulty is frequently experienced even

with small vessels, but in Egypt very strong

winds from the east and west are not com-

mon, and the difficulty will probably not

amount to more than a simple retardation of

the speed of the vessel, and the necessity of

lowering all masts and rigging capable of
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being lowered, but one or two attendant tug

vessels, when required, can be made avail-

able for the purpose of enabling a vessel to

keep the channel of the canal. Doubtless

many unexpected matters, both of difficulty

and convenience, will develop themselves in

the working of the traffic, but these will be

best dealt with as they arise.

Probability of the Use of the Ca-
nal.—The Suez Canal is so peculiar in

itself and in the manner in which localities

are affected by it, with respect to their mari-

time distances from each other, that it is

almost impossible to foresee the manner and

degree in which it will attract traffic to itself.

It may, however, be assumed with tolerable

safety that, provided the canal be maintained

in full depth and efficiency, and the charges

made for its use are not unreasonable, the

steam passenger and mail traffic now carried

on between Europe and India will chiefly

pass through the canal. It may with equal

safet}^ be assumed that sailing vessels, which

would not only require steam tugs through

the canal, but also down the Red Sea, will

not use the canal. A certain amount of local

traffic between the Mediterranean and Red
Sea ports will no doubt use the canal.

The great element of uncertainty, and one

on which the commercial suceess of the Suez

Canal will chiefly depend, is whether new
sailing vessels, with adequate auxiliary steam

power, specially adapted to the canal and the

Red Sea, will be constructed, so as to divert

the large traffic now being carried around

the Cape. I think enterprising firms will

try this experiment, and if successful, the

Suez Canal will secure a great position both

for usefulness and profit.

ENGINEERING IN SPAIN.

FOREIGN CAPITAL AND TALENT— BAD
RAILWAY MANAGEMENT.

From "The Engineer."

No country owes so much to foreign labor,

foreign science, and foreign capital as Spain.

Indeed, it is wonderful that English, French,

Belgians, and Hebrews, should have done as

they have done for a country where the pe-

culiar nature of the soil and the eccentric

character of the inhabitants must have pre-

sented difficulties at every step. The credit

of having introduced the railway system into

Spain is divided between an English engi-

neer, Mr. Vignoles, a Jewish banker, Mr. T.

Pereire, and the late M. Perdonnet. The lat-

ter, by the way, made a serious mistake, when
he said, " Railways will change the aspect of

that counti-y." They have no more altered

the customs of the Spaniards than the recent

revolution has altered the state of the ""Cami-

nos de Hierro." As to the construction of

railways, and their subsequent repairs and
management, the Spaniards have had very

little to do with them. The lines were sur-

veyed by foreigners for a good reason,

namely, that very few Spaniards are suffi-

ciently acquainted with the exact sciences

to make a correct plan or to level a trial

line.* The rails, turntables, switches, &c,
were supplied by English or Belgian iron-

works. The rolling stock was supplied partly

by English, partly by Belgian and French
builders. Several Belgian firms are said to

have supplied rolling and permanent stock

to Spanish railway companies on condition

of taking part payment in shares or bonds, a

transaction which has proved ruinous to them,

notwithstanding the government guarantee.

The working of railways has been left as

much as possible, for obvious reasons, in the

hands of the native functionaries. Gentle-

men of this class are as numerous and as

zealous in Spain as they are now in France,

or as they were twenty years ago in Austria.

Railways under official management are

easily recognized. Mail trains arriving at

Madrid five or six hours behind time ;t ex-

press trains carrying cattle and metals, as

we have ourselves seen on the "Norte";-
passengers turned out of their trains at night,

and obliged to wait two or three hours in

the open air, without refreshment or shelter;

trains starting before the advertised time of

departure. Such is Spanish management.
And these irregularities are so frequent that

they have become regular, punctuality being

the exception. Native passengers do not

complain as often as might be expected, be-

cause they are, as*yet, not sufficiently ac-

quainted with railways to know what they

should be, and what services they might
render under proper management. Wher-
ever a large foreign staff is employed—as on

the Ciudad-Real and Badajoz line—punctu-

ality and even comfort may be expected.

—

The labor supplied to Spanish railway com-

* This is certainly not true of the same race in

Cuba. The study of engineering is very largely and
thoroughly pursued by Cubans, in our scientific schools,

especially in the oldest if not the best of our engi-

neering schools—the Rensselaer Polytechnic Insti-

tute.—Ed. V. N.'s Mag.

f This frequently occurs on the southern lines.
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panies is divided between English platelay-

ers, French fitters, Piedmontese under-

ground excavators, Belgian openwork ex-

cavators, and Spaniards, who excel in no

particular trade.

Spain possesses a very rugged and barren

soil, but the mines of the Peninsula are

very rich; and some of the richest are, by a

sort of natural compensation, in the most

barren districts. Coal, iron, copper, and

lead ores are very abundant. Santander

exports large quantities of " red ore " to the

Welsh iron districts. The colliery (Cuenca)

of Belmez, situate in the Sierra Morena, be-

tween Castuera and Cordova, appears likely

to prove very rich. We believe that all the

coal consumed by the "traction" of the

Ciudad-Real and Badajoz line is supplied

from this mine, though it has not been work-

ed long. The Cuenca of Belmez was sur-

veyed by French engineers some years ago.

It is now conceded, together with the Bada-
joz line, to a French company (Fines-Lille.)

The oldest mine in Spain in probably that

of Almaden (mercury) ; that is worked, we
believe, by Spaniards. Almost all the others

are surveyed and managed by foreign com-
panies, foreign engineers, and foreign work
men. The mines of Thelva, Tarsis, Bio
Tinto (copper), and Alcances (tin), were sur-

veyed and claimed by a French engineer

—

M. Ernest Deligny—and put into working
order by a French capitalist—the Due de

Caze. Huelva is now in the hands of an
English company.
The harbors of Spain have not given much

employment to foreigners. The big moles

of Tarragona, Barcelona, and Cadiz, were
made entirely, we believe, without foreign

assistance, and paid for by the State. But the

canals have required foreign engineering

talent and foreign capital. Thus Spain is

indebted to foreign nations for her mines,

railways and canals. She is also deeply in-

debted to them for money, the Spanish gov-

ernment having frequently issued loans,

which have been subscribed in a great mea-
sure by English capitalists. Three coun-

tries especially—England, France and Bel-

gium—have assisted Spain in such a man-
ner as to give substantial proofs of their

goodwill towards the Spanish nation, and of

their confidence in the traditional honor of

the Spaniards. Unfortunately the late gov-

ernment have destroyed that confidence and
repudiated their engagements with such
coolness as to induce a suspicion that they

never intended to fulfil them. We may

reasonably hope that the present govern-
ment has better intentions and a more hon-
orable character; but it will be a hard task

for the provisional or any other administra-

tion to restore the national credit.

CONVERTING COCOA-NUT HUSKS INTO
Fibre.—The "Mechanics' Magazine"

thus describes the process : The shell or

outer covering of the nut is first soaked in

a tank of water kept warm by steam. When
sufficiently soaked, the shells are conveyed
to a hopper, through which they are fed to

a crushing mill, which consists of two
coarsely-fluted rollers, between which the

shells pass and are crushed. They are re-

moved thence to the fibre mills. Here the

shells are drawn in between two rollers, be-

hind which are arrangements for tearing

away the finer fibre and leaving the coarser

in the hands of the operator, who presents

first one and then the other half of the shell

to the action of the mill. The coarse fibre

is then carried away and prepared for con-

version into brushes and brooms.- The finer

portions of the fibre are removed from the

mill, and undergo a process of final dressing.

This is effected by feeding them through a

hopper into a circular screen, in which an
Archimedean screw rapidly revolves. The
fine fibre is delivered at the mouth of the

screen, whilst the dust and smaller particles

of fibre are carried through the sieve. The
fibre thus produced is used for making mats
and matting; the sittings find a ready sale

with florists and market gardeners for man-
ure. The sweepings and refuse are collect-

ed and burned under the boilers.

ENGINEERS AND ARCHITECTS.—The kind

of tacit estrangement which now exists

between architecture and engineering, im-

perils public interests, and results in the

abuse of popular taste. The engineer can

no more afford to work without the architect

on his great works than the architect in

similar case can dispense with the engineer.

In the one case we are threatened with mere

size and solidity, without sightliness ; and in

the other, with works which promise an an-

tiquarian rather than a true artistic interest

as productions of our own day ; while the

art of the architect threatens to fail in its

highest aim—the elevation of public taste

and the excitement of popular sympathy

—

because it refuses to bend to the wants and

discoveries of the time.
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It is in no sense derogatory to the pres-

tige and honor of either profession that the

public should long to see the divorce between
them annulled. Each has its special excel-

lence and its special province ; we only de-

sire to insist that the intellect of both is

essential to great and lasting successes in

our public structures of every class. Life

is far too short in our day, the competitive

principle too active, and the exigeant de-

mand for speedy execution of our work too

pressing, to allow of any one man achieving

high excellence in the character of architect

and engineer at once, as we now understand
the high functions of the two professions.

Your modern engineer can as little be ex-

pected to design a town hall or a cathedral

up to any noble mark, as your architect can
be asked to construct a suspension bridge or

a railway station on a grand scale. There
may be, and have been, here and there, emi-

nent instances of men gifted with the rare

combination of engineering and architectural

talent ; but they are so scarce and so far be-

tween as not to affect our argument. How
many architects, for example, are there

among us to-day, who could, de novo, and
without existing models, at once design and
construct a Westminster Abbey or a St.

Paul's Cathedral ? Similarly, it may be

asked, where is the engineer who could con-

struct and design them ? The architect may
be able to design, and the engineer to con-

struct works of such a mark, but it is idle

ever again to expect that either can do both
unaided by the other.

—

The Architect.

PERMANENT WAY OF THE PENNSYLVA-
NIA Eailroad.—It is highly gratify-

ing on many grounds—comfort, security and
engineering fitness — to strike the new
permanent way of the Pennsylvania rail-

road, after rattling over the tracks of vari-

ous roads farther east. The smoothness,
the apparent absence of joints, the sailing

motion, in comparison with the hard gallop

of wheels over unfastened rail ends, is even
better than English railway riding, because
of the lateral and vertical articulation of

American cars. The steel rails of this line,

now in use and coming into use as fast as

the Pennsylvania Steel Works can turn

them out, are four and one-half inches high,

four inches wide on the flange, and weigh 67
tbs. per yard. This height gives room for a

thoroughly good fish-joint. The sleepers are

two and one-half feet apart centers, laid on

good ballast—generally blast-furnace cinder,

RIVER FLOODS.

LACK OF PREVENTION—DESTRUCTIVE EF-
FECTS ON PROPERTY, HEALTH, SEWAGE
AND DRAINAGE.

In this country, perhaps less than in Eng-
land, annual sufferers by flood take marvel-

ously little pains to keep their property and
dwellings out of reach of inundations, and
still less to change the beds of streams and
the defences of banks to avoid their destruc-

tive effects. The following considerations

on the subject are from " The Engineer :

"

Once a year at least, and frequently oftener,

inundated lands and submerged fields testify-

to the total absence of restraint imposed
upon our rivers and streams, and the fury

with which they exercise their uncontrolled

depredations. Bearing in mind the patient

passiveness and apathy that mark the con-

duct of the owners and occupiers under
these annual inflictions, one might almost be

inclined to believe that, instead of ruin and
devastation constituting their invariable at-

tendants, they were accompanied with the

same advantages that follow the periodical

inundations of the fertilizing Nile. Not only

are the overflowing waters permitted to ex-

tend their ravages over outlaying districts

and the open country, but there are very

few towns where any provision is made to

cheek the progress of floods and arrest the

violence of the torrent. It is only the other

day that Manchester finally decided, when
driven to extremities, that something must
be done in the matter, and has undertaken
the construction of the necessary works,

under the advice and superintendence of one

of our most eminent hydraulic engineers.

—

If— in the case of towns— precautionary

measures are adopted only after so much
hesitation, procrastination and uncertainty,

it is difficult to predict the period at which,

the evils resulting from floods in the open
country will undergo any permanent abate-

j

ment. The embankment of a river for that

portion of its course running through a town
improves the river itself, and a handsome
wall adds to the appearance of a cily. But
beyond this no good is effected- Above and
below the wall-bound stream the waters re-

main in their state of original liberty, evey

ready, upon the first addition they may re-

ceive to their turbid contents, to break out

into open rebellion. It is even questionable

whether the penning up, as is were, of the

contents of the swollen channel, does not in-

crease the violence of those portions of the
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stream unconfined by the granite boundaries.

That the improvement—whether it consists

of widening, narrowing, strengthening, or

deepening the river— is confined altogether

to the small portion affected, there can be

no doubt. It is apparently incredible that

we, who, in the nineteenth century, have

rendered all the powers of nature obedient

to our will and subservient to our interests

—we who have made the opposite elements

of fire and water administer to our comforts

and contribute to our welfare—should per-

mit our rivers and streams to range at large

unchecked and unrestrained, and annually

to commit ravages costing thousands to re-

pair.

It is not our province to inquire into the

reasons why houses come to exist in such

close contiguity to rivers notorious for inun-

dations, or why people elect to reside in

abodes, which are reared upon so fearful

a source of sickness and death as damp foun-

dations. It has been lately advocated by a

well-known authority, that every dwelling

house should stand upon its own area of con-

crete or other waterproof substratum. The
mere insertion of a course of slates, a layer

of asphalt, or a coat of cement above the

footing course, is not sufficient to endow a

house with immunity from those evils which
directly result from too close a communica-
tion with a damp soil. Unquestionably the

true principle is that which would require

the whole of the area, upon which the build-

ing is raised, to be overlaid with a water-

proof layer ; and we trust that we shall ulti-

mately witness the enforcement of this pro-

viso, by the authorities charged with the

supervision of the erection of new buildings.

There is another light in which to view the

evil results springing from the wholesale inun-

dation of arable and fertile laud,which materi-

ally affects the great question of sewage irriga-

tion. It is often urged that it would be im-

possible to apply sewage to lands that are

particularly well situated with regard to

levels, and in other respects admirably
adapted for its reception, owing to the great

quantity of water existing in and about them.
The agriculturist exclaims, " We have more
water than we know what to do with, and
you want to send us a still larger supply !"

This brings us to a consideration of another
feature in connection with the utilization of

sewage, which is not regarded with the at-

tention it deserves. It is the question of
drainage. Lands subject to periodical flood-

ngs must necessarily present greater obsta-

Vol. I—No. 4.-25.

cles to the carrying out an efficient system
of drainage, than others more favorably locat-

ed. One of the first steps taken at Barking
was thoroughly to drain the subsoil ; and,

in fact, this operation was carried out to a

greater extent than was absolutely requir-

ed, as experience subsequently demonstrat-
ed. In an instance of the nature alluded to,

it will, nevertheless, be admitted that it wa3
better to err upon the safe side. A work of

supererogation was infinitely preferable to

the fault of omission. If a farmer will not

go to the expense of draining his land and
putting it in proper order to benefit by the

application of sewage, he cannot in common
fairness, allege that the non-utilization of

that fertilizing medium is due to a self- in-

herent defect. Moreover, supposing that

all the lands subject to inundation were pro-

perly drained, yet the overflowing of the

natural water-courses would, for a time at

least, effectually prevent the application of

sewage. From the statements already made,
it is manifest that by the annual outbreaks

of our rivers and streams, many thousands

of acres are either permanently or tempora-
rily prohibited from benefiting by the appli-

cation of sewage. What constitutes a further

aggravation of the evil is that these very

lands—from their physical features and nat-

ural position—are calculated to receive the

sewage by the readiest and cheapest method
possible, namely, that of gravitation. We
could point out instances where land situa-

ted along the banks of the Medway, and,

in every sense well adapted for the utiliza-

tion of sewage, cannot be so employed in

consequence of the floods to which it is con-

stantly subjected

It would scarcely be reasonable to urge

that all rivers should be prevented from tres^

passing beyond the limits of their natural

channels, by the erection of heavy walls

similar to those constituting part of the

Thames embankment. At the same time,

there is not the slightest doubt but that in

numerous instances, especially in those local-

ities where labor and materials could be

procured comparatively cheaply, it would

pay, in the long run, to construct a sound

strong wall, instead of the stereotyped bank

with its central core of puddle and inner and

outer slopes. Only those who have had the

care of these banks are acquainted with the

watching they require, amounting at times

to a regular patrolling. They are a con-

tinual source of anxiety and annoyance t©

the proprietors of the lands protected by
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their ambiguous influence, and a never-end-

ing cause of expenditure.

There is no question but that the tortuous

course of some rivers, the multiplicity of

twists and abrupt bends, mainly contribute

to the occurrence of floods. It is in the

"elbows" that the marshes and swamps
principally exist. If we imagine a rapid

torrent coming down a straight reach, and on

a sudden encountering an abrupt bend,

nearly at right angles with its previous

course, the volume of water cannot adapt it-

self to the sharp sinuosity, but overleaps the

bank, floods the land situated in the concave

part of the "elbow," and whatever is left of

it falls into the channel beyond the bend.

—

Were more attention paid to impi'oving the

course of our rivers and the cross section of

their channels, the work of the banks would
be considerably lightened. As it is, they

have not merely their legitimate duty to

perform as confining or retaining walls, but

in the majority of instances they have to

withstand a pressure and violence which
ought never to be brought upon them, which is

due to the crooked character of the river's

course. Floods are due, not so much to the

gradual rising and swelling of the waters so

as to uniformly overflow the banks, as to the

fact that they accumulate with a rapidity

exceeding that with which they are able to

get away. Owing to the impediments in

their course they become piled up, as it

were, at certain points, to a height far ex-

ceeding that of their confining banks, while

at others their level is scarcely perceptibly

altered. If a little more money were spent

in widening, straightening, and deepening

the defective portions of our rivers and
streams, we should hear less of banks being

breached, meadows flooded, and towns inun-

dated.

COAST DEFENCES.
From a lecture by Col. Jervois, before the Royal In-

stitution.

Coast defences in Anglo-Saxon times con-

sisted, in the main, of predatory incursions

and plundering expeditions. The progress

of civilization has introduced better usages
into the practice of modern war; but if

it had not, the length of our coasts is far

too great, and the accessible points far too

numerous, to render it possible to fortify

them all. When we speak, therefore, in the

present day, of our coast defences, we must
not be understood to advocate a vain attempt
to secure by defensive works every vulner-

able point, but to provide for the protection

of our national dockyards and arsenals, and
of our main commercial ports.

For the general defence of a vast empire

we must first of all, and mainly, depend
upon our fleet. It is to the fleet we must
look for our first line of defence against in-

vasion, to maintain our communications

with our foreign possessions, and to protect

our commerce at home and abroad. But
the bases on which our naval power must
rest are the ports, dockyards, and arsenals,

in which our fleets and squadrons are har-

bored, coaled, and refitted. Thus we have

naval establishments at Portsmouth, Ply-

mouth, Chatham and Pembroke, at home;
at Bermuda, Malta, Gibraltar, and other

places abroad.

These places are the roots from which our

naval power springs, and they require spe-

cial protection against attacks that may be

made upon them during the absence of the

fleet, either by hostile naval forces alone, or

by combined naval and military expeditions.

Even if it were possible that a fleet suffi-

cient to fulfill all these duties could be

maintained, such an application of the re-

sources of the nation would lead to an ex-

penditure of public money, far exceeding

that which would suffice for the defence of

the country with the aid of other means.

Further, if the several sections of our navy

were employed for the protection of the ar-

senals whence they are maintained, we
should be using the fleet to maintain the

dockyards, instead of the dockyards to

maintain the fleet.

The means by which these places should

be defended are by big guns above water

;

big mines below water, placed at proper dis-

tances in advance of the object to be de-

fended. It used to be the fashion amongst
professional men in this country to consider

this latter mode of defence as being incapa-

ble of practical application, but of late years

a very different opinion has prevailed ; and
through the efforts of Lord De Grey's commit-

tee we are now in a position to apply this sys-

tem of defence to any extent that may be re-

quired for the protection of our harbors and
other points upon our coasts. The question

then arises, how far, if at all, does the use of

the submarine mines affect the employment
of forts and batteries for defence against

naval attack. Forts and batteries are still

required in all important cases to cover the

torpedoes, and prevent their being tampered

with. It must also be remembered that
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whilst the submarine mine is harmless un-

less the ship comes near it, the shot from the

battery can injure the ship, whatever may
be her position, within effective range.

Further, although probably our harbors

might be efficiently obstructed by torpedoes

at from seven to fourteen days' notice, yet

one condition is that the weather should be

sufficiently favorable to allow them to be

exactly laid. There are, again, certain po-

sitions where, even if the torpedoes were
laid, they might be disturbed by a violent

storm, and possibly an attack on the posi-

tions in which they were to serve might take

place before they could be renewed ; and
although the periods of the year at which
these difficulties might arise are short, yet
the bare possibility of interference in the

application of a complete torpedo system
prevents our placing entire reliance on such

a defence for the protection of places on
which the warlike power of the nation, both
for offence and defence, must in a great

measure depend. Therefore, although sub-

marine mines are a most important element
in the defence of our hai'bors and coasts,

and add greatly to the power of our forts to

resist a naval attack, they must not be re-

garded as substitutes for permanent works
of defence at our naval arsenals and har-

bors, and of our important forts.

To proceed now to consider the employ-
ment of big guns above water. These, with
all the numerous accessories for their ser-

vice, must be placed in positions so pro-

tected and arranged as to give them a de-

cided superiority over the artillery of assail-

ing ships. The question then arises,

whether they shall be placed afloat in

strongly protected vessels

—

i. e., in floating

batteries—or at fixed points either on land
or on shoals

—

i. e.. in forts. It is often said,

" Why don't you protect your ports by float-

ing batteries alone?'' The same reasons,

however, as have been before adduced
against the employment of our sea-going

navy, prevent our employing special floating

batteries for this object. It would necessi-

tate our maintaining, at each of our chief

ports, a naval squadron sufficiently powerful
to resist the attack of superior forces of the

enemy.

In the construction of coast batteries two
main points have to be attended to : 1. To
give cover to the guns and gunners. 2. To
develop, as far as possible, the lateral range
and rapidity of fire of the guns. These
two principles being somewhat antagonistic,

has so far always been one of those diffi-

culties to be reconciled, and it is to the fluc-

tuation in the relative importance of cover

or fire, of protection for offensive power,

that different designs for coast batteries are

due. The simplest form of battery is a

mass of material in front of the guns, and
either of earth, masonry, or concrete, ac-

cording to the circumstances of the site. It

is evident that the greatest extent of range

may be obtained from the guns if they are

so mounted as to fire over this parapet—or,

as it is called, en barbette—for their field of

view is entirely unobstructed, and this sim-

ple system is well adapted for sites at con-

siderable elevation, say 100 feet above the

water, where neither the guns nor gunners
would be much exposed to the fire of a hos-

tile vessel. When, however, the site is low,

the enemy's view of the guns in a barbette

battery would be such that he would easily

silence the battery ; and it has therefore

been necessary in such situations to mount
the guns so that they may be fired through

openings or embrasures cut in the parapets,

instead of firing them over the parapet.

The Moncrieff gun-carriage has solved many
of these difficulties ; but armored and cov-

ered defences are, nevertheless, essential

under many circumstances, so that the fort

might be protected properly from every

species of attack.

The question of the defence of our great

naval arsenals, in the event of an enemy
obtaining a footing on our shores, was next

discussed. It would, to say the least, be

very unwise if we were to conclude that in-

vasion is impossible because it is difficult.

The best disciplined and the greater part of

our military forces must obviously be em-
ployed to cover the capital ; we must, there-

fore, arrange our plan of defence so that as

few disciplined troops as possible may be

necessary for the defence of other points in the

country which must be defended, but which
cannot be covered by the operations of the

main army. A mistake is commonly made
that because the arsenals and yards referred

to are extensively fortified, the garrisons of

those places must be largely increased. The
case is precisely the reverse. Supposing

all the outer line of forts to landward, at

either Portsmouth or Plymouth, to be fully

manned at the same time, (which would be

quite unnecessary, not more than one-half

need be fully manned at the same time.)

only between 6,000 and 7,000 men would

be required for the purpose at each place
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respectively, and only a very small portion

of these need he regular troops. The re-

mainder of the garrisons would consist of a

movable force, which in any case we must

tave for the defence of these places, but

which, in the absence of the forts, must be

of sufficient strength and sufficiently disci-

plined to meet the enemy in the open field,

whilst with the forts it may be comparative-

ly small in number, and only disciplined to

take up a fighting position, under the sup-

port of the works at that part of the forti-

fied line assailed. Unfortified, an enemy
would only have to detach from the main

invading army about 15,000 or 20,000 men
to effect, in a few days, the destruction of

all our ships and naval establishments at

Portsmouth. Fortified, he must employ an

army of at least three times that number,

and must have a considerable time at his dis-

posal to undertake a regular siege. Unfor-

tified, no force that, in the case referred to,

we could afford for the garrisons of these

places could protect either against the attack

of 15,000 regular troops. Fortified, there

is no difficulty in providing the numbers and

description of troops that would be capable

of making a good defence of these nurseries

of the navy. Unfortified, they at once fall

if an enemy were to obtain a decisive vic-

tory over the army in the field. Fortified,

they remain in our hands even under such

untoward circumstances, and thus enable us

to avert the destruction of our naval power

at a period when all the resources of the

country will be required to enable us to re-

trieve the position we had temporarily lost.

We are often told that these works are

unproductive, and so, in one sense, they are;

but who shall say what effect permanent
measures of defence may have upon the po-

sition of a nation. But we are met with

other objections. It is commonly said that

there is no use in constructing permanent
fortifications, because the inventions of one

age render useless the efforts of the previous

generation. History, however, does not

support this statement. At this moment we
are turning to account, and with good effect,

works erected by Henry VIII, more than

three centuries ago. In like manner the

works constructed in the time of Charles II,

and in the reigns of G-eorge II and George
III, all more or less form parts of the sys-

tem of fortifications we are adopting at the

present day. Then we are told that the

measures are so extravagant. The fact,

however is, that by the aid of fortifications

we are enabled to defend the empire with

fewer troops and a smaller navy than would
otherwise be necessary, and that they thus

tend greatly to economy. If we are to

make provision for defence at all, it is only

by the aid of fortifications that we can have
an economical system of defence. They
say, then, that our fortifications "lock up"
troops. It has been shown, on the contrary,

they enable us to utilize our auxiliary forces,

and to set the regular army free. Again,

we are told that we ought to depend upon
our navy ; but the main purpose of the for-

tifications is to enable the navy to do its

duty effectively. The navy is, without

doubt, the arm on which we must mainly
depend ; but that is no reason why we
should tie it down to our side. Lastly,

they say " an enemy will not go near these

fortifications." The reply is, that that is

the very object for which they are provider1
.

To sum up, the truth is, that to provide an
efficient system of defence at the least cost

to the state, the soldier, the sailor, and the

military engineer, must each occupy his

proper place. The navy and the army are

the vital principle of defence, and fortified

arsenals and harbors are the centers of re-

fuge and action for both. Take away fortir

fications, and you are unable to turn your
auxiliary forces to proper account

;
you

leave an army utterly insufficient for the

duties it has to perform—a navy scattered,

unsupported, and with no protected home.

DURABILITY OF STEEL RAILS.

It is officially stated that out of the

eleven thousand tons of steel rails in use on the

Hudson River Railway—some of which have
been down over three years—only eleven

rails had broken up to January 1, 1869.

—

One broken rail to the thousand tons, is

rather a different matter from a thousand

broken rails a month, which was the break-

age of iron rails on the Erie road last winter.;

On the Erie road it is officially stated

that only ten steel rails have broken out of the

eight thousand tons in use. Some thousand

tons of the above mentioned steel rails were

made at Troy—the rest are of English man-
ufacture. The success of steel rails on the

Lehigh Valley road is mentioned in another

article.

The following letters from the President

of the Philadelphia, Wilmington and Balti-

more Railway give a complete history of the

trial and use of steel rails on that road

:
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TV. & B. R. R. Co.
Philadelpi

., President's Office, )

:>hia, Dec. 16, 1868. $

Edward Austin, Esq., Boston:

Dear Sir—Your letter of the 15th inst. is

before me. This company commenced the

use of steel rails made at the Atlas Works,

Sheffield, England, by John Brown & Co.,

in August, 1864. At present we have laid

and have in use upon the most trying por-

tions of our line, about twenty-five miles of

single track of same make. We have never

broken one in use, nor taken up one on ac-

count of wear or defect. In the middle of

a much used portion of track laid with steel

in 1864, near Philadelphia station, we laid

one rail of American iron, and have replac-

ed it, as needed, by other rails of American
iron, until we have used up sixteen iron

rails, while the steel will wear for several

years yet. My last information as to condi-

tion of track, shows that not one steel rail

in twenty-five miles of track shows any im-

perfection or defect, but all are wearing

truly and smoothly. No observant passen-

ger will fail to detect the passage of a train

from steel to iron, and vice versa. I can-

not speak of makes other than Brown's, nor

do we fail to inspect his rigidly. I have

rejected 88 tons from an invoice of 600 tons.

Mr. Joy's* failures may have been of other

manufacture. They may not have been

well inspected ; they may have been punch-

ed or slotted, or any one of many other good
reasons may be adduced for their failure.

—

But my experience is enough for me. On a

road like this, where our iron does not last

seven years on an average, true economy, as

regards the rail expenditure alone, demands
steel rails. The reasons which limit our

purchase of steel to about 50 per cent of our

renewals, are found in our poverty alone.

We were long since led by our experi-

ments to the conviction that punching and

slotting were very injurious to steel rails,

and for two years we drilled them as the

lesser injury. We now use a joint fasten-

ing which dispenses with all holes in the

rails.! My last purchases of Atlas rails

were at $100 gold, in Philadelphia, to be

delivered in 1869, and of Welsh iron rails,

guaranteed five years, at $83 currency in

Philadelphia. I have also received 100 tons

Barrow steel on trial, and have a contract

for 500 tons Pennsylvania Steel Company's
rails. We have also in use 500 tons steel

headed rails made in Pennsylvania,* costing

$113 currency, which promise well. I am
offered steel rails of other makers at $92
gold in Philadelphia, but have completed
our purchases of iron and steel rails for

1869.

The freedom from a defect in a track
means also diminution of cost of repairs of

locomotives and rolling stock, and enhanced
safety of passengers. If we go on laying

ten to fifteen miles per annum in steel, you
will ere long see that our expenses for track

repairs and in our shops, will be reduced
considerably. While we are buying steel

rails and charging their cost to "repairs,"
that account must be large. * * *

Very truly yours,

(Signed) ISAAC HINCKLEY.

P. TV. & B. R. R. Co., President's Office,
{

Philadelphia, Dec. 22, 1868. $

Edward Austin, Esq., Boston:

Dear Sir—I have yours of the 18th. The
first steel rail imported has already worn out
sixteen (16) iron rails, and we have not now
any reason to suppose that the latter invoices

are of inferior quality. But there is great
fear on my part, that railroad companies
will themselves tempt steelmakers to send a
poor article, by buying the cheapest—first

cost only considered—as they did with the
ironmasters. It rests with railroad men to

keep steel rails good by buying no poor
ones.

We try steel with the chisel for hardness,

with the trip-hammer for toughness, and for

strength with the 2,240 lb. drop, fifteen feet,

the rail resting on supports three feet apart.

Rigid inspection only can save us. Having
passed inspection, make no holes, or at all

events, no punched holes in the rails.

—

Punching is bad enough for iron, but death
to steel.

We, on Friday last, dropped our 2,240 lb.

"tup" twenty (20) feet, upon a steel rail

resting on supports three feet apart. The
rail was merely bent. I have in my office a
steel rail twisted, cold, into a regular spiral

of one entire turn to two feet length, with-

out crack or flaw.t

Very truly yours,

(Signed) ISAAC HINCKLEY.

* Michigan Central Railroad.

t Reeves' new Joint.—Ed. V. N.'s Ma<:

* Waterman & Beaver's puddled steel heads.

—

Ed.
V. N.'s Mag.

f We have twisted rails made by the Pennsylvania
Steel Company, and by John A. Griswold <fc Co., as
here stated.

—

Ed. V. N.'s Magazine.
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HISTORY OF DECARBURIZING IRON.*

No. II.

HEATING THE IRON TO BE MELTED, BY THE
WASTE HEAT OP THE MELTING FURNACE
—CAST IRON FURNACE FLOORS—HEAT-
ING BOILERS BY THE WASTE HEAT OF
FURNACES.

Gardiner, Robert. — 1788, June 5.

No. 1,608.

Primed, 3d.

Manufacturing iron and other metals by a pro-

gressively multiplying air furnace. A series of

compartments connected by flues from the multi-

plying furnace, and the flame and heat pass from
one to the other. Each has a separate door, the

further compartment being less hot than the more
near; the first may be at a welding, the second at a

red heat, and the third at a less heat, or if required,

may be raised to a greater heat by adding another

and separate fire communicating with the common
flue. The waste of putting cold iron into the melt-

ing furnace is avoided, as it may be heated by the

waste heat in the extra compartments ready for

use.

Cast iron floors for the furnaces save the wear of

the old sand floors.

Steam boilers may be heated by passing the waste

flame and heat from the furnaces, round, under or

through them.

Note.— The patent does not specify using the

waste heat of puddlingfurnaces, but it covers such

use, in as far as a puddlingfurnace is and must be

a melting furnace. Jones specifies using the waste

heat of puddling furnaces in 1822. (See p. 359.)

This patent is only four years after Corl's inven-

tion of puddling. It mentions iron furnace floors

for the first time.

It is remarkable in specifying, 81 years ago, the

heating of boilers by waste heat—a thing which is

claimed by several modern mill managers.

OXIDE OP MANGANESE USED IN THE CON-
VERSION OF PIG INTO MALLEABLE IRON.

Reynolds, William.—1799. Decem-
ber 6. No. 2,363.

Primed, 3d.

"Preparing iron for the conversion thereof into

steel." The invention consists in the employment
of oxide of manganese, or manganese, in the con-

* We omit several patents clearly and fully antici-

pated in previous specifications. The specifications

referred to are printed and generally illustrated with
plates. We append the price to each. They may
generally be obtained from the Patent Office in Lon-
don, through any American publisher. Editions are

sometimes out of print for a few months, but new
editions are issued from time to time. Those referred

to in our former article are all printed. The price is

3d. each, except Onions', which is 7d. All the Brit-

ish specifications and engravings aro on file and free

to inspection at the Astor Library in New York and at

several other libraries.

version of pig iron into malleable iron or steel. No
proportions or details are given.

Note.— This is the first mention of manganese
in the Putent Office records of the iron manufacture.

THE SQUEEZER.

Hartop, John.— 1805. November 7.

No. 2,888.
Printed, 3d.

"Method of preparing malleable iron, &c." The
invention consists in the use of a kind of squeezer
worked by a cam instead of a forge hammer or
rollers.

Note.—This is the first mention of the squeezer
in the patent records.

INTRODUCING AIR BLAST ABOVE THE
GRATE.

Dimmack, Jeremiah.—1812. May 26.

No. 3,569.
Printed, 3d.

"Manufacturing iron in its difficult stages or
forms of blooms, slabs, piles, bars,'' &c, "or other
malleable iron from pigs or plate iron in a puddling,
balling, bloom, mill, sheet iron furnace, or any other
air furnace," &c. " Take any furnace of the com-
mon construction," but the grates must not be large,

and "less at one end than the other." "Level
with and immediately above the top of the grate,"
introduce an iron blast pipe, with stopcock to regu-
late and shut off the blast, and put dampers in the
chimney.

Note'.—Although referring, among other things,

to the manufacture of malleable iron from pigs in

a puddling furnace, this practice, as far as it sup-
plies air above the fire, would not meet the modern
idea of puddling, viz : decarburizing by means of
the fettling, without the aid of air. (See Siemens
on Puddling. Van Nostrand's Mag., Vol. I. No. 1.

page 37.) Blowing in air above the fire in rever-

beratory heating furnaces is, however, practised in

some of our best modern forges, especially for hiat-

ing large inasses. This patent at least hints at this

practice.

IRON ORE, SCALES, LIME, ETC., USED TO
DECARBURIZE PIG IRON.

Mushet, David.—1815. July 27. No.
3,941.

Printed, 4d

The metallic contents of refuse, such as slag,

scoria, cinder, scales, &c, are recovered and made
available for producing " finers' iron or metal " in a
furnace, called "a smelting finery," by "making
use of the superfluous carbon" in pig iron, which
is to be melted with the refuse in the following pro-
portions : 300 or 400 lbs. of coke, 600 lbs. of pig

iron (broken up), 180 to 240 lbs. of refuse and 150
lbs. of limestone, or by preference, 40 to 120 lbs.

of burnt lime. When the charge is melted, the
metal sinks to the bottom, and should be kept care-

fully covered with the melted scoria; no part is to

be run off till the furnace is tapped. If, after the
first or second tapping, the metal is not sufficiently

decarburized, or " not high enough blown," the
proportion of coke is reduced, or that of refuse
increased.
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2d. Instead of ''refuse," iron ores may be re-

duced in a similar manner, with mixing them with

pig iron, the ores being thus used for decarburizing

the pis iron either in their raw state or calcined.

3d. Instead of the above charge, pig iron may be

omitted, and 350 to 450 lbs. of coke or other fuel,

-300 to 350 lbs. of refuse, and 100 to 120 lbs. of

burnt lime, or 140 to 170 lbs. of limestone, melted

together, will produce flners' metal. The propor-

tion of lime should be with mill scale one sixth, mill

or balling furnace slag one third, pudding and finery

slag one "fourth of their respective weights of burnt

lime.

4th. To produce metal from iron ore, 300 to 400

lbs. of coke, 300 to 350 lbs. of iron ore (broken

small), and as much lime as would flux the iron-

stone in ail ordinary furnace, are used.

5th. With proper proportions of flux, refuse may
be used either with ironstone or iron ore, care being

always taken to have a sufficient depth of scoria to

protect the metal. " By having a hearth of suffi-

cient depth below the twyre.part of the scoiia may
be run off, and a greater quantity of metal be ob-

tained at one tapping."

6th. If the materials of the charge are sufficiently

fusible the quantity of coke or other fuel may be

diminished, or the amount of refuse increased, till

'• the proper degree of decarbonation " is obtained.

"Waste is thus lessened, since "the higher the iron

is refined or blown, the less is the loss or waste in

the subsequent manipulations of the forge."

7th. The metal may be kept protected by a suffi-

cient depth of scoria "by drawing off the metal

from below," instead of " allowing it to flow off

above," thereby requiring less blast.

The furnace recommended for the smelting refi •

nerv is similar to a common blast furnace, but

smaller, with a square or cylindric hearth, having

a height of about twenty to thirty feet, six to eight

feet in diameter at the boshes, two to three feet

diameter at the top ; the hearth being five or six

feet high, and two to four feet in diameter.

Note.—At this time of excitement about the

Ellershausen process and the ore processes it has

given rise to, it is interesting to remember that both

ore and other oxygen-bearing substances were speci-

fied, to partially decarburize pig iron, over half a

century ago—not in the puddling furnace, but in a

sort offiatry or first stage of puddling. The use

of the ores is clearly stated in the 2d paragraph

above.

PARTIAL DECARBURIZATION BY MEANS OP

AIR JETS, WITHOUT THE USE OF FUEL.

Hill, Anthony, — 1817. August 5.

No. 4,151.
Printed, 9d.

" Improvements in the working of iron."_ These

consist " in causing crude iron while in a fluid state,

howsoever and from whatever substance such fluid

crude iron may have been obtained, to be exposed

to and conveyed along with a strong current of con-

densed air or blast in such manner that it may be

thereby minutely divided and dispersed, and expe-

ditiously " blown and acted upon by the air." The
patentee describes an arrangement of apparatus by
which this object can be effected. A cullender of

the top of a wrought iron tube about thirteen inches

in diameter, and eight feet long, called the " dis-

charge tube," which is sunk into a wrell surrounded
with water to keep it cool. At the top of the tube
just beneath the cullender are apertures for the ad-
mission of a blast. The operation is performed as

follows. The molten iron is poured into the cullen-

der and falls through the holes into the discharge

tube. At the same time a strong blast is injected

into the tube in and among the divided particles of
iron, which are thus subjected to its action during
their descent into the well. The iron is collected at

the bottom of the well, and at the end of the ope-
ration the water is discharged from the well, and
the iron then " must be made into bar iron by pud-
dling, reheating and rolling, or by any other known,
means."

Note.—Anthony Hill is known to have been a
practical iron worker, but how far he utilized this

invention we have no evidence. He does not propose
to decarburize the metal sufficiently to make it mal-
leable, as Martien subsequently (September 15th/

1855) did, by less adequate means, viz : the blowing

of air up into a stream of liquid iron as it flows in

a runner- Neither of these inventions could accom-
plish anything further than refining iron prepara-
tory to puddling, and Hill's has this advantage over

Martien's—that it would work— in some limited

degree-

Hill's is the first recorded proposition to decarbu-
rize without the use of fuel to keep up the tempera-
ture, and it would appear to anticipate the claims of
subsequent inventions as far as partial decarburi-

zation, without the use of fuel, is concerned. Bes-
semer introduced a radically new element— the-

mechanical fohce of air to keep the metal subdi~
vided so that the oxygen could act on a vast surface-

of carbon at once, and thus burn it fast enougbj
to keep the iron liquid.

c harc oal used to protec t the bottoms
of puddling furnaces.

Harford, Richard Summers.—1822,
January 9. No. 4,634.

Printed, 3d

" An improvement in puddling." The improve-
ment consists in using a layer of charcoal or charred
carbonaceous matter, powdered 6t otherwise, t&
"protect the cast iron bottoms or floors of puddling
furnaces" from the effects of the intense heat, and
substituting charcoal for the substances usually em-
ployed, such as scoria or sand, which impart inju-

rious qualities to the iron.

HEATING THE
THE WASTE
FURNACE.

Jones, William.-
No. 4,713.

iron to be puddled bt
heat of the puddling

-1822. October 18.

Printed. 3d.

"Improvements in the manufacturing of iron/'

The invention consists in charging the puddling fur-

nace with refined metal, pig or crude iron in a
heated state, instead of putting the charge in cold,

cast or wrought iron shaped like a bucket, being I The heating operation may be performed either by
about eighteen inches in diameter at the top, and the heat of the puddling furnace or m a separate

tea inches at the bottom, is supported in a case on \ furnace.
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Kote.— This patent is partially or wholly antici-

pated by Gardiner's, in 1788. 'This important im-

provement has long been used in some establishments,

and is just now coming into very extensive use in

this country. It is found to effect a considerable

economy of fuel.

THE USE OP SALT IN THE PUDDLING FUR-
NACE.

Luckcock, Joseph.—1824. May 15.

No. 4,956.
Printed, 3d.

4 'An improvement in the manufacture of iron."

The improvement is stated to he the use of salt in

certain quantities, ascertainable by experience, to

be mixed with the iron in the state in which it

comes from the blast furnace, and worked up with

it in the puddling furnace.

JJote.—Anticipated by John Payne, 96 years be-

fore, as far as the chemical effect of salt in refining

is concerned, though not used in the puddlingfurnace-

Experiments are still making, and patents are still

applied for in this direction.

THE USE OF SALT AND POTASH, IN SPECI-

FIED PROPORTIONS, IN THE PUDDLING
FURNACE AND FINERY.

Lambert, Josias.—1829. March 30.

No. 5,779.
Printed, 3d.

" Making iron." The invention consists in the

application of two parts salt and one part of potash,

in the blast, or refinery, or puddling, or balling fur-

naces. The mixture being applied to iron of infe-

rior quality at a high degree of heat, is stated

greatly to improve it.

Note.—Payne also proposed, in 1728, the use of

potash; Lambert, however, is the first to specify

definite proportions.

SPECIFIED QUANTITIES OF SALT, POTASH,

LIME AND SALTPETRE IN PUDDLING.

Lambert, Josias.—1830. February 4.

No. 5,893.
Printed, 3d.

"Making iron." The invention consists in the

use of a mixture of salt, potash and lime, or a mix-

ture of salt, saltpetre, and lime, in the smelting, or

puddling, or balling processes, in all or any of them.

The proportions recommended by preference are

two parts salt, one of potash, and two of lime, for

the first mixture, to be used when the iron is of red

short quality, and for the second mixture, two parts

salt, one and a half saltpetre, and two parts lime, to

be used when the iron is found to be " cold short."

The mixture may be introduced in the furnaces at

regular intervals, or combined with every change of

materials. The mixtures are used in proportions,

varying accordiug to the qualities of the iron. The
following are recommended : In the blast furnace,

25 lbs. to the ton of iron; in the finery, 20 lbs. to a

ton of iron; in puddling, 18 lbs. to the ton; in the

balling furnace, 18 to 30 lbs. per ton.

WATER AND AIR CASINGS FOR FURNACES
—THE BOILING PROCESS—DISPENSING
WITH THE FINERY.

Horton, Daniel, and Horton,George.
—1832. September 7. No. 6,299.

Printed, Is. 10d.

'•Improved puddling furnace." The invention
consists in applying to the old puddling furnaces
certain additions claimed as new, viz : hollow ves-
sels or cases forming the ends and sides of the low-
er part of the puddling furnace, allowing air or
water to circulate in contact with the inside casing
of the puddling furnace, the object being to enable
a very high degree of heat to be used in the pud-
dling furnace without its being destroyed, the inju-

rious effects being prevented by the circulation of
air or water carrying off the superfluous heat. The
use of this puddling furnace (which is fully described
with drawings) enables the refining process to be
dispensed with. On the bottom and sides of the
furnace are strewed slag and cinder to the depth of
about an inch oi an inch and a half. These are
melted and form a bottom, on which are placed
broken pig iron and :} by weight of cinder and slag.

The whole is then "raised to a higher degree of
temperature than is usual in puddling refined iron,

which will cause the pig iron to boil," "during
which operation the same is to be well stirred'' by
the puddier " until the malleable iron is disengaged
from the cinder." The beat, if necessary, is then
to be damped off. The iron is to be balled, and the
puddling completed in the ordinary way ; and when
the balls are withdrawn, the fluid cinder is run out,

and a fresh charge is put in. Malleable iron is thus
produced direct from the pig.

Note.— Water casings, backs and frames have
been the subjects of many subsequent patents, new,
doubtless, in detail: but here is the first record of
the practice, and it is quite comprehensive and com-
plete.

Although commencing with pig iron is specified in

former patents, the finery was universally used at

this time as a preparatory process.

The boiling process was introduced,, apparently,

to avoid the finery—to decarburize faster . It is now
used to make a better quality of iron.

A SHOOT TO CARRY MELTED IRON FROM
THE BLAST FURNACE TO THE FINERY.

Guest, Josiah John.—1833, January
31. No. 6,379.

Printed, 3d.

The invention consists in affixing to the blast fur-

nace an iron shoot or channel, and running the

molten metal from the blast furnace direct into the

refinery furnace (which is placed near thereto),

where the iron is refined in the usual manner.

SPECIFIED QUANTITIES OF OXIDE OF MAN-
GANESE, SALT AND CLAY, IN MAKING
MALLEABLE IRON.

Schafhautl,Charles.—1835, May 13.

No. 6,837.

No specification. See Repertory of Arts, Vol. IV, new se-

ries, p. 334; and Newton's London Journal, Vol. VIF, p 341.

" Manufacturing malleable iron." The specifica-

tion of this patent appeals to have been stolen.
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Front the following references (Repertory of Arts,

Tol. IV j new series, p. 334; Newton's London
Journal, Vol. VII, p. 341), it seems that the inven-

tion consisted in the use of black oxide of manga-
nese, 15 lbs.; common salt, well dried, 3f lbs.;

potter's clay, well washed, 10 oz. The ingredients

are well mixed and ground tine, and fused with

about 35 cwt. of pig iron in the boiling oven. The
color of the flames will indicate the progress of the

fusion. The mixture being, by preference, intro-

duced in three portions, the result will be a good

soft iron. To produce a harder iron, three or four

shovelfulls of roller refuse and cinder from the ball-

ing furnace are added, and only half the quantity of

manganese employed. Less quantities of manga-
nese and more of refuse and slag will produce a

harder iron.

Note.— The use of manganese ivas first specified

by Reynolds, in 1799. Sckafkautl is the first to

particularize proportions, which, by the way, are

not very differentfrom present practice in some lo-

calities. Manganese is now generally employed in

the puddling Jurnace, in the shape of Franklinite

pig iron, or spiegtleisen—the carburet instead of
the oxide—and is found of great advantage when
the irons treated are sulphurous. It is indispensable

to making good puddled steelfrom most of our irons.

PUDDLING WITH THE USE OP PULVERIZED
IRON ORE.

Mushet, David.— 1835, October 22.

No. 6,908.
Primed, Gd.

'•' Manufacturing bar iron or malleable iron." The
specification commences by giving a detailed account

of the refinery and puddling processes, and the

terms employed therein, and of the different quali-

ties of cast iron. It then proceeds to describe the

improvements patented, which consist in mixing
finely-powdered iron ores of rich qualities with the

iron while being puddled in the puddling furnace.

Sometimes powdered charcoal is mixed with the

powdered iron ores. The mixture is added in small

doses, and promotes the fermentation of the iron,

and causes it sooner to be " brought to nature." It

also enables crude iron to be used without being re-

fined, and produces a bar of improved quality and
greater weight than the old processes. A charge of

about 450 pounds of crude pig iron, varying in

quality from bright grey and mottled to white, ac-

cording to circumstances and the judgment of the

manufacturer (No. 2 grey iron foundry metal will

produce excellent bar iron) is employed; when it

begins to melt, and is fit to be stirred by the pud-
dler, a dose of about two pounds of powdered ore,

or ore and charcoal, is sprinkled on the iron, and
well stirred up with it. The doses are gradually

repeated as they are absorbed, until about forty

pounds of powdered ore (or one-eleventh by weight
of the charge of crude pig iron), have been sprin-

kled on the fermenting iron. The puddling process
is ciriied on meanwhile in the usual way. If char-
coal is mixed with the powdered ore, it should be
wetted. By this process, about twenty hundred-
weight of puddled bars are produced from twenty-
one and a half hundredweight of crude pigiron of
as goad quality as would be obtained from ordinary
refined metal. If refined metal or " plate " be used
instead of crude pig iron, to a charge of 450 pounds
about twenty-five pounds of powdered ore should

be used, and twenty hundredweight of puddled
bars are produced from twenty and three-quarters
hundredweight of refined metal or plate. Other
proportions and particulars are given according to
the quality of the materials employed.

Note.—David Mushet was the very best authority
on the iron and steel manufacture at this time. Like
other men of large ideas and experience, he some-
times patented or suggestedvery novel changes, which,
although very reasonable, also, had not been worked
out in practice. In this case, however, his specifica-
tion was obviously drawn up after the facts had been
fully developed.

Thirty-four years ago, Mushet published the fact
that stirring fine ore into iron during the process of
puddling improved the quality and increased
the yield—a fact that some of our iron makers
have not yet found out. Coarse ore for fettling has
long been used, especially in the works about Troy •

but the practice is not so common in Pennsylvania
and the Went. Indeed, the Troy iron makers con-
sider the Ellershausen process a greater improve-
ment on the Pittsburg practice than on their own.
But stirring in fine ore has just begun to be prac-
ticed regularly. Mushet specifies about 10 per cent

of ore ; as much as SO per cent {what Ellershausen
uses) has lately been used in the puddling furnace
during a fortnight's steady work, with a v try great
economy offuel and time, and with an improvement
of quality

.

Home 20 years ago, the experiment of mixing char-
coal with the ore, as here suggested by Mushet, was
tried at a large American works with very good re-
sults. The practice has lately been revived. 'The use

of carbon to aid decarburization can be explained on
the ground of promoting a higher heat throughout
the mass. The more carbon there is in Bessemer
pig iron, the more easily is it removed ; the rapidity

of combustion is the great end to be sought.

A good many inventions are from a quarter to a
half a century ahead of the times. The Stevenses

of Hoboken. developed or suggested nearly every
feature of modern iron-clad warfare twenty years
before they were taken up by Governments. Infact
Col. John Stevens made drawings of an iron-clad
ship for the defence of New York in 1812, which
was 43 years prior to the first use of iron-clads in
naval warfare. Mr. Mushet was equally in ad-
vance of the times, not only in his practice men-
tioned above, but in other directions to which we
shall have occasion to refer.

MECHANICAL PUDDLING.

SCHAFHAUTL,
13. No. 7117.

Charles. — 1836. June

Printed, 9d.

"Apparatus for puddling iron." The specifica-

tion and drawings describe an apparatus for working
the stirring rabble, and giving it the necessary longi-
tudinal and transverse motions in the puddling pro-
cess.

Note.—Considering the fact that this process is

likely to come into use soon in this country, these
old patents (this is the first record on the subject)

are likely to be interesting, and we commend their
perusal to the one hundred and one geniuses who
will apply for rabble moving contrivances as soon
as the tlnng is likely to be in demand.
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THE DRYING OF PAINT.

From a paper by Charles Tomlinson, F. Pi. S., read
at the Society of Arts.

(Continued from page 261.)

Every one knows what is expected of good

paint. In the first place, it should be suffi-

ciently liquid to spread under the brush,

and sufficiently viscous to adhere to the sur-

face, even though it be vertical, without

running, or becoming unequally thick in

different places. In the second place, it

should become solid within a reasonable

time after being applied. Thirdly, the solid

should adhere strongly to the surface.

We have seen that lead and zinc paints

become solid by the absorption of atmo-

spheric oxygen. But as pure linseed oil

also becomes solid by exposure to the air,

the drying of the paint is not due to the

presence of a dryer, or of the oxide of lead

or of zinc. It is true that the dryer acts

by increasing the absorptive power of the oil

for oxygen gas. The lead and zinc oxides

have also drying properties, and we must
not neglect the influence of the surfaces that

are to be painted. Paint dries at different

rates on glass, wood and metal ; it dries

better on some kinds of wood or of metal

than on others, of course under similar con-

ditions of experiment.

Drying on Glass.—Sui-faces of glass

were coated with linseed oil, also with the

oil containing a little white antimony, and
with the same compound with the addition

of a little litharge. The linseed dried

quickly, the antimony compound not so

quickly, while in the third compound the

presence of the litharge seemed to neutral-

ize the retarding effect of the antimony.

The following table shows the results

:

First coat dried in. .

Second coat dried in.

Third coat dried in.

.

Total

Days.
17

17

9

43

a g

w a

» 13« .is •

E C R
3

Days.
26

13 % © B
* 5 — °
"' *-' B 5

3

Days.
21

32

It appears from this table 1. That a

glass surface does not allow the paints to

solidify so readily as a surface formed of the

solid oil or paint. 2. That the antimony
oxide is antisiccative, which effect is cor-

rected by the litharge. 3. That in the sec*

ond coat the glass seems to be still exerting

a retarding action on the oil, but this is not

so evident in the antimony paint. 4. That
the influence of the litharge dryer is evident

in reducing the time required for the drying

of the third coat. This influence seems to

depend not only on the presence of the

litharge dryer in the viscid paint, but also

on its presence in the solid surface on which
the fresh paint is laid.

Drying on Oak.—The influence of the

kind of surface employed on the drying of

paint is well shown in the case of oak. On
oak surfaces stained brown, three coats of

linseed oil took forty-six days to dry, oil

with a litharge dryer seven days, oil with a

manganese dryer still less time. It was also

found that linseed oil and white lead and
linseed oil and white zinc dried more quickly

with a manganese dryer than with a litharge

dryer. On a surface of clean oak the first

coat of oil took a very long time in drying.

On the twTenty-second day it was soft and
pasty beneath the surface ; the oil had sunk
into the pores of the wood, and thus pre-

vented it from absorbing the oxygen re-

quired for its solidification. This explains

why oil dries more quickly on a painted

wooden surface than on a porous one. On
a porous surface the dryers seem to act with

great effect, probably from covering the

wood aud 'preventing the oil from sinking

into the pores. Their influence is shown in

the following table

:

H3 ^ 'T A 73 i o
c
S3 § t-B

T3 N J. IS

S .2

•73 © H3 s- P d

oil
ganese

*nd

S-3
Hi -C "a

£ * 2

3 p-J 3

Days. Days. Days.
First coat dried in. .

.

66 6 5

Second coat dried in.

.

6 5 3
Third coat dried in. .

.

6 5 3

Total 78 16 11

This also shows that a surface of linseed and
white zinc allows the paint to dry much
more rapidly than a surface of porous wood
does. A similar effect is produced when
the paint is laid on an old surface of paint.

The paint itself also becomes more siccative



VAN NOSTRAND'S ENGINEERING MAGAZINE. 3G3

under the influence of time and atmospheric

exposure.

It appears from experiment that paint

dries more quickly on poplar than on oak,

and more quickly on piue than on poplar.

In the experiments on metallic surfaces the

most remarkable results were obtained on

lead. The first coat of linseed oil dried very

quickly on this, as also the first coats of lead

paint and of zinc paint. The zinc paint

dried first, then the linseed oil, and lastly

the lead paint. The zinc paint, however,

tended to retard the drying of the subse-

quent coats. A newly scraped surface of

lead acted more energetically than one that

had been tarnished by exposure to the air,

but the lead covered with one coat lost its

influence in hastening the drying of the sub-

sequent coats. The first coat of oil on bright

lead was only ten hours in drying. In short,

we get this remarkable result, that lead is

siccative with reference to pure linseed oil,

while white lead itself, a siccative body, is

anti-siccative with respect to linseed on me-
tallic lead.

Summary of Results.—The influence

of various metallic, vitreous and wooden sur-

faces is thus summed up by M. Chevreul

:

First Coat—On Capper.—Oil dried more
slowly than both oil and white lead, and oil

and white zinc.

On Brass Wire and Zinc.—Oil dried as

rapidly as oil and white lead, but more rap-

idly than oil and white zinc ; but on the brass

wire the drying was more rapid than on zinc.

On Iron.—Same results as on zinc ; but

oil and white zinc dried more quickly on iron

than on zinc. This is analogous to the fact

noticed with lead. The oil and white lead

dried more slowly on lead than did the oil

and white zinc.

On Porcelain and Glass.—Oil dried a

little more quickly than oil and white zinc,

and oil and white lead a little more quickly

still.

On Plaster.—The oil and white zinc paint

dried in about equal times.

On Poplar and Mountain Ash.—Oil dried

more slowly than oil and white lead, and also

than oil and white zinc.

Three Coatings—On Copper, Brass

Wire, Zinc, Iron, Lead.—Oil and white lead

dried more quickly than oil and white zinc.

This was also the case on porcelain, glass, plas-

ter, poplar, and mountain ash. In the case

of the woods, linseed oil was found to dry

more quickly on ash than on poplar, and
more quickly on poplar than on oak.

Effect of Temperature.—Some of

these surfaces may, however, be regarded as

indifferent, as respects their influence in

quickening or retarding the drying of paint
;

but the temperature and other circumstances
modify any general conclusions that may be
drawn on the subject. Paint dries more
quickly at from 77° to 82° Fah., than from
59° to 64° Fah., other things being equal.

This explains why, in practice, the propor-
tion of dryer varies with the temperature.
In winter it is customary to add from three

to nine, and even ten per cent of dryer to

the linseed ; in summer not more than half,

one and a half, or two per cent, and it may
even be left out altogether in the last coat.

Effect of Dryers.—The drying prop-

erty of linseed oil is nearly always increased

by the addition of white lead, and in most
cases by that of white zinc. If the compound
be not sufficiently siccative, it can be made
so by the addition of a dryer, whether of

litharge or of manganese, due respect being
paid to the varying conditions of the sur-

face, number of the coats, whether first,

second or third, temperature of the air, and
the amount of natural light present. But
the influence of the lead or manganese dryer,

as will be gathered from the foregoing de-

tails, is not so important as is generally

imagined. It can be dispensed with in the
second and third coats, and even in the first

if the temperature of the air be favorable.

Linseed oil by exposure to light and air

loses its yellow color and becomes siccative,

so that it can be employed alone with white
lead or white zinc without detriment to their

purity. If white zinc be associated with the

sub-carbonate of zinc, the dryer may be dis-

pensed with altogether.

Lustre of Paint.—Paint owes its lustre

and smoothness to the oil alone. If oleie

acid were mixed with metallic oxides in such
proportions as to form solid chemical com-
pounds, and the acid were to pass quickly
from the liquid to the solid state, the result

would not be a smooth, uniform oleate ; but
when the drying oil passes slowly into the

solid state, in consequence of the gradual
absorption of oxygen, and the changes point-

ed out by Mulder, the very slowness of the

process allows the oily molecules to arrange
themselves into a symmetrical compound,
which would be transparent were it not for

the opaque particles of the white lead im-

prisoned in the compound. If these opaque
particles are not in excess, the molecular
arrangement is such that the paint dries into
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a surface that is lustrous, aud eveu brilliant,

in consequence of the mirror-like reflection

of the solidified oil.

Effect of Turpentine.—This sub-

stance is added by painters, in order to

diminish the viscosity of the paint, and to

allow it to spread more easily under the

brush. If the surface is to be polished, a

large proportion of turpentine is used ; if it

is to be varnished, as much turpentine is

added as will render the paint very fluid,

but not too fluid to work with ; if the paint

is to be very durable, and it is to be neither

polished nor varnished, only a small propor-

tion of turpentine is to be added. As tur-

pentine dries to a great extent by evapora-

tion, one of its chief uses is to hasten the

drying of paint. Thus, three layers of lin-

seed oil on glass dried in twenty-five days

;

but when about thirty per cent of turpentine

was added to the oil, the mixture dried in

twenty days. This drying effect is promoted

by a previous exposure of the turpentine to

the air. When both oil and turpentine have

been previously exposed, the drying takes

place still more quickly. Exposure to air

has a similar influence on the other ingredi-

ents of paint, even on the white zinc.

Other Dryers.—This exposure in the

case of turpentine favors the combination

with atmospheric oxygen and the consequent

resinifieation of the liquid. Exposure in the

case of a porous body like white zinc may
also lead to the physical absorption of oxy-

gen, and thus hasten the drying. If this

physical effect were really obtained in the

case of white zinc and white lead, Chevreul

thought it likely that the presence of other

solid bodies in the paint might have a simi-

lar effect. But before putting them into the

paint, their influence as surfaces was tested.

When linseed oil was laid on white lead,

three coats dried in seven days ; but on sul-

phate of zinc they occupied eighteen days in

drying, twelve being required for the first

coat and two for the second ; white lead is

therefore more siccative than the zinco-sul-

phate. In both cases the first coat acted as

a dryer to the second. When a mixture of

sulphate of lead and white lead was used as

the surface, the oil dried almost as quickly

as on white lead alone. It has already been

shown that the addition of the litharge and

manganese dryers made the linseed oil dry

more quickly
; that is, it became more capa-

ble of absorbing oxygen from the air. It is

remarkable that this absorptive power is

increased by the addition of solid bodies,

such as sand. Linseed oil mixed with white
lead dries more quickly than the oil alone,

so that white lead is a dryer or siccative.

Oil mixed with sulphate of lead dries very
slowly ; but a mixture of oil, sulphate of

lead and white lead, dries as quickly as oil

mixed with white lead only. Hence the

presence of white lead confers extra drying-

power on sulphate of lead. Carbonate of

zinc acts as a dryer, when added to oil or

white zinc; and the mixture dries more
quickly than oil mixed with white zinc only.

Oil mixed with zkic carbonate sets more
rapidly than with zinc white ; but it forms a

semi-transparent, not an opaque paint. As
zinc carbonate renders oil and white zinc

more siccative, it might be substituted for

the manganese dryer, which has the disad-

vantage of imparting color to zinc white.

Two paints were prepared, one consisting of

100 lb. of linseed oil, 75 lb. of zinc white,

and 25 lb. of zinc carbonate ; the other of

98 lb. of the oil, 2 lb. of the manganese
dryer, and 100 lb. of white zinc. With each

of these paints a door was painted. Four
hours after they had been applied both

paints appeared to be equally set ; but the

surface coated with the first paint was whiter

than that coated by the second ; the whiter

paint was, however, the less adherent.

ECONOMICAL RAILWAYS.

AMERICAN FEATURES — THE NARROW
GAUGE — IMPROVED LOCOMOTIVES—
WELL FILLED TRAINS.

The interest of the profession and the

public, in this subject, is on the increase,

especially in England. Although at the

first glance the idea of light, cheap railways,

seems an approach to the American system,

yet upon investigation it will appear that

only one or two features of construction and
working, that are distinctively American, are

advocated for the guidance of English con-

structors and managers. Let it be always

and distinctly understood that the " Light

Railway " movement in England is not an
indorsement, in any degree, of the Ameri-
can counting-room system of bad railways

—

poor iron, cheap machinery and rough roads.

On the contrary, the improvement of loco-

motives, running gear and permanent way,
are among the chief features of the proposed

reform.

The features that might be called Ameri-
can, as proposed for new British railways,



VAN NOSTRAND'S ENGINEERING MAGAZINE. 305

especially in the rural and mining districts,

are, first, following the surface of the ground
— o-oins; over and around hills rather than

through them—up to certain limits of cur-

vature and gradient, say one in 40 and five

chain curves ; second, the use of a single

track worked by telegraph ; third, filling

the trains with paying load. In these re-

spects even we might improve. But in the

other proposed economies we need as much
instruction and reform as the English, viz

:

in the narrow gauge for branch lines of light

traffic, and especially for under-ground city

lines, where every additional foot of surface

bought, and cutting made, tells largely on

the cost ; and in a better system of running

gear for all lines ; in articulated rolling

stock, and in the utilization of weight for

adhesion.

In a former article* we considered the

excessive and unnecessary cost of English

lines—a cost made up of parliamentary ex-

penses, land damages, and heavy earthworks

and engineering structures, to secure straight,

level roads. We now propose to consider

some other features in the proposed reform,

compiling from the standard authorities be-

fore quoted : First, the use of single lines.

t

These, if worked by telegraph upon the

block system would be equally safe, and
in all respects as sufficient as double lines.

It would be an active traffic that required

twenty-four long and well filled trains each

way daily, yet this is but one an hour in

each direction, so that the rails of every

mile of a double line would be unused for

about twenty-three hours of the twenty-four.

A proper adjustment of trains, proper care,

and the indispensable aid of the telegraph,

render a single line as safe as a double line,

it being understood that the trains are not

so numerous as to exceed say two each way
in the hour. The extra cost of a second

line of way, including extra width of cut-

tings, embankments, viaducts and tunnels,

cost of land and cost of permanent way,
cannot be taken as much less on the average

of English lines than £5,000 per mile, upon
which the interest charge at five per cent is

more than Is. per train mile for eight trains

each way daily, these trains easily accom-
modating a daily traffic each way of 1,000

passengers and from 500 to 1,000 tons of

goods. Single lines form the majority of

* Van Nogtrand's Magazine, Vol. I, No. 3, p. 243.

t See also a list in the " Railway Notes," on a fol-

lowing page, of particulars and results of narrow
gauge lines.

the Prussian railway system, which is work-

ed with fewer accidents than almost any

other in the world. The single line system

in the United States, when worked by tele-

graph, has not proved unsafe ; the greater

number of " accidents" on these roads re-

sulting from bad construction and attendance.

The narrow gauge is advocated by various

authorities, among others, Mr. Hulse,* as

follows : There are strong reasons for pre-

ferring the 3gft. to the 4ft. 8-g in. system

for local railways. The rails of the former

do not exceed 401b. to the yard ; tunnels

and bridges of a height not exceeding 10 g ft.

may be employed ; open cuttings of much
smaller dimensions ; and curves may be used
of a radius of only two chains, the locomo-

tive engines need not exceed 15 tons weight

;

carriages 5 tons weight ; and on no driving-

wheel would there be more than three tons.

Whereas on the 4ft. S^in. system the rails

are 801b. to the yard ; tunnels and bridges

24ft. wide, 16ft. high ; open cuttings in pro-

portion ; curves not less than eight chains

radius; locomotive engines, 30 tons weight

;

carriages, 8 tons ; minimum load upon each

driving wheel, 6 tons. The short curves

admissible on the narrow guage avoid to a

great extent the destruction of property,

villa residences, etc. ; that is in passing by,

instead of through them. The minimum
radius of the curves and minimum height of

headway admissible in each system are the

most important features to be considered in

deciding upon the best system of railways'

for towns which have canals, rivers, existing

railways, a labyrinth of sewers, gas and
water pipes ramifying throughout. Another
important feature to be considered, of course,

is the question of cost. The 3|ft, system,

it is estimated, will cost less than two-thirds

as much as the 4ft. 8-ij in. system, and may
be worked at a correspondingly small ex-

pense.

It may be asked why not adopt a 3ft. or

even narrower system. The answer is that

the 3gft. system is already largely adopted

in Queensland, Ceylon, Norway, Belgium,
and other places, and with complete success.

In designing the carriages for the local line,

the 3-gft. gauge is found to give ample ac-

commodation. The carriage which promises

to be most suitable is what may be termed
of the omnibus type, with seats arranged on

each side and a longitudinal passage , say

Address of Mr. W. W. Hulse, President, bafoxa
the Manchester Institution of Engineers.
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30in. to 36in. wide down the middle, with

doors opening inward at the ends. The
leading dimensions are 20ft. long, 6ft wide,

and 6ift. high inside. Carriages of this

size would accomodate 24 passengers, twelve

on a side, and give over 30 cubic feet of space

to each. It might indeed be found desirable

to adopt even a 2ft. gauge in some districts

for cheapness, as has been done in North
Wales, where the Festiniog Railway has a

gauge of 23in., locomotive engines under 8

tons weight, and over this railway of thirteen

miles in length, were carried in 1865, 2,500

passengers, 11,000 tons of general merchan-

dise, and 90,000 tons of minerals, yielding

a profit, it has been stated, on the capital

outlay of 26 per cent.

Another authority says on this subject

:

As a rule, we are not favorable to the adop-

tion of narrow, or more properly, small

gauge railways; they appear, as it were, to

constitute a bar to the future development
and extension of commerce and traffic. We
would greatly prefer to witness a large and
important undertaking, designed and exe-

cuted upon a scale somewhat exceeding the

proportions actually necessary, than to wit-

ness it carried out in a manner that barely

sufficed to meet the exigencies of the mo-
ment. There is a medium between building

for posterity—between concerning ourselves

about the probable state of our coal fields

after the lapse of half a dozen centuries

—

and constructing works so that they should

be, in the main, capable of answering their

intended purpose for the next fifty years.

To each generation belongs its own duty of

construction, reconstruction, demolition and
alteration, and it is unjustifiable to incur a

heavy extra expense in order that " a thing

may last for ever." Are we, then, awaking
to the conviction that we have spent millions

upon railways in endowing them with prop-

erties that are self-destructive? One of the

reasons influencing Brunei in his recommen-
dation of the seven feet gauge was, that by
thus enlarging the base of the rolling stock,

increased stability- would be obtained, and a

speed ensured higher than that which would
be compatible with safety upon a narrower
track. Time has shown this reasoning to

be fallacious ; the trains upon the Great
Western do not run faster, or, practically,

with greater security than those upon other

lines. Similarly, by its own supporters, the

4 ft. 8| in. gauge was considered the nar-

rowest that could be employed with safety,

bearing in mind the great velocity that was

expected would be ultimately attained upon
it. It is needless to mention that the ve-

locity anticipated never has been attained on
either of the gauges. Both Stephenson and
Brunei, it is well known, contemplated the

probability of running trains at a speed of a
hundred miles per hour, whereas the average
maximum reached is barely half this amount,
and the minimum is something less than
what was the usual pace of the old " fast

coach." It must not be understood that we
consider this conclusion (favoring a narrower
gauge) to apply to all our railwa}rs. A line

similar in extent and importance to the Lon-
don and North-Western, constructed upon a

gauge of three feet or three feet and a half,

would be a miserable failure, but a double
line upon a similar width of track, to con-

vey the coal traffic from Newcastle to Lon-
don, might not only present a different ap-

pearance, but prove a very remunerative

speculation.

We have too long adhered to a false sys-

tem of locomotive construction. While
greatly overloading the driving wheels of

our engines, we throw away from one-half

to two-thirds of the total adhesion weight.

We also make needlessly large driving

wheels, often employing 65ft. to Tift, where
5ft. to 6ft. would answer the fair require-

ments of traffic, and permit of smaller

cylinder and less weight of working machine-
ry. We can see no solution of the problem
of economical locomotives except in the

double bogie system. In these almost any
length of total wheel base may be had without

straining the way or inducing excessive

friction ; the weight is equalized on all

the wheels and the weight per wheel kept

down to 4 or 5 tons, instead of, as is

now often the case, 7 or even 8 tons. Fair-

lie's engines are also rid of the burden of

the lumbering tender, a great 12 or 14 ton

monstrosity, with the additional weight of,

say, a ton of coal, and from 5 to 10 tons of

water, water which should be "picked up,"

in quantities of one or two tons only at a

time, as wanted, from Mr. Ramsbottom's
troughs. A double bogie tank engine hav-

ing eight 5ft. wheels, and weighing but 36
tons, the wheels driven by two pairs of 14 in.

cylinders, with a stroke of 2ft., would, with

a very moderate steam pressure, pull a train of

a gross weight of 300 tons up a two mile

incline of 1 in 60, at the rate of 20 miles

an hour, a work corresponding to nearly 800

horse power, during the six minutes of the

run, in thus surmounting an elevation of
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more than 175ft. Such engines, without

excessive total weight, would have a power
sufficient to deal easily with trains of much
greater weight than the present, upon gra-

dients and through curves seldom met with

on our own old, costly, "first-class" lines.

A farther economy should consist in run-

ning fewer, slower, and better filled trains,

thus dividing the expenses per train among a

greater number of passengers or tons of goods

in that train. It was not long since stated that

the London & North-Western, Great North-

ern, Great Western, and Midland Railways
together run fifty-two passenger trains daily

between London and Manchester ! So far

as through traffic is concerned, three or four

each way daily should serve every reasona-

ble requirement. Railway promoters and
engineers must yet awake to the fact that

the most profitable and useful railways are

those made and worked for the great paying
lower class, as distinguished from the far

less numerous and far' more fastidious upper
elass. The former do not require either

very fast or very frequent trains. An ex-

cursion train shows with what they are

willing to put up. And a thousand passen-

gers in a train, paying each a farthing a

mile, £1-0-10 per train mile, is about
the most profitable load an engine can draw,

unless it be a bullion train, paying, it may
be, £4 or even £6 per mile, as has been the

case on the South-Eastern line.

In cases, however, where there is a large

and constant stream of passengers, railway

carriage can be cheapened enormously, with

abundant remuneration to the carrier. We
can best illustrate this by contrasting the

fares on the Metropolitan Railway with
those which are charged and found quite

unremunerative upon country branch lines.

From Notting-hill to Moorgate-street and
back, a distance of twelve miles, first-class

passengers are carried for Is. ; second, 9d.
;

third, 6d. ; being at the rates of Id., and
|d., and |d. respectively per mile

;
yet that

line cost an average of over £500,000 a mile

to construct. But on a branch country line,

the rates may be 3d., 2d., and Id., a mile,

and the cost of the line only£10,0(J0 per mile,

yet no remuneration will be obtained.

Land damages are often a most un-

just tax upon railways and the public. It

should require no parliamentary contest

to make a railway more than to make a

highway or to open a street. And so far from
landowners being "compensated" at extrava-

gant rates, the benefits, generally very great,

which railways confer upon their property

should be considered and taken into account.

The eight acres of land taken for a mile of

railway may be worth far less, valuable

though it be, than the benefit which the rail-

way itself confers upon the adjacent hundreds
of acres. The question arises, are new cheap
lines required on routes where the present

costly lines exist. The older lines were con-

structed at immense cost for a speed for which
a great majority of the public are unwilling,

if not unable, to pay. And it does not an-

swer the question nor the purpose to say
that they can have as slow a speed as they

choose on the existing lines. So they might
;

but, unless the great capital charge upon
these lines is in part sacrificed, the slow

speed will not after all be a cheap speed to

the passengers. Unless the companies are

prepared to do this—and it is certain that

they are not—the public have a good right

to call out for free trade in railways. Even
a war between competing companies would
be for the time to the public benefit, and it

is certain that the company having the

smaller capital burden would have the ad-

vantage in any contest. Its line may have
steeper gradients and sharper curves, in-

volving a somewhat greater charge for loco-

motive power and maintenance of way ; but

there would not be the long tunnels, the

lofty viaducts, the grand metropolitan ap-

proaches, and the magnificent termini to pay
interest upon.

In conclusion, it is tolerably certain that,

with the cheaper lines and more economical

mode of working, taken together, nearly one

half of the present rates of fare might be
saved. Such economy is not without pre-

cedent. English "railway men" are morti-

fied to read in our Continental Bradshaw as

follows :
" The railway system (of Bel-

gium) was adopted as early as 1838, and at

the present moment no country in Europe
is better provided with railway accommoda-
tion than this industrious and prosperous

land. There is not one town or village of

any importance without its railway com-
munication. The fai^es are lower than in

any other country : for long distances not

exceeding ^d. a mile first class, ^d. second

class, and ^d. third class—-one-fifth of the

rate charged in England." Yet the Belgian

lines are profitable to the state, and that too,

notwithstanding that all the elements of

necessary cost, whether of construction or

working, are as great as in England, except-

ing only the cost of labor, and the salaries
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of officials. There is no difference, in prin-

ciple, between the English and Belgian sys-

tems of railway construction, nor in the

rolling stock employed.

DIRECT ACTIXG STEAM PILE DRIVER.

SYSTEM PATENTED BY M. J. CHRETIEN,
PARIS.

Translated from "Le Genie Industriel."

In order that pile driving may be effected

rapidly and economically, certain conditions

must be satisfied, the chief of which we will

indicate. Of the first importance is the ra-

pidity of the blows ; next to that is the

weight of the ram, and lastly the height of

the descent. At first, it might seem that

with a given fall and weight of ram, the

number of blows would be the same, whether
struck at long or at short intervals. Prac-

tice, however, shows the reverse of this to

be true, and it is not difficult to account for

the difference in the two cases. For exam-
ple, it might be necessary under certain cir-

cumstances, to give 100 blows at the rate of

four or five per minute, iu order to sink a

pile to a given depth, while it is well known
that at the rate of fifteen or twenty blows

per minute the amount of drift would be

considerably greater ; in other words, fewer

blows would be required to produce the

same result. The difference is such that in

certain soils the results might vary in the

ratio of one to two. It is easy to see that

if a pile, which has received a series of blows,

is allowed to remain undisturbed for a suffi-

cient length of time—or possibly only a few

minutes—the earth which has been forced

aside by the entrance of the wood settles

back around it, and ultimately sets. The
result of this adhesion is an increased resis-

tance to driving. But if the blows are re-

peated very rapidly, the earth, which is more
and more thoroughly displaced by each suc-

cessive stroke, has not time to settle. back or

to adhere. The pile is, as it were, sunk into

a hole in the ground, and the work is but

little more than that requisite to drive the

point. These effects are most decided in

soft ground, in sand, and in works under wa-

ter. Heretofore, in prescribing the weight

of the ram and the number of blows, engi-

neers have merely indicated the point at

which the pile refuses to siuk lower ; but in

view of what has been said we think they

should no longer neglect the time during
which the blows should be given.

The weight of the ram is of considerable

consequence, but its importance should not

be exaggerated, especially when it is possi-

ble to regulate the fall and velocity. A
heavy ram, falling from a great height, gives

a powerful shock, but beyond certain limits

the effect produced ceases to be proportional

to the weight, and besides, there is the dis-

advantage of exposing the pile to splinter-

ing, which should by ail means be avoided.

Any weight in excess of 1,000 kil. is inju-

rious rather than useful, and in general it ig

not advisable to exceed 800 kil.

The height of the fall is the most varia-

ble element, and the best driver is the one

which will strike both light and heavy blows

with rapidity. There is no minimum, since

in some cases it is necessary to begin by
striking as lightly as possible; but there is

a maximum, for no part of the force of the

blow should be expended in splintering or

even in sensibly altering the wood. A de-

scent of five meters is the greatest which it

is well to employ when the blows can be

struck rapidly enough.

The pile driver invented by M. Chretien

completely satisfies the conditions just laid

down. It is constructed upon the general

plan which that engineer has already applied

to direct acting cranes and lifts. Its sim-

plicity is such that all deterioration is well

nigh impossible, and its maintenance is most

economical. By comparing it with the di-

rect acting steam-crane just mentioned, or

with the steam-hammer, it will be seen that

it is practicable to strike very light blows,

and also to strike rapid ones up to a blow

per second. The rapidity of movement
should be limited only by the boiler power,

which should be proportioned to the work
which it is desirable to accomplish in a given

time.

[The most important peculiarities of this

machine are, first, the peculiar method of

applying the power to the weight. The
chain passes from the ram over a grooved

roller at the top of the guides; thence

downwards around a second grooved roller,

situated in a frame attached to the end of

the piston-rod ; thence upwards again over

two more rollers at the top of the guide-

frame, and finally is made fast around a

windlass within reach of the engineer.

Second, the steam cylinder is of great

length—equal, in fact, to one-half the ex-

treme rise of the ram—and works nearly

vertically. The mechanical principle involv-

ed in raising the weight is that of the pul-
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ley in its simplest form ; the power being

applied between the two ends of the chain,

and the weight being at one end. Hence
the rise of the weight will be twice the

amount of movement of the piston.]

The workman who manages the driver has

only to move a single lever, and each move-
ment of the hand corresponds to a blow.

—

As fast as the pile sinks he unwinds the

chain from the windlass, thus regulating the

fall by the depth to which the pile has been

driven. At the same instant he lowers at

pleasure the wedges which limit the rise of

the ram, and all without loss of time.

There are two ways of driving with this

machine—first, by not loosening the ram
from the hook, in which case the block de-

scends with the grapnel and chain, and
strikes lightly and rapidly ; second, by long

descents, in which case the ram, arriving at

the top of the slides, detaches itself, falls,

and is raised as soon as the grapnel takes a

new hold.

Finally, the same maneuver serves for

putting the pile in position (a la mise enfiche).

Unwinding the chain from the windlass and
fastening the grapnel directly to the pile,

the mechanic draws it in by a few strokes of

the piston and by reversing the windlass.

It was at the works undertaken by the

city of Paris near the Pont de l'Alma that

this pile driver was first tried. Its success

has been so satisfactory that the engineers
and contractors who have observed its work-
ings have ordered them.

MODERN ENGINEERING.
It would be difficult to condense Mr*

McAlpine's excellent paper on this subject)

lately read before the American Institute-

The following points, however, are of pecu-

liar interest

:

Since 1829, the locomotive has increased

from four to 40 tons in weight, and from
fourteen to 60 miles per hour in speed. Then
grades of 50 feet per mile were the maxi-
mum, now those of 440 feet at Mont Cenis
and 528 on the Baltimore and Ohio, have
been used. Forty years ago Horatio Allen
had to mount the foot-board of our first loco-

motive himself, now 15,000 are daily whir-
ling over 40,000 miles of railways in this

country alone.* The Erie Canal, originally

built for vessels of 60 tons, has just been
enlarged for those of 250 tons, and its in-

* It is estimated that there are over 40,000 locomo-
tives in all countries.

—

Ed.
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creasing traffic already demands an enlarge-

ment for vessels of 1,000 tons. Of the traf-

fic of the great West it now carries more
than all of the great trunk lines of raihvay

between the St. Lawrence and the Potomac.
One canal boat carries more tonnage than a
freight train, and the Erie Canal brings

daily to tide water more than five times as much
tonnage as the New York Central. Its ton-

nage exceeds that of all the foreign commerce
of New York. The materials used in its

construction exceed in quantity those required

for the 2,000 miles of the Pacific Railway.

The Niagara and Cincinnati wire suspen-

sion bridges by Roebling; the Havre de Grace
bridge, of wood, by Parker ; the Schuylkill

bridge of cast iron arches, by Kneass ; and
the Victoria iron girder by Stephenson, are

among the most noted bridges. In subma-
rine works in this country, the most remark-

able are the piers of the Potomac and Cro-

ton aqueducts, of the Havre de Grace and
Harlem bridges, and the founding of the

United States Graving Dock, at Brooklyn.

The aqueducts and graving dock were
founded by means of coffer dams, the Havre
de Grace bridge by means of iron caissons,

and the piers of the Harlem bridge are

composed of large cast iron columns or hol-

low piles, driven by the newly discovered

pneumatic process. A mass of metal of a

ton weight was unknown before the Christian

era. Now those in cast iron up to 150 tons,

in wrought iron to 40 tons, and in steel or

bronze to 25 tons, are made in any desired

forms, and turned or bored with the most
perfect accuracy.

The works of the ancients are often refer-

red to as excelling, in magnitude, accuracy

and beauty, those of modern times. This

view is in part at least, quite erroneous.

Their works were generally for useless pur-

poses, although there are many exceptions,

such as their canals, water works, military

roads and bridges. The stones in the tem-

ple of Baalbec are the largest of any build-

ing in the world save one. They range

from 1,200 to 1,275 tons. In one at St.

Petersburg they are ± larger. The mono-
liths of Egypt are from 200 to 300 tons, and
a few of 700 tons. The obelisk of Luxor,

now in Paris, weighs 250 tons. The " goodly

stones" of the temple at Jerusalem weighed

350 tons each. The probable method of

constructing the great Pyramid of Gizeh,

was by means a mound of earth and an in-

clined causeway ; when the structure was
completed the earth was removed. This
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pyramid contained 6,500,000 tons of stone,

and the embankments required 50,000,000

tons of earth. All of the masonry of the

Erie Canal amounts to but one-third of this,

and all of the earth moved for the Pacific

Railway amounts to but that used instead of

scaffolding for this pyramid. It required

the labor of 500,000 men for thirty years,

and cost §5,000,000,000. A modern engin-

eer would construct such a work for $100,-

000,000, and use a tithe of the men. The
Coliseum at Rome was but one-third of

the size of the London Exhibition building,

and but one-sixth of the Paris building.

The tonnage of the Ark was 12,000 ; of the

show ships built by Ptolemy somewhat less,

and of the Great Eastern 22,500 tons. Some
of the modern men-of-war have nearly 9,000

tons displacement, and our passenger ships

3,000 to 5,000 tons. The largest steam en-

gines in the world are those used in drain-

ing the Iiaerlem Mere, with steam cylinders

of twelve feet diameter and fifteen feet

stroke, driving eight pumps of 63 and 73
inches diameter, and ten feet stroke. These
three engines were capable of delivering a

volume of water six times as great as that of

the Croton. The next largest pumps are

those of the Graving Dock at Brooklyn, of

one-third of the capacity of those at Haerlem
Mere. The steam engines next in size are

those of the Bristol and Providence steamers,

with cjdinders of nine feet two inches diame-

ter and twelve feet stroke. Seven of the most
noted modern engineering works to contrast

with the seven wonders of the ancient world,

are the Thames Tunnel, the Great Eastern
steamship, the Atlantic Cable, the Britannia

and Niagara bridges, the Erie Canal, modern
ordnance, and the Pacific Railway.

Among the great projects of the age are

those for building canals, railways, tunnels,

bridges and steamers. In canals, we have
the project of one around the Falls of Niag-
ara ; a re-enlargement of the Erie for vessels

of 1,000 tons ; the Suez, nearly completed
;

one across the Alleghanies in Virginia ; one

through the Nicaragua Lake or Panama, and
one from Huron to Ontario. In railways, we
have the Pacific on the eve of completion;

the Mont Cenis in rapid progress ; one across

the continent from Rio Janeiro begun, and
many others of magnitude. Of bridges, we
have those in progress across our great West-
ern rivers ; one proposed across the East
River at New York of 1,600 feet clear span

;

two over the Hudson, above and below West
Point ; another across the Straits of Messina,

covering the " Scylla and Charybdis with
clear spans of 1,000 meters (two-thirds of a
mile) each," and with piers of 700 feet high,

half in and half out of the sea, and finally the

modern "Pons Asinorum," a bridge project

across the Straits of Dover, sixteen miles
long, in clear spans of two miles each, with
piers of a 1,000 feet depth in the water.

This project is said to be favored by Napo-
leon. In tunnels we have that of Mont Cenis,

eight miles, and of the Hoosac, five miles in

length, both in rapid progress ; one of

wrought iron tubes at London, and another
at Chicago, almost completed ; tunnels pro-

posed under the East and North Rivers at

New York, under the Ganges at Calcutta,

and under the Straits of Dover.

The New York and Brooklyn Bridge.
—The Board of Consulting Engineers,

consisting of Horatio Allen, W. J. McAl-
pine, J. Dutton Steele, Benjamin H. La-
trobe, John Serrell, J. P. Kirkwood and J.

W. Adams, have finished their conference,

after having sat for three days, carefully

examining the details of Mr. Roebling's

plans. The result, says the "Times," is a

full confirmation of them in their application

to the proposed East River Bridge.

The span (1600 ft.) the Board considered

entirely feasible. As to the piers; on the

Brooklyn side there was a substratum of

boulders which the current would not act

upon or wash away ; here a firm foundation

would readily be obtained. But on the New
York side the foundation would have to be

laid upon a quicksand—substantially the

same as that met with in excavating the

Dry Dock, where not a stone was found in

the whole excavation. It is however very

hard, being a decomposed rock. The prac-

tical question was, will the scour of the river

remove it and undermine the pier? A refer-

ence to old charts shows that the current

has not encroached upon this shore. The
pier might be carried down 107 ft. to solid

rock, but the Board thought going deeper

than the bed of the river, or say 70 ft., un-

necessary. In case of future encroachments,

a protection of rip-rap work could be put in.

The sand will be loaded to 4 tons per square

foot Mr. McAlpine has found that this

sand will safely sustain 10 lbs. per square

foot. The masonry will be located on a

mass of timber 165X100 ft.X20 ft. thick,

bolted together so as not to allow settlement

in detail. The durability of this timber,

below the mud, is beyond question.
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IRON AND STEEL NOTES.

REPORT OP THE AMERICAN IRON AND STEEL
Association.—The following abstract gives the

more important features of this valuable report. It

is published in full in the "Iron Age " of February 25.

The estimate of the production of pig iron for 1868,

is 1,603,000 tons* as follows :

Tons.

Anthracite 893,000

Raw coal and coke 340,000

Charcoal 370,000

Total • • • 1,603,000

The product by States was as follows

:

Anthracite.
Pennsylvania 671,955
New York 160,681

Other States 60 , 364

Total 893,000

Raw Coal and Coke.
Pennsylvania 194,000
Ohio 132,000
Other States 14,000

Total 340,000

Charcoal.
New England 30,000
New York 27,400
Pennsylvania 59,600
Maryland 25,000
Ohio 86,000
Michigan 65,000
Other States 77,000

Total 370,000

The estimated value of the pig iron made in the
United States last year, at the average price at
the principal market for each kind of iron, was
S ,000,000.
The product of the forges and bloomeries in the

country during the past two years was as follo.ws

:

1868.

Tons.
7,500

23,000
6,200

33,500
5,000

1867.

Tons.
New England 8,462
New York 22,634
New Jersey , 5,980
Pennsylvania 31,747
Other States 4,250

Total 73,073 75,200

Estimating the proportion of the above product for

1863, made direct from the ore, at one-half, or 37,-
600 tons, a proportion found by careful analyses for

previous years to be correct, we find that the grand
total production of iron from the one in 1868 was
1,640,600 tons.

The product of the rolling mills in 1868 is estimated
at 1,105,000 tons, an increase of 63,000 tons over the
production of the previous year. This increase was
chiefly due to the larger production of rails amount-
ing last year to 506,714 tons against 462,108 tons ill

1867.
Of the total domestic production of pig and rolled

and hammered iron, as previously stated, the follow-
ing are the quantity and value shown with reference
to the various kinds of products:

Quantity.
Tons of 2000 lbs.

Foundry pig 575,000
Rails 500,714
Boiler and plate 111,462
Nails and spikes 149,000
Bar, rod, band, hoop, &c,

axles and other rolled iron 337,824
Hammered iron 22,000

Average
value.

$22,425,000
34,384,148
15,047,370
16,390,000

35,048,850
3,960,000

Total 1,702,000 $127,255,368

* Tuns in M cases 2,030 lbs., unless specially stated othei-
wiie.

The total production of steel in 1868, including

8,500 tons made by the Bessemer process, is estimated

at 30,000 tons. The capacity of our steel works is

amply sufficient for all the requirements of the coun-
try. The excellence of American steel, and its

adaptability for every purpose to which this material

is applied, can no longer be questioned. No reason-

able argument, therefore, can be advanced against

such additional protection as this interest demands,
and which will redound to the advantage of the con-
sumer no less than the producer.
The following are the quantities and values of the

various kinds of iron and steel, and manufactures
thereof, imported into the United States during the

last fiscal year, comprising the twelve months ending
J une 30, 1868 :

Quantity.
Tons of 2000 lbs. Value.

Pigiron 118,042 $1,810,482
Castings 32,674
Bar iron 66,383 2,906,231
Boilerplate 1,000 73,221
Band, hoop and scroll iron 15,878 672,2^4
Railroad iron 228,277 4,781,575
Sheetiron 15,821 1,187,644
Old scrap iron 72,908 1,283,269
Anchors, cables and chains of

all kinds 4,306 315,183
Steel ingots, bars, sheets and

wire 1,705,337
Manufacturing of iron and steel 8,728,955

Total 522,615 $23,496,835

Later figures than the above, however, are obtained

by a reference to the reports of the British Board of

Trade, that for the eleven months ending November
30th, 1868, having recently come to hand. By it we
observe that during that period 93,073 tons of pig

iron were exported to this country, a falling off, as

compared with the corresponding months of 1867, of

34,910 tons, and exhibiting a slight increase as com-
pared with the importations of lh>66. Of bar, angle,

bolt and rod 43,383 tons were shipped hither, against

46,171 tons in 1867 and 68,376 tons in 1866.

One of the most prominent features of the iron

trade during the past year was the very heavy im-
portation of railroad iron, amounting during the

period above named to 278,035 tons, being 101,820

tons, or about 58 per cent over those of 1867, and
169,603 tons, or 156 per cent over those of 1866.

Supposing the quantity shipped to this country in

the month of December to equal the average monthly
shipments of the previous eleven months, the total

quantity for the year would be 303,000 tons, or nearly

forty per cent of the whole consumption of the coun-
try—a quantity largely exceeding the importations

of any year in the history of the country, excepting
1853-54. The total quantity of iron of all kinds ex-
ported to this country from Great Britain during the

eleven months being 438,305 tons, against 391,526

tons in 1867, and 313,957 tons in 1866. Of steel we
imported 16,700 tons, a quantity somewhat less than
during either of the two preceding years. Of the

whole quantity of iron exported from Great Britain

during the eleven months ending November 30th,
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1868, about 24 per cent was shipped to this country.
The percentage of each kind sent hither was as fol-

lows: of pig iron, 16 per cent; of bar, angle, bolt

and rod, 14 per cent; of railroad iron, 46 per cent;
of eastings 11.} per cent; of hoops, sheets and boiler

plates, about 12 per cent; other wrought iron, 3 per
cent; of steel, 53 per cent.

The value of iron and steel and manufactures
thereof, exported from the United States during the
last fiscal year was $9,114,740, as follows:

Quau' ty! Value,
(cwi.)'

Pig iron

Castings
Bar iron
Boiler plate

Band, hoop and scroll

iron ._

Railroad iron
Sheet iron

Anchors, cables & cable
chains

Nails and spikes
Manufactures of iron
and steel

Manufactured in

United Stales.

7, 331

5,112
3,580

ISO

53,072

Quan'ty
(ewt.)

B 14, 022
18,815
22,515

1,304

371,317

8,521,437

$8,049,410

Of Foreign
Manufacture re-

exported.

746
42

20
14,000

501

Value.

,035
,755
291

97
,097
,022

8,046

131,987

8165,330

The Ellershausen Patent.—The specifica-
tion of Francis Ellershansen, of Ellershause,

and Augustus E. Stayner, of Halifax, Nova Scotia,
and Adolph Guzman, of New York, N. Y., Letters
Patent No. 84,053, dated Nov. 77,1868, for "Im-
provement in the Manufacture of Iron and Steel,"
is as follows :

" The nature of our invention relates to the pro-
duction of iron in a new and useful condition, suitable
for the general purposes of the manufacture of iron
and steel, and combining the advantages of improved
quality and diminished cost. To enable others
skilled in the art to make use of our invention in the
manufacture of iron and steel, we will proceed to
describe our method of operation, and the results
attained thereby.
"Our process consists substantially in mixing

together cast iron and an oxide or oxides in such
manner and in such proportions as to produce a solid
(as distinguished from a fluid) mass, one, and either,
of them being in a solid condition, and the other of
them in a fluid state, by reason of heat applied to it

previously to such mixing. We shall, in this specifi-
cation, describe more particularly our process as
applied to the treatment ef melted cast iron with
solid oxide. We use cast iron, either taken directly
from the blast furnace, or remelted ; and for the
oxidizing agent, iion ore, crushed or pulverized, may
be most conveniently employed, although we do not
desire to restrict ourselves to the use of any particular
oxide. The mixing may be effected in any suitable
receptacle or mould, of such dimensions as will give
to the resultant mass the desired shape and size. An
ingot mould in two pieces, united and held together
by bands, will answer the purpose.
" In the bottom of this mould we first place a small

quantity of iron ore, so that the mixing may com-
mence as soon as the melted cast iron is introduced.
We then pour into the mould a stream of liquid east
iron, and, simultaneously therewith, a stream of
finely-crushed or powdered ore, keeping the flow of
each as stoady as possible, and stirring them con-
stantly with a tool (preferably made of wood), so as

to effect an intimate admixture. Care must be taken
that there shall be fully enough ore for the operation.

It will be found that on this admixture the liquid

cast iron instantly becomes pasty, and then solid,

so t'lat as the materials are poured in and mingled,
a solid (as distinguished from a fluid) mass is

built up until the mould is full, llemoving the full

mould, and supplying a fresh one continuously, the
operation is kept up until the whole of the cast iron

has been operated on. On opening these moulds, by
removing the rings and wedges by which the sections

are held together, the mass formed therein is turned
out. This mass is a loose, spongy ingot, from which
the excess of ore which has not combined with the
cast iron will shake out.

" To the material thus formed we have given the
name of " pig bloom," if cast in a mould or other
such receptacle, and preserved in the shape thus
acquired ; but if the ingot be broken up small, or if

this material be formed in such a manner as to con-
sist of smaller pieces, flakes, granules, plates or

scraps, then we call it "pig scrap." This "pig
bloom," and "pig scrap," will be found to be
mechanical mixtures or conglomerates, consisting of

particles or grains of cast iron, of ore, of perfectly
converted wrought iron, and of still other particles

in various intermediate conditions. But if there have
been tolerable skill and care exercised in mixing,
the mass will be converted into a condition so nearly
akin to that of wrought iron that it will only need
the judicious application of heat to resume and com-
plete the chemical operations, which having been
commenced in the process of mixing, were arrested

by the cooling of the mass, in order to perfect the

conversion of the cast iron and the ore itito wrought
iron, by the combination of the carbon of the carburet

with the oxygen of the oxide. In fact, this part of

the after treatment is conducted as if the result of

the mixing of the ore with the cast iron were already
pure wrought iron, because the heating which is

given to it during the further working, will supply
all the conditions required for actually producing
wrought or malleable iron. It will also be found,

in practice, that this " pig bloom" and " pig scrap"
are capable of enduring, without damage, a very
great exposure to heat, both in intensity and dura-
tion, and thus the impurities can be sweated out of

the metal to an extent which is not possible by the

old methods of iron metallurgy, or at least not
without great expense.

"The making of the pig bloom, or pig scrap, in

the manner described, affords a convenient and very
efficient means of obtaining the good effects of such
materials as are known to be beneficial, either as

detergents or as alloys, in some of the operations of

iron metallurgy (as in the crucible), but which have
wholly or partially failed to assist in the blast fur-

nace/ the refinery, the bloomery, the puddling fur-

nace, or the Bessemer converter. By combining
such materials with the pulverized ore, they enter

into intimate mechanical admixture with the mass of

the pig bloom or pig scrap during the process of

"mixing," before described, aud being thus im-
prisoned in the mass, and subjected for a long time
to a heat too great for them to endure as solids, they
must either escape as fluids or gases, or else become
chemically incorporated with the iron.

" Instead of " mixing" by pouring the streams of

finely-crushed ore and of fluid cast iron simultaneous-
ly into a mould, the same result, substantially, may
be reached by scattering the cast iron on the bed of

ore, or by delivering it on a moving surface, upon
which ore may be placed before or after the metal is

deposited ; or, indeed, a variety of methods may be

devised whereby to bring the fluid cast iron and the
solid ore into a contact sufficiently intimate to pro-

duce a conglomerate of the character hereinbefore

described. The method of operation may also be
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varied by employing the oxide or oxides in a melted
state, and the east iron, granulated or otherwise

finely divided, in a solid as distinguished from a fluid

state, mixing them in such manner as to produce the

conglomerate desired.
" Iron ore or oxide of iron, has been described as

the oxidizing agent in our process, but we do not con-

fine our invention to the use of that material, as other

oxides may be used in combination with or in lieu of

it. We are aware that the removing of the carbon

of cast iron to a greater or less degree, by means of

oxides, is not new, and that the mixture of solid

oxides with fluid cast iron is performed in the pud-
dling furnace, and in other operations ; but this is

done under other conditions, and with different

results. But the novelty of our process consists in
j

mixing solid oxides into and among fluid cast iron, or

of fluid oxides with solid cast iron, granulated or I

minutely subdivided, in such a manner and in such I

quantity as to produce a solid conglomerate of the
j

two substances, and also in effecting this mixture,
and producing the resulting pig bloom or pig scrap,

|

without the application of other heat than that of
j

the fused cast iron or oxide, as the case may be,

thus dispensing with the use of a furnace for any part

of the process of mixing after the melting of the cast

iron or oxide, whichever of them is used in a fused
condition.
" It will be found that the material thus produced

may be used in like manner as any wrought-iron of

similar shape, so that when raised to a welding heat,
the pig bloom, manufactured as hereinbefore descri-

bed, may be pressed, squeezed, hammered, rolled, or

worked in any of the methods employed in the treat-

ment of wrought iron, and with like results, except-
ing that the article of wrought iron produced by our
process is superior in quality to that obtained in the

ordinary way.
" What we claim as our invention, and desire to

secure by Letters Patent, is

—

" 1. As a new article of manufacture, pig bloom,
or pig scrap, being a conglomerate of cast iron,

oxides, wrought iron, and particles of matter more or

less nearly approaching one or other of those sub-
stances, produced by admixiDg, and bringing in con-

tact with fluid cast iron, oxidizing substances in a
solid state, in such a manner and in such quantity
as to produce a solid condition of the mass.
"2. The mixing of cast iron with an oxidizing

agent, one or other of which is rendered fluid by heat
applied previously to such mixing.
" 3. The production of wrought iron from cast iron,

by mixing with the latter, while fluid, a sufficient

amount of oxidizing material to produce a solid con-
dition of the mass.
"4. The production of wrought iron from oxides

of iron, by mixing the latter with molten cast iron

to such an extent as to produce a solid conglomerate
of the two.
"5. The employment of detersive agents and useful

alloys, by mingling them, or either of them, with
the oxides used in the process hereinbefore described,
so that they shall become part of the conglomerate,
and have such intimate contact and connection with
the mass as to produce their proper chemical effects

when it is afterwards subjected to the action of heat.

Welding Power.—A powder of the following
composition, recently patented in Belgium, is

said to be very useful for welding iron and steel to-

gether. It consists of one thousand parts of iron

filings, five hundred parts of borax, fifty parts of bal-
sam of copaiva or other resinous oil, with 75 parts of
sal-ammoniac. These ingredients are well mixed to-
gether, heated and pulverized. The process of welding
is much the same as usual. The surfaces to be welded
are powdered with the composition, and then brought
to a cherry-red heat, at which the powder melts,

when the portions to be united are taken from the
fire and joined. If the pieces to be welded are too
large to be both introduced at the same time into the
forge, one can be first heated with the welding pow-
der to a cherry-red heat, and the others afterwards
to a white heat, after which the welding may be
effected. Another composition for the same object
consists of fifteen parts of borax, two parts of sal-
animoniae and two parts of cyanide of potassium.

—

Thrse constituents are dissolved in water, and the
water itself afterwards evaporated at a low temper-
ature.

Analysis of Bessemer Steel at the Dif-
ferent Stages of the Process.

Iron

:

Graphite
Combined car-

bon
Silieium
Phosphorus. .

.

Sulphur
Manganese . .

.

Copper
Iron

Slag:
Silica

,

Alumina.. .,

Oxide of iron

(Protoxide).
Protoxide of

manganese .

Lime
Magnesia
Potash
Soda
Sulphur
Phosphorus. .

.

3.180

.750

1.960
.040

.018

3.460
.085

90.507

2.465
.443
.040

trace.

1.645
.091

95.316

40.95
8.70

.60

2.18
30.30
16.32

.18

.14

.34

.01

46.78
4.65

6.78

37.

2.98
1.53

trace.

trace.

.03

.04

.909

.112

.045

trace.

.429

.095

98.370

51.75
2.98

5.50

37.90
1.76
.45

trace.

trace.

trace.

.02

d.

.087

.028

.045

trace.

.113

.120

99.607

.234

.033

.044
trace.

.139

.105
99.445

46.75
2.80

16.86

32.23
1.19
.52

traces

traces

traces,

.01

47.25
3.45

15.43

31.89
1.23
.61

traces

traces

traces

.01

a. Gray pig (63 Austrian cwt. 83 pounds) and blast
furnace slag.

b. After the first period ; slag from the converter.
c. After the second period ; slag from the con-

verter.

d. At end on turning down ; slag from the con-
verter.

e. Finished product after addition of recarbonizer-
slag from converter.

First period ceases when long bright flame appears.
Second period ceases, as long bright flame begins

to grow darker.

—

Kupelmeser, Oest. Zeitsckr.. 1867,
No. 23.

Chromium in Rail Heads.—The London
" Mining Journal " states that an improved

metal for the manufacture of rails has been proposed,
consisting of iron with an admixture of chrome ore.
It has long been known that an alloy of about 40 per
cent of iron and 60 per cent of chromium scratches
glass almost as deeply as the diamond ; and Fremy
has stated that an alloy of iron and chromium may
be formed by heating in a blast furnace oxide of
chromium and metallic iron ; it resembles cast iron,
and scratches the hardest bodies, even hardened
steel. Experiments, says this authority, are now
being made at four of the largest rail mills in the
United States, in order to test the value of an alloy
of chrome ore and manganese, with the iron in the
puddling furnace, for hardening rail heads, and with
every prospect of a successful result.
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^Treatment of Steel Plates.—The tensile

1 strength of a steel plate, with proper degree of

hardness, should give an ultimate strength of 33 to

35 tons per square inch. The denser the metal the

more injurious: the effect of punching. Steel plates

of from 33 to 35 tons per square inch tensile strength,

suffer more by punching than iron plates of from 20

to 22 tons per square inch, unless the steel plates are

annealed after being punched.

Effect of Annealing the Plates.—The plates which

had been punched were annealed, when the tensile

strength of plate arose to 35.86 tons per square inch

or to its original strength. The mean results obtain-

ed of experiments of strength of drilled plates riveted

together, and of punched plates annealed and rivet-

ed together—plates off of same piece—gave for drill-

ed plates 41.075 tons per square inch, and for the

punched 41.24 tons per square inch, showing the

punched plate when annealed to be equal to the

drilled, if the latter is properly annealed. Plates

were 5-16 inch thick, rivets 9-16 inch diameter, 1|

center to center, and double riveted.

Mr. Henry Sharp found the effect of drilling and
punching steel plates to be as follows:
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1 D....
1 P....
2 D....
2 P....
3 D....
3 P....

5-16
5-16
5-16
5-16
5-16
5-16

0.5437
0.55625
0.55
0.5625
0.5466
0.5593

tons. cwt.

19 3

14 17
20 10

13 5±

19 18
12 m

35.22

37.27

36.40

26.690

23.735

22.570

Thus -proving that punching deteriorated the ten-

sile strength of steel plates, 5-16 inch thick, to the

extent of from 26.4 to 37.8 per cent, as compared with

drilling, or on an average of 33 per cent. On exam-

ining a section of steel or iron plates which has been

punched, it will be found that the metal is more or

less hard and brittle around the hole (the thicker and

harder the plate, the greater the distance).

Effect of Taper Punching on Steel Plates.—Plate
i inch thick, cut in two, one piece, punched with a

punch | inch diameter, clearance being 1-16 inch hole

in die. The other plate was punched with the same

punch, but clearance in hole being 3-16, making a

taper hole in the plate. The ultimate tensile strength

of plates, unannealed after being punched, was for

the taper hole 32.527 tons per square inch of net sec-

tional area; for the straight hole 26 tons, being 25

per cent in favor of the taper-punched hole, the frac-

ture of the taper-punched plates being more fibrous

than the other.—Am. Railway Times.

The Production op Pig-Iron.—The estimat-

ed production of pig-iron in the principal iron

making countries of the old world is as follows :—The

figures refer to the year 1865, which is the latest date

for which complete 'returns are obtainable. In the

United Kingdom 613 furnaces made 4,768,000 tons;

France, 430 furnaces, made 1,195,000 tons; United

States, 260 furnaces, 1,150,000 tons; Belgium, 52

furnaces, 450,000 tons; Russia, 300,000 tons; Aus-

tria, 314,000 tons; Sweden and Norway, 253 fur-

naces, made 246,000 tons; Italy, 37,500 tons; Spain,

60,000 tons.

History of Smelting with raw Bituminous
Coal.—Early in the seventeenth century, min-

eral coal was introduced as a substitute for charcoal
in the manufacture of iron ; but, the first experi-
ments with raw coal being unsuccessful, the process
of coking or charking was discovered, and for a con-
siderable time held secret. It was still believed,
however, that coking not only added expense, but
wasted fuel, as modern experiments have abundantly
proved ; and attempts to use raw coal were not
wanting. In 1651, a special act of Parliament
granted to one Jeremy Buck a patent " for making
iron with stone-coal, pit-coal or sea-coal, without
charking. " Of the success of his operations we
know nothing, but presume they resulted in failure;

at least, so far as bituminous coal was concerned. A
review of this part of the subject will be found in

Webster's reports of English patent cases, under the
head of the celebrated Crane case. Crane's patent
(Sept., 1836) was for the use of raw stone-coal; and
it was disputed on the grounds, among others, that
he used bituminous coal also, and that the whole was
covered by the ancient patents of Buck and others.

This plea opened up an extended historical argu-
ment.

All these early experiments were made with cold
blast, and they were not sufficiently successful to

effect a discontinuance of the use of coke. Indeed,
it became a maxim among iron-masters that raw
coal decreased the product of iron. But after the
year 1831, when the use of the hot blast was made
more general, the introduction of raw pit-coal began
in earnest.

The foregoing is from the " American Journal of

Mining." A letter from Col. Chas. Whittlesey to

the same journal says: The first use of raw bitumin-
ous coal in a stack furnace is claimed to have occurred
in 1845, on the waters of the Shenango, in western
Pennsylvania. A furnace built the same year on the
Mahoning, another branch of the Beaver, just over
the State line, in Ohio, made iron with raw coal; and
immediately other works sprang up on both rivers,

all using the " block," or Brier Hill coal, and all

making an article superior to any coke or anthracite
iron in America or England.

The Cellular Structure of Iron.—It is

stated that a crystalline malleable iron does not
show prisms is its fracture, but simply a number of
faces of planes crossing the cells at right angles, cut-
ting them off short. The process of rolling iron into

plates or sheets does not obliterate these cells, but
merely modifies them, as they widen out under the
pressure; the thin partitions become laminated,
and on the regularity of this lamination the quality
of the plate very much depends. The cell S3'stem of
copper is more perfect than that of iron, a result of
the pouring of the copper into molds, but the cells

are afterwards altered by the pressure in rolling, &c,
but never destroyed. If it were possible to make a
section one-millionth part of an inch in thickness
these cells would be seen.

The Wilson Furnace.—The reported produc-
tion of E. B. Wilson's pudd.ingfurnace is sixteen

hundredweight of coal to the ton of puddled bars,

running night and day. This shows a great saving
over what has been used as a general thing in Eng-
land, or wherever coal is cheap; but it is not so eco-
nomical as a double puddling furnace built in the Cold
Brook Iron Works, St. John, N. B., by Mr. John
Wilson, an English furnace builder. This furnace
made 42 tons ten hundredweight of six-inch bars
(Scotch pig iron) with 27 tons of coal, half Cumber-
land and half Pictou, equal to twelve hundredweight
and three-quarters to the ton of 2,240 pounds.— Cor.
Scientific American.
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ORDNANCE AND NAVAL NOTES.

BREECH-LOADING SMALL ARMS.—Oil this Sub-
ject the " Engineer" says:

The great question of breech-loaders for military

purposes seems to have reached its most important
point, and already seems to lose a large share of in-

terest accorded to it by the general public. The year
1867 was one of great change; last year was rather

one of routine. The Small Arms Committee, at

"Woolwich, after having, early in the year, adjudi-
cated the premium to Mr. Henry, set about their task

of choosing a rifle for permanent use, either by avail-

ing themselves of the complete design of some candi-
date for Government remuneration, or by adapting
the chief features of several into one perfect weapon.
To perform their task efficiently they would neces-
sarily have to institute a long course of experiments
of great value in the aggregate, but of little general
interest. Thus their time Las been occupied for the
year, and we believe we are correct instating that in

al! probability their report will be published this

month.
The report referred to has now been published.

The "Army and Navy Gazette" thus comments upon
it :

We understand that at length the report of the se-

lect committee on breech-loading firearms has been
sent in, and it appears, as stated by us several weeks
ago, the arm selected is a combination of the Martini
action, modified by the committee themselves, and
the Henry barrel. Without ourselves impugning this

decision, we must, at the same time, sav that,
among very competent men, there is great doubt that
such a combination will recommend itself either to

military men, or those conversant with the adapta-
tion of mechanical principles. We may briefly state

a few of the objections to the Martini action. 1. A
spiral spring has never been found to work with cer-

tainty in any arm yet tried. From its nature it is

weakest when the blow is given to the cap; and the
more the spring is expanded in the act of striking,

the less its force, so that the impact partakes more of

the nature of a sharp push than the actual blow ne-
cessary to ignite the fulminate in a cup. 2. There is

always a certain amount of gas which combines the

wax used as lubrication for the ball, and also round
the cap itself. It is evident a portion of this is con-
tinually finding its way into the interior of the block
through the opening in which the piston works, as

well as at the slot, where the spiral spring acts on the
trigger. This will necessarily tend to clog the spring
and weaken its already uncertain action. 3. In in-

tense cold—such as is found in Canada and other
parts of the world, where the thermometer is fre-

quently from 50 to 60 degrees below freezing point,

and at other times from 90 degrees to 100 degrees
above it—the condition of the steel in the spring
•would be so altered that it would be very liable to

snap, and be rendered useless at the very time it

might be required to act; and however easy it may
appear to replace the spring in a workshop, it is not
so in an exposed cold place, amidst falling snow, or

in the face of an enemy. 4. The front part of the
block is obliged to be made with convex face, and in

consequence is tangent, and not parallel to the disc

of the cartridge, therefore does not back it up as it

should do. The result is that the arm is dangerous
from the unsupported cartridges bursting, and the
pieces of brass foil, of which the cartridge cases are
made, being blown into the face of the soldier firing

the arm. We understand that this has been endea-
vored to be overcome, by adding a spring to the
block to force the face of it up to the cartridge, but
this, it is held, would only add to the risk of clogging,
and eventually render the arm useless until taken to

pieces and cleaned by an armorer. 5. In loading the

arm, should the trigger by any chance be caught in
the dress or accoutrements of the soldier, it would
not act. When the block closed the arm would, in
all probability, be fired, as the whole force of the
spring would be in the cap instead of being held back.
6. The breech-block works on a small pin, and, should
this pin be too soft, it would soon wear loose and ren-
der the block still more dangerous, by causing it not
to support the disc of the cartridge even at the point
already named. If too hard, it would be liable to
snap under the influences of the weather; the blows
given by the constant firing would also alter the na-
ture of the iron, by causing it to return to its crys-
talline state. 7. Extracting the empty cartridge
case is effected in this arm by giving a smart pull
forward to the trigger-guard when opening the
breech. If at any time the pull is not sharp enough,
the cartridge case sticks half way, and cannot be got
out of the chamber without using the ramrod, and,
on the other hand, should the pull be too hard, the
empty case is apt to be sent into the face of the sol-
dier firing, or that of his rear rank man. 8. The
stock of this rifle is in two parts, which must weaken
and unfit it for the rough usage of actual service. On.
the whole, we are assured that this arm is no im-
provement on the Peabody rifle, which has already
been rejected. Nay, inasmuch as it has the manifest
disadvantages of the spiral spring action, the latter
weapon is held to be superior, and it is maintained
that a rifle, on a bolt principle, will be found, for a
military weapon, more safe, simple and effective,
conclusions which have been arrived at by two of the
greatest and most scientific nations on the continent—France and Prussia. There can be no doubt that
the Henry barrel is a most accurate one, but whether
it is well adapted for the rough usage of a military
arm is a moot point.

In Prussia, says the "Journal Official," the results
of a comparative trial which took place in the School
of Musketry, at Spandau, amongst the breech- load-
ers adopted by the different armies, were, according
to the official report, the following: The Prussian
needle gun can fire 12 shots a minute, the Chassepot
11, the Snider 10, the Remington (Denmark) 14, the
Peabody (Switzerland) 13, the Woenzi (Austria) 10,
the Werndi (same State) 12, and the Winchester re-
peating rifle (United States) 19.

In France the failure of the Chassepot and needle
guns is announced. A correspondent of the "Army
and Navy Gazette" says: The French and the Prus-
sian Governments, after repeated experiments, car-
ried on at a great cost, have arrived at this conclu-
sion, and admit the fact—that the Chassepot and the
needle gun (both on the spiral-spring principle) are
useless for the central-fire cartridges, which they
have now determined to adopt. Another authority
informs us that the French Government have ceased
to manufacture the Chassepot, and taken to the
Remington instead. The Remington—the only rifle,

by the way, which Prussian military men think su-
perior to the Zandnadel—has been likewise intro-
duced into the Danish and Swedish services.

American Rifles Abroad.—During the past
year, Messrs. Remington & Sons, of Ilion, N. Y.,

have made 86,000 of the "Remington" breech-load-
ers of various styles, to fill foreign orders, and are
now engaged in the manufacture of 40,000 " Berdan"
breech-blocks for a Spanish contractor, to be used
for the conversion of old muzzle-loaders, or to be
applied to new guns, in Spain. We learn by a letter
from Paris, written by one who ought to know, that
orders are expected shortly from various European
governments for about a million and a half of breech-
loaders, and five hundred millions of cartridges. The
greater portion of these orders will doubtless come to-

this country, and Messrs. Remington will undoubtedly
receive a large share.
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War Rockets.—At a recent meeting of the
Manchester Literary and Philosophical Society,

a paper was read on war rockets by Mr. J. Nasinyth,
C. E. Mr. Nastuyth observed: It may be well to

allude to the means that have been employed in the

endeavor to secure to war rockets rifle action or pre-
cision of flight. These consist in placing the rocket

in a V-shaped trough, by which the direction and
inclination of the rocket is suitably secured previous

to commencing its flight, and so far holding the

rocket fair in the direction of the object aimed at.

Besides this, an endeavor is made to give the rocket
axial rotation during its flight by causing the propul-
sive gases, while issuing at the rear of the rocket, to

rush through skew holes. This latter arrangement
does, to a certain extent, give to the rocket axial ro-

tation. But, as axial rotation given by such means
does not come into effective operation until the rocket
has proceeded a long way on its course, it comes into

action too late to have any influence in securing pre-
cision of flight. In order, then, to effect our object,

I place the rocket inside a tube, into which it slides

freely; to this tube, which serves to secure the aim
of the rocket, I give, by mechanical means, an axial

rotation of some thousands of re olutions per minute,
which is transmitted to the rocket then resting within
it. The rocket, while thus revolving on its axis at

the high velocity above named, is then fired, and so

rushes forth from its guide tube impressed with all

the conditions of a perfect rifle projectile, and, as

such, with every condition present that can secure its

reaching the object aimed at. The mechanical means
and arrangements by which I propose to effect the

object in question consist of a suitable iron stand,

supporting the rocket and its guide tube, the latter

resting on loose friction wheels, which, while preserv-
ing with the utmost exactness the direction of the
axis of the guide tube and rocket, permits the guide
tube and rocket to revolve on its axis with all due
facility. The requisite amount of axial rotation is

conveyed to the guide tube, and thence to the rocket
resting within it, by means of a powerful clock spring
transmitting its rotation to the rjcket through a tran
of wheels. Previous to firing the rocket the second of

this train of wheels is locked by a catch or trigger;

the string is then wound up, and the aim and eleva-

tion of the rocket adjusted. The match of the rocket
is then lighted, and in order to secure energetic com-
bustion of the rocket ere it is allowed to rush forth on
its course, the roeket is held in check by three slight

springs within the guide tube at the rear of the
rocket, by means of which it is not permitted to rush
forth until the proper energy of discharge of piopul-

sive gases has been acquired. As soon as this is the

case the rocket frees itself and then rushes forth im-
pressed with and possessing every condition of a true

rifle projectile, combined with all those important
properties which rockets possess as implements of

war™

Failure op Large Breech-Loading Can-
non.*—Says the "Army and Navy Gazette":

There are serious rumors abroad respecting the new
marine artillery. Somewhat more than a j'ear ago
France arrived at a different conclusion to that of

most other nations, and " went in " for large breech-

loaders, with which she immediately armed her fleet.

The breech would be difficult of description; suffice it

to say that it is unlocked and removed on a movable
platform. In a great many instances this apparatus
has broken down during practice, and several guns
have been altogether condemned. The strain of

heavy charges has proved too severe a test on the

mechanism, which gets out of order, and renders the

piece difficult to be loaded or entirely useless.

* See " Ordnance and Armor." pages 530 and 60S, for de-
scription of.these guns, and predicted failure of large breech-
loaders.

As to tho Armstrong guns, the " Army and Navy-
Journal" says: The English War Department, after
spending millions of money on the Armstrong breech-
loading-wrought-iron-coil-riiled gun, knighting its
inventor, and growing almost wild over their toy,
have now finally abandoned the last vestige of tho
Armstrong system. It may, therefore, be stowed
away among the relics of the past. Some patriotic
loyal Americans, it will be remembered, took the
Armstrong infection, and subscribed a handsome sum
of money to present a battery of these guns to us,
in the early part of the war. They seemed to be
grieved that we had to trust to our simple smooth-
bore muzzle-loaders, when such a triumph of artil-
lery-making was in existence. And some of our
(present) English friends and admirals subscribed
even more liberally to furnish the rebels with a lot of
these guns, and others got into the Southern forts in
various ways, so that they used to turn up every now
and then when we took a Confederate stronghold.
And yet, alas! their course is even now run ! The
British War Office has issued an order, intimating its

purpose to withdraw all the breech-loading rifled
guns and substitute muzzle-loaders. We learn from
"Engineering" that the Ordnance Select Commit-
tee, at the request of the superintendent of the Royal
Gun Factories, had been called upon by the War De-
partment to decide on the peculiar construction upon
which the 12-pounder, 9-pounder and 7-pounder rifled
muzzle-loading guns, estimated for 186S-'69, are to
be manufactured. They replied, subject to the Sec-
retary of State for War's approval, that the 12-
pounder and 9-pounder guns should bo made in
accordance with the tracings already approved to
guide the manufacture of the experimental 12-
pounder muzzle-loading gun, recently tried at Shoe-
buryness, with a view to the determination of the ele-
ments of rifling for these guns, as well as of the 12-
pounder and 9-pounder experimental guns ordered for
trial on board Her Majesty's ship Excellent.

European Iron-Clad Fleets.—The North
German iron-clad fleet consists of five ships, viz :

two cupola ships with 3 guns, two ships mounting
16 and one mounting 24 guns. All the guns are
rifled breech-loaders of Prussian construction. Four
of the ships are of iron. The King William, the
largest of the five, has a tonnage of 5,939 and engines
of 1,150 nominal horse power. The thickness of the
plates used for these vessels varies from 4^ to 8
iuches.
" Les Luttes de l'Autriche en 1866," lately pub-

lished, states that the Austrian sea-going iron-clad
fleet consists of two frigates of the first class, three of
the secord, and two of the third. They carry an
aggregate of 213 guns and 2,592 men. There is also
an iron-clad battery of position, with an armament
of sixteen guns and a crew of 229 men. The same
publication gives the strength of the Italian iron-
clad fleet at four frigates of 36 guns, four of 26, and
three of 22 guns each, one ram with 2 guns, two cor-
vettes of 20 guns, two s'.oops of 4 guns, and two bat-
teries of 12 guns each—in all eighteen vessels, with
an armament of 388 guns and an equipment of 7,358
men.

JTrupp's 11-inch Gun.—The 11-inch steel gun
made by Krupp for the Russian Government, is

the largest breech-loader that has ever stood a prac-
tical test. The gun weighs 26 tons, and has no pre-
ponderance. The rifling is 36 grooves of 770 and 788
in. pitch, 0.135 in. deep, and 0.64 (muzzle) to 0.79
(chamber) wide. The projectile weighs 495 lb. ; the
charge 824 lb., giving an initial velocity of 1,360 ft.
per second. The number of test rounds was 400,
with substantially the above charges. The Prussian
and the Belgian Governments have lately ordered a

[ large number of Krupp's 9-inch guns.
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The Government and Inventors.—The fol-

lowing circular, issued by the British Govern-

ment, will be specially interesting in view of the cur-

rent investigations, reports and general excitement

on the subject among inventors interested in improv-

ing 'war material

:

"In consequence of the numerous claims for com-
pensation for loss of time and for expenses incurred

by private individuals in working out inventions of

various kinds, as well as for rewards in consequence

of such inventions, the Secretary of State considers it

necessary to make known the following regulations:

"1. Persons who desire to submit any invention

for consideration should do so by letter, addressed to

the Under Secretary of State. The letter should de-

scribe the invention, and state whether the person

who offers it for consideration desires to make any
claim to remuneration in connection with it. In the

absence of such a statement it will be assumed that

no such remuneration is expected.
"2. Expenses incurred before the submission of an

invention will not be considered to give a claim for

repayment. No liability on behalf of the public will

be recognized on account of loss of time, or expenses

incurred in connection with an invention after such

submission, unless authority for such expenses has

been previously given by letter signed by one of the

Under Secretaries of State; and the liability will be

strictly confined to the limits of expenditure author-
ized in such letter.

"3. All claims for reward will be examined by a
council to be held at the War Office, and if any re-

ward be recommended by the council and approved
by the Secretary of State, the sum will, with the

concurrence of the Treasury, be included in the esti-

mates, together with the report of the council ; but it

will not be regarded as due or be paid to the claimant
until after the vote is passed by the House of Com-
mons.

"4. No claim for reward will be held to be estab-

lished unless the invention has been adopted into the

service or substantial benefit to the public has re-

sulted from it."

The Armies of Europe.—The following state-

ment of the nominal strength of the armies of

Continental Europe was not long since given by Baron
Kuhn, in the Austro-Hungarian Parliament :

France.
Army 800,000
Mobile Nation-

al Guard 550,000

A ustro - Hungarian
Monarchy.

Regular forces,

inclu'g navy
& reserves .. • 800,000

Total 1,350,000 ! Border troops . 53,000
— Landwehr 200,000

North German Bund.
Standing army 843,394
Landwehr .... 185,552

Total 1,028,946

South Germany.
Standing army 156,760
Landwehr .... 43,411

Total 200,171

North and South Germany
together.

Total 1,229,117

Total 1,053,000

Russia.
Field army, in-

cluding army
of the Cau-
casus

Local forces .

.

Irregulars ....

827,350
410,427
229,223

Total 1,467,000

Italy.

Army 348,461
Mobile Nation-

al Guard, in-

cluding Ve-
netia 132,300

Total 480,461

1'he Moncrieff Ststem.—We are glad to he
able to announce that the Moncrieff contrivance

for mounting heavy artillery has been definitively

accepted by the Government. Hitherto, as our
readers are aware, a 6^-ton gun is the heaviest which
has been mounted on this system; but if it is to bo
really useful, it will have to be employed with much
heavier ordnance, and steps are to be taken at once
to apply it to a 12-ton gun, as a step towards its fur-

ther development. Captain Moncrieff has been
treated with a prompt liberality. He is to receive,

first, a sum of money sufficient to cover the cost of

his models and his preliminary expenses. Secondly,
he is to receive payment for the time that he has de-
voted exclusively to the public service (about two
years, We believe), at the rate of £1,000 per annum,
which rate of pay is to continue so long as Captain
Moncrieff is engaged in rendering assistance in mak-
ing and completing designs for the application of his

system, and in superintending the construction of his

carriages. Thirdly, he is to receive £15,000 as a re-

ward for the invention, and for the use which may be
made of it in Her Majesty's service, either afloat or

ashore, in any modification or combination. Captain
Moncrieff on his part is required to undertake to com-
municate fully and unreservedly all improvements
which he may deem practicable ; in fact, to give the

benefit of his knowledge of this particular subject to

the country. Of the sum of £15,000, £10,000 is to be
paid at once, the remaining £5,000 when the inventor
ceases to draw his salary of £1,000 a year. These
terms, we say, are liberal, and no doubt they will so

bo generally regarded; but they are not excessive.

—

Engineering.

The Palmer Shell.—A series of trials with
a new shell, designed by Mr. Palmer, have re-

cently been commenced at Shoeburyness. The shell

is formed with a solid head and a base plate, the in-

termediate body being built up of a series of rings
with serrated edge, which fit closely one upon the
other, and together form a short cylinder; a through
bolt, tapped at each end, passes through the solid

head and the body of the shell, and is bolted to the
base, holding the whole together. At the upper end,
channels are cut in this bolt, to receive the fuze and
communicate the fire to the bursting charge. The
upper end of the through bolt is not flush with the
point of the shell, but is recessed sufficiently to allow
of the introduction of the fuze, which theretore abuts
upon the top of the bolt, and cannot be driven into

the shell at the moment of impact, as happens at

present in the service shell. Two forms of shells

were supplied by Mr. Palmer for the first trials at
Shoeburyness, the one having a conical, the other a
hemispherical head. The bursting charge was in-

t. oduced through a hole in the bottom plate, which
was afterwards closed with a gun-metal plug; the
shells were fired from a 64-pcunder rifled muzzle-
loading gun, with the service charge of 8 lb.

Ten-inch Armor Plates.—The 10-inch rolled
armor plates for protecting the four 22-ton 600-

pounders which will be mounted in the two turrets of

the iron-clad armored turret ship Monarch, 7,510
tons, 1,100 horse power, have arrived at Chatham
dockyard from Sheffield. The plates are the largest

ever yet operated upon at Chatham dockyard, each
being 19 ft. in length, and weighing rather more than
12 tons. The process of bending the plates has been
carried out by means of Westwood and Baillie's pow-
erful hydraulic plate-bending machines, each plate

having been bent to the arc of the circle it is to occu-

py on the turrets without giving signs of the slightest

flaw. The plates will lose about two tons each while
in the factory, the space occupied by the turret gun
ports being cut from each.
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RAILWAY NOTES.

IVJotes on Cheap Railways.—The following ob-

1\ serrations, by M. Desinonsseaux de Giore, C. E.,

on this important subject, from the " Correspond -

ant," will be of interest to m.my of our readers at

the present moment

:

A railway is determined by two elements, which
are, to a certain extent, independent of each other,

namely, the weight of rails and the gauge : the

weight of rails determines that of the engines ; the

gauge determines (according to the usual speed

of traffic) the radius of the curves. On the prin-

cipal lines of England and the Continent, the rails

weigh about 36 kilogrammes per meter (72| lb.

per yard), and bear engines weighing 12 to 13 tons

per axle; the gauge is about 1.50 meters (nearly 5

ft.), the radius of the curves being limited conse-

quently to 500 meters (25 chains) on lines of rapid

trafic, and to 300 meters (330 yards) on branch
lines. The average cost of these lines is from
200,000 to 500,000 francs per kilometer, i. e. :

Per kilometer. Per mile.

For the great English lines, 545,000 fr. £35.000
" French 305,686 19^647
" Belgian .... 230,000 15,000

In authorizing the construction of local interest

lines, the French Administration has usually stipu-

lated (at least as a condition of the State or de-

partment subsidy) that the great lines should have
power to run their carriages over them; this clause

has made the gauge of 1.50 m. compulsory, to-

gether with a minimum weight of rail of 18 kilos.

per meter (36^ lb. per yard) ; but it soon became
necessary to raise this weight to 25 kilos. (50| lb.

per yard) in order to adopt sufficiently powerful
engines. The gauge being 1.50 m., it was necessary

to limit the radius of curves to 300 meters, so as to

avoid an excessive resistance. To such conditions,

the cost per kilometer is usually between 100,000

and 110,000 francs (£6,440 per mile). It can be

reduced, but not with safety, to 60,000 francs

(£3,900 per mile). A frequent cause of excessive

prices is the common prejudice against gradients, to

reduce which expensive viaducts and works are

incurred. But if engineers adopt steep gradients,

and especially if they avoid joining the new lines

with the old ones, they can reduce indefinitely the

gauge and width of rails, and, consequently, the

price per kilometer. For instance :

1. The railway from Breelthal (Prussia) : gauge.

0.78 meters (2^ ft.); weight of rails, 10^ kilos, per

meter (21 lb. per yard); cost, 23,000 francs, in-

cluding rolling stock; the radius of curves is 38

meters (414. yards); the line is 20 kilometers (12

±

miles; long; it occupies one side of the carriage

road; the engines, loaded, and ready to start, 12

tons, with 6 wheels.

2. Railway of the sugar works (beetroot) at

Tavaux-Pontsericourt, in the department of Aisne :

two railways; gauge, 1 meter (3 ft. 3| in.); width

of rail, 13 kilos, per meter (26.J lb. per yard) ; cost,

28,000 francs (£1,800 per mile), including all stock.

Engines on four wheels weigh 7 A tons, loaded; ra-

dius of curves, 30 and 40 meters (33 and 44 yards)

.

The ground is very rugged; the section shows fre-

quent gradients of 0.015 to 0.025, then long gradi-

ents of 0.050 and 0.060, and even one of 0.075;

on a length of 300 meters (330 yards.) Messrs.

Moliuos and Prosnier, engineers of the line, and
managers of the sugar works, might, but for the

exceptional natural difficulties, have reduced the
cost to 20,000 francs (£1,300 per mile). These
lines are made on the side {accotement) of the
vicinal roads. The legal formalities by which the
necessary powers were obtained were very simple,
the "' communes " consenting to abandon to the
company a strip of land of 1 meter in width on the
side of the road, with power to add 1 meter to it.

The two railways of Tavaux-Pontsericourt traverse
two villages, without causing any inconvenience to
the inhabitants. The legal formalities and con-
struction were all completed for the greater part of
the lines in six months.
The following cheap railways are described by

Messrs. Flachat and Gosehler, in their Exhibition
reports :

3. Four Norwegian railways : gauge, 1.07 meters
(3 ft. 6 in.) ; weight of rail,* 20 to 22 kilos. (43 to
48 lb. per yard); weight of engines (four wheels)
loaded, 17 tons; total length of lines, 300 kilome-
ters (186 miles.)

4. Commentry and Monttucon line : gauge, 1
meter (3 ft. 3| in).

5. Antwerp and Gand line : gauge, 1.15 meters
(3 ft. 9£ in.). 16 trains run daily on this line at a

speed of from 40 to 60 kilometers (25 to 36 miles
per hour). In 1865, nearly 500,000 passengers
were conveyed on it.

6. Mondalazac Railway, established by the Or-
leans Railway Company : gauge, 0.75(2 ft. 5 in.)

;

weight of rail, 16^ kilos, per meter (33^ lb. per
yard); radius of curves, 40 meters (44 yards);
weight of engines (four wheels), loaded, 9 tons.

7. Festiniog Railway, near Caernarvon : gauge,
0.61; weight of rail, 15 kilos.; length, 21 kilome-
ters; gradients, 0.0167; radius of curves, 40 meters;
weight of engines, loaded, 7w tons; speed of trains,

16 kilometers per hour. From 1862 to 1863, this

line was worked by horses. By using locomotive
engines, the working expenses have been reduced
22 per cent.

This line is completely described in the " Engin-
eer " journal.

8. Line built by Mr. Ramsbottom, C. E., at the
Crewe Works of the North Western Railway

:

gauge, 0.46 meters (1 ft. 7 in.); radius of curves, 4
meters (4^ yards); speed of train, 10 kilometers (6£
miles per hour); weight of engines (4 wheels), 14.

ton. A similar railway on the accotement of a road
would certainly not cost 15,000 francs per kilometer
(£1,000 per mile).

9. The Mont Cenis Railway, with central rail,

invented formerly by M. Seguier, and re-invented
by Mr. Fell : gauge, 1.10 meters (34ft:); gradients,

0.015.

Among the broad gauge* railways, the cheapest
are :

1. In Scotland, according to a Swiss engineer,
Mr. Bergeron, ten cheap railways, length from 10
to 30 kilometers (6 to 18 miles); cost, including
rolling stock, from 73,000 to 145,000 francs (£4,700
to £9,400 per mile). Established ten years ago;
others have probably been added since.

2. Vitre and Fougeres Railway, 36 kilometers
(224 miles) in length; constructed by M. Debauge,
at the rate of 67,500 francs (£4,400 per mile), in-

cluding all stock. If the directors had not had the

* There is only one gauge in the original railway system
of France, namely, 1.44 meters (5 ft. Si in.). This js called
broad as compared to those described above, but is very dif-

ferent from what we call the broad gauge.
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unfortunate idea of connecting this line with the
" Ouest," they could have reduced the expenditure

to 56,000 francs (£3,600) per mile.

The above instances are sufficient to show the

absurdity of constructing, as French companies are

doing now, unproductive railways at a cost of

400,000 francs per kilometer (£26,750 per mile).

—

Railway News.

I^XTENT OF OUR RAILWAYS CONSUMPTION OF

!i Rails.—The following statistics are from the

late able and interesting report ofHenry McAllister,

Jr., Secretary of the American Iron and Steel

Association

:

Miles.

The number of miles of railroad (includ-

ing second track, sidings, &c.) in use

December 31st, 1868 52,550

Total increase for 10 years ending De-
cember 31st, 1868 16,536

Total increase for last 5 years 9,418
Average annual increase for the last 10

years 1,654
Average number of miles in use for 10

years ending December 31st, 1868 . .

.

43,123

Tons.

Iron required in laying 43,123 miles

averaged at 90 tons per mile, 3,781,070
tons, which at 6| r.er cent for aver-

age annual wear, gives iron required

for renewal of track ' 259,948
Iron required for last 10 years for re-

newing track 2,599,480
Iron required for last 10 years for new

track, 16,536 miles, averaged at 96

tons per mile 1,587,456

Total consumption of railroad iron for

last 10 years 4,186,936
Iron rails imported for 10 years ending
June 30, 1868 1,015,685

Quantity of rails manufactured in the

United States during the last 10 years. 3.171,251

Average quantity of rails imported per

annum for last 10 years 101,568

Average domestic production per annum
for last 10 years 317,125

Total average annual consumption for

last 10 years. (About 62 per cent of

the consumption of rails is required

for renewals and 38 per cent for new
track; 318,693

Importation of rails for year ending
June 30th, 1868 228.277

Production of American mills for vear
ending December 31st, 1868 '.

. . . 506,714
Increase of importations on average of

10 years 126,709
Increase of domestic production on av-

erage of 10 years 189,589
Net increase of consumption in 1868,
upon annual average of last 10 years . 316,298

It seems to be the impression, particularly among
those whose observations do not extend beyond our
great trunk lines, that the percentage of rails worn
out during each year is much greater than that
given above, but this cannot be the case unless all

the estimates that have been made of the number of
miles of railroad in the country have been greatly

exaggerated. It must be remembered that whilst

many of the rails on main lines near our great rail-

road centers are worn out in a single year, there are

thousands of miles of track in the Southern States

and in the thinly settled portions of other sections

that last over twenty years. In England, the actual

waste of iron rails by grinding, oxidation and loss, is

said to amount to 20,000 tons a year, while about
250,000 tons require to be taken up and re-rolled.

As the, number of miles of road there, including

second track and sidings, may be safely put down at

23,000, it follows that the average wear and tear of
track amounts to 10.36 per cent per annum. Even
in that country, where the destruction of track is so

much greater than here, we are told that on some
lines of light traffic, rails frequently last twenty
years, while on lines near London which are under
constant and heavy work, many miles of track re-

quire re-laying in less than twelve months.

British Railway Accidents.—In the year 1867
the railway companies of the United King-

dom paid £317,379 as compensation for personal
injury, 209 persons having been killed, and 795
persons injured; nineteen passengers were killed,

and 689 injured from causes beyond their con-
trol, and seventeen were killed and eight injured

through their own misconduct or want of cau-
tion. Fifteen servants of railway companies or
of contractors were killed, and 62 injured from'

causes beyond their control, and 90 were killed

and 28 injured through their own misconduct or

want of caution; ten persons were killed and two
injured at level crossings; 57 trespassers were
killed (six were suicides), and five injured. In
the six years 1862-67 the railway companies paid
£1,460,568 as compensation for personal injury

done upon the railroads. In those six years 1.268

persons were killed upon the railways, and 4,426
injured; and among them were 112 passengers
killed and 3.897 injured without any fault of

their own, and 97 passengers killed and 29 injur-

ed owing to their own misconduct or want of cau-
tion The risk of life in railway traveling may
be expressed thus : In the year 1867 one in about
eight and a half million passengers was killed—

-

namely, one in every sixteen millions from causes
beyond his control, and one in about every
eighteen millions from his own misconduct or
want of caution.

|Vt ew Iron Railway Bridge in Italy.—MM
l\ Cail &. Co. have contracted with the Upper
Italy Railway Company for an iron girder biidge to

be erected over the Po at Pontelagoscuro. The
length of the bridge will be about 1,400 ft., with
four spans of 247 ft. and two of 206 ft. It will be
a single line, and supported by two lateral double
lattice continuous girders, distant 15 ft. The piers

and abutments will be sunk with iron caissons and
compressed air. The weight of the superstructure

will be 1,267 tons, and the price £24 per ton. Be-
sides that, the price of each pier will be £4,720.
There have been for this contract six competitors,

all very large firms of France or Belgium.

Economy of Railway Transportation.—On a
common road, wheat would consume its own

value if carried 350 miles, while by rail it can be
carried 3,000 miles at a profit. Railroads multi-

ply by 10 the distance from any grain market at

which its wheat may be raised. The same re-

marks apply to other productions, such as ores.
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T) ailways in Canada.—After some years of in-

XV action the minds of the Canadian people seem

to be again undergoing agitation on the subject of

railways. "We have several times in this journal

made reference to the proposed narrow-gauge lines,

and it appears that the promoters of them are work-
ing energetically to accomplish their ends; it is

sincerely to he hoped, however, that before they

come to actual construction they will reconsider the

whole matter and determine to adopt the gauge of

the country. A Canadian correspondent writes to

us concerning these lines as follows

:

" One thing they are doing, however, which can-

not fail to produce a healthy feeling in the public

mind, and to convince people here that if they wish

for railway accommodation, themselves must lead

the way. The promoters of the narrow-gauge lines

are thoroughly canvassing every municipality inte-

rested for aid by bonuses to their several projects,

and they are meeting with a large measure of suc-

cess. The principles they are endeavoring to instil

into the minds of the people may be briefly stated

as under : That the lines will be a vast and immedi-
ate service to the districts they pass through and
will accommodate ; that the country is too sparsely

populated to warrant the assumption that they

would pay in themselves as a commercial invest-

ment; that to insure the construction, at least one-

third of their estimated cost should be a free gift

from the municipalities; that they believe and hope
one-third more can be raised in stock, and, if so,

that no difficulty should be experienced in raising

the remaining one-third, in the debenture bonds of

the road. Whether they are right in the last im-
pression or not, it is not for me to say, as they have
issued no prospectus nor given the outside public

any means of judging what their prospects of traffic

are.

"The Port Whitby and Port Perry Railway
scheme was chartered at the same time as the two
narrow-gauge railway projects, but the directors of

this line have wisely eschewed the error of depart-

ing from the established gauge of the country. This

road will be about twenty miles in length, its south-

ern terminus in Port Whitby on Lake Ontario, and
its northern terminus in Port Perry on Lake Scu-
gog; it lies wholly within the county of Ontario,

and for its entire length will be of the utmost value

as a thoroughfare for that important county, and
will realize a considerable amount in local and
thorough traffic. But the staple trade of the line

will consist in its traffic in sawn lumber, Lake Seu-
gog, with Port Perry at its head, forming a collect-

ing depot for a vast chain of inland lakes and rivers,

whose shores abound in pine timber of a very valu-

able description. It is estimated that this vast lum-
bering district will for a long series of years yield

large supplies of timber for the American markets,

while the lakes and rivers alluded to afford water
conveyance of the cheapest character to the north-

ern terminus of this railway, while the railway itself

affords the shortest "portage" to Lake Ontario

f om whence the lumber will be distributed to the

various markets in the United States. Already
the directors have had written contracts offered

them for freight amounting to forty millions of feet,

board measure, of sawn lumber annually; while in

the prospect of the road being built numerous saw-
mills are now being erected, depending on this rail-

way as an outlet for their manufactures."

—

Engin-
eering.

(Iost of Bkitish Railways.—Ten years ago, the
J Brighton Company's system was 180 miles in

length, and had cost eight and one-third millions, or
£40,250 per mile, bince then the mileage has
doubled, being now 305 miles, and the capital has
more than doubled, standing now at about twenty
millions. Mo less that five and a half millions of
capital were raised between 1802 and 1800, and this
without increasing the gross receipts by more than
about 15 per cent. Yet as long ago as 1854, with
but £7,090,000 of capital raised, the gross receipts
were upwards of £085,000, whereas in 1800, with
twice and half the capital, they had increased to
but £1,190,000, or by but little more than one-half.
The whole system of 305 miles has now cost nearly
£55,000 per mile, on the average of the main line,

extensions, and branches.
It will not be long after the meeting of Parlia-

ment, before it will be shown beyond disproof

—

although, of course, not beyond dispute—that a
new main line can be made to Brighton at a total
cost, including land (the latter alone taken at about
£14,000 per mile), of only £35,000 per mile, and it

can be as clearly shown that the first class fare
between London and Brighton need not—and if an
Act be obtained fixing the fare shall not—exceed
6s. for the 50 miles.

—

Engineering.

Business of the World's Railways.—Accord-
ing to the calculations made by the Government

Statistical Office at Berlin, the number of passen-
gers conveyed daily by the railways of the world
amounts to three millions, and the quantity of goods
to twenty-seven millions of ceutners, or a million
and a half of tons. Also 58,000 telegrams are for-
warded, and four millions of letters delivered every
day. The daily gross receipts of the railways are
8,000,000 florins; they possess 40.000 locomotives,
1,200,000 carriages and vans, and give regular em-
ployment to a million persons. The aggregate
length of the telegraph wires would, if united, reach
to the moon and back again.

English Railway Carriages.—The long eight-
wheel carriages of the Metropolitan railway

weigh, with their gas apparatus, about sixteen
tons, empty. The first class carriages seat 56
passengers; the third class, 80. A few four-wheel
carriages are now being made of half the length
and capacity, to weigh about seven tons each.

—

There will be a moderate saving of weight, but at

the sacrifice, perhaps, of some degree of steadi-
ness.

Belgian Railway's.—In eight years the charges
on goods on the Belgian State railways have

been lowered on an average 28 per cent; the public
have despatched 2,700,000 additional tons of
goods, they have economized upwards of £800,000
on the cost of carriage, and yet the public trea-

sury has realized £231,240 profit, after having
paid the cost of working and the interest of addi-
tional capital.

Anew Gauge. — It is proposed, among the
schemes for improving London traffic, to make

an open railway, with a three-feet gauge, from Is-

lington to the Moorgate Street station of the Under-
ground Railway.

Railways in Hindostan.—Four thousand miles
of railway have been completed in Hindostan,

and one thousand more are projected or commenced.
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KEW BOOKS.

Description' op Richards' Improved Steam
Engine Indicator; with Directions for its

Use. Second Edition Enlarged and Revised.
By Charles T. Porter. London : Longmans, Green,
Reader, and Dyer.

This is really a treatise on steam and the steam
engine. " Engineering " reviews it in a long article

from which we extract the following: Most engineers
are familiar with a class of works which, whilst pro-
fessing to be technical treatises or handbooks, are in

reality nothing more than neatly worded advertise-
ments or puffs of some particular machine or inven-
tion. To such books as these, that forming the sub-
ject of the present notice presents a remarkable
contrast.

Mr. Porter has divided the second edition of his

work into three parts, about half of the second part
and nearly the whole of the third being entirely new.
The first division comprises four sections, devoted
respectively to an explanation of the nature and use
of the indicator, to remarks on truth in the diagram,
to a description of the Richards' indicator, and to

directions for applying and taking care of the instru-
ment. After explaining generally the action of the
indicator and the object to bo attained by its use,
Mr. Porter enumerates the various sources of error
which may operate to produce an incorrect diagram,
and points out the means by which they may be
avoided.
The second part of the book is divided into two

sections, the first being devoted to directions for as-
certaining from the diagrams the power exerted by
the engine, and the second to instructions for clcu-
lating from the same data the amount of steam con-
sumed. Both these matters are treated most com-
prehensively and clearly; and to this part are ap-
pended tables of the areas of circles; of hyperbolic
logarithms; and of the properties of steam. These
latter, which are very complete, have been prepared
by Mr. Porter from the results of the experiments of
M. Regnault, these results having been oonverted
into English measures.
The third part of the work, which we consider to

be even more important than those which precede it,

is divided into five sections bearing the following
headings : 1st, Observations on the several lines of
the diagram; 2d. On the conversion of heat into
work in the steam engine; 3d, The rotative force
exerted upon the crank the same for all equal di-
visions of the diagram; 4th, The diagram not a true
representation of the pressure on the crank; and,
5th, Of the motion of the piston as controlled by the
crank through the medium of the connecting rod.
The second section of the third part, that devoted
to a consideration of the conversion of heat into work
in the steam engine, is entirely new, and it forms,
without exception, the clearest description of the
mechanical theory of heat and of the action of steam
during expansion that we have yet met with. Mr.
Porter's remarks are illustrated by a series of exam-
ples carefully worked out, and the theoretical action
of the steam deduced from these examples is com-
pared with that which is shown by the indicator to
take place in practice. In the next section, Mr.
Porter shows that the rotative force exerted upon the
crank being the same for all equal divisions of the
diagram.
The fourth section of the third part, like the two

which precede it, is quite new, and It treats on a
subject of the greatest practical importance, namely,
the influence exerted by the inertia of the moving
parts in modifying the transmission of power from
the piston to the crank at the different parts of the
stroke. This is a matter to which Mr. Porter has
devoted a great amount of attention, and the facts
which he points out are worthy of being most oare-

fully studied, particularly by those interested in the

construction of high speed engines.
The last section of the book treats, as we have

said, of the motion of the piston, as controlled by
the crank, through the medium of the connecting
rod, and it is accompanied by a most elaborate series

of tables, showing, for different lengths of connecting
rods, the motion of the piston corresponding to each
degree of motion of the crank. These tables, which
must have cost Mr. Porter an immense expenditure
of time and trouble to calculate, give each result to

seven places of decimals, and they are arranged in

a novel manner. Each table is composed of four

columns of figures disposed in concentric semicircles,

the position of each particular result in these semi-
circles corresponding to the angle to which it relates.

Altogether the book is one which no engineer en-
gaged in the construction of steam engines should be
without; and least of all those of our profession

—

and they are now a numerous class—who are interested

in what has been termed "high-speed engineering."

The History and Progress of the Electric
Telegraph, &c. By Robert Sabine, C. E.

London : Virtue & Co.

" Our language," says " Engineering," " is cer-

tainly becoming rich in the technical literature of

telegraph}''. For years it remained almost a barren

waste. Mr. Culley first broke the spell, and the

success of his work is shown by its having rapidly

reached a third edition. Mr. Sabine succeeded, and
latterly Mr. E. Bright and Mr. Latimer Clark have
enriched the science with very valuable additions.

The work before us is a second edition of the first

portion of the larger work by Mr. Sabine that was
published in 1867, and was reviewed by us in our
number of February 15th of that year. Its price

and size are both reduced. It forms part of Weale's
admirable rudimentary series. Much has been added,

some parts rewritten, and a good deal expunged.
Altogether it is a considerable improvement upon the

original, and it is a book which should be in the

hands of every telegraphist, for it supplies a gap un-
filled by Culley or Clark."
But the reviewer does not agree with the author

as to the respective oredit due to the fathers of tele-

graphy. What the reviewer says on this subject will

be read in this country with, as the French say, an
" uneasy interest." It is as follows :

" We do not wish to diminish one iota the credit

due to Morse for the invention of the simplest, most
perfect, and most universal telegraph in existence;

but we protest against his being allowed priority of

claim. We do not object to his immortality. If

ideal conversations are to rank as inventions then

should Galileo be oalled the inventor of the telegraph.

"Morse acknowledges having first received the

conception of a telegraph in 1832; Wheatstone had
been studying the subjeot years before this. Cuoke
and Wheatsione's telegraph was patented in the

early part of 1837, and Morse's in the latter part of

the same year. The first line of telegraph was erect-

ed by them in 1838, and the first line oonstrueted in

the United States was put in operation in the month
of June, 1844. Cooke and Wheatstone's first ' hatch-

ment ' telegraph was a beautiful and praotioal instru-

ment; Morse's first relays weighed 158 pounds, and
required two men to oarry them.

"We oontend that the author's lights in meting

out immortality have not been sufficiently luminous.

We say Cooke and Wheatstone first, Morse a good

second, Steinheil a bad third, and the rest nowhere."

SUGGESTIONS FOR THE SANITARY IMPROVEMENT
op Laborers' Cottages and op Villages. By

William Menzies, Deputy Surveyor of Windsor

Forest and Parks. Loudon; Langmansj 1S68.
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Practical Application of the Slide Valve
and Link Motion to Stationary, Portable,

Locomotive and Marine Engines; with New
and Simple Methods for Proportioning the
Parts. By Wsr. S. Auchincloss, C. E., late U. S.

Commissioner to the Paris Universal Exposition, and
author of Report on Steam Engineering. 8vo. In
cloth; 58 illustrations, with a valve travel scale.

Price $2.50.
This work covers a field heretofore but partially

occupied, and develops the fundamental principles

of a subject over which, in many minds, hovers a
cloud of doubt and uncertainty. Such a sense of

vagueness is especially felt when one attempts to

follow the intricate motions of a link, and to deter-
mine what effects different radii, as well as modes of

suspension, must have on the character of the valve
motion. It also sorely perplexes the student of steam
engineering to discover some fixed principle by which
he can at all times instantly determine for a simple
slide valve and ports what dimensions will satisfy

certain conditions, without following the tedious pro-

cess of either substituting trial ones in several for-

mula, and solving the same over and over again until,

perchance, the right valves are reached, or of placing
them on a model and noting their effects; or worse
yet, by the geometrical construction of a number of

ellipses. The first part of the work before us readily
solves all such difficulties by means of an ingenious
diagram called the "Travel Scale," from which the

engineer can directly measure one after another of

the desired dimensions with perfect confidence as to

the result. Having explained the nature of the fixed

single eccentric motion, illustrated with indicator
diagrams the manner in which the action of its valve
is affected by the angularity of the connecting rod,

and furnished simple means for correcting the same,
the author treats of the adjustable eccentric, which
he makes introductory to the general subject of link

motion. His method of investigating the latter is

purely a process of geometrical construction. He
enr.irely rejects the idea that algebraic or trigono-

metric formulas are capable of here rendering any
practical assistance. The plan of procedure is clearly

defined and many means explained for varying the

results. As the true radius of the link and position

of the center of suspension are thereby determined
with the greatest ease, the draughtsman can with its

aid quickly scheme a satisfactory link motion with-
out resorting to an expensive link model. The shift-

ing, stationary, Allan and Walschaort link motions are

consecutively examined, and their points of simi-
larity compared. The subjects of independent cut-
off, clearance, friction, etc., have likewise received
due consideration. To the draughtsman, master
mechanic and student of steam engineering this little

work will prove a most invaluable assistant, not only
preventing the occurrence in designs of mortifying
mistakes, but greatly economizing the time of execu-
tion.

Exposition
- Maritime Internationale du

Havre. 1868. Rapports du Jury Inter-
national. London: Johnson & Sons.
The rapidity and completeness with which the jury

reports of the Havre Maritime Exhibition have been
published presents a striking contrast to what we
have hitherto been accustomed- It is compiled in

two languages—English and French—and contains a
complete list of awards as well as the reports of the
juries. As to its accuracy we are not in a position to

speak, but there can be no doubt of its excellence in

a typographical point of view. Every care appears
to have been taken to ensure correctness, the proofs
having been submitted for final revision to the presi-

dent and reporter of every class or section, they be-
iag held responsible for the accuracy of the awards
and the motives assigned for them. The original in-

tention of the promoters of the Exhibition was that it

should follow immediately the "Universal" at

Paris, and be supplementary to it. The docks at

Havre enabled the jurors to establish a species of

competitive examination of vessels afloat, and to test

the improvements that had been made of late years
by inspecting, not merely models on a large scale,

but the ships themselves. With few exceptions, all

foreign nations, England especially, co-operated by
sending liberal contributions. A very novel feature

in the Havre Exhibition was the election of the jurors

for each class by the suffrage of the exhibitors, an
arrangement which proved highly successful. The
compilation of this work, containing nearly 600
closely printed pages, must have been a task of con-

siderable difficulty and responsibility. The mode in

which it has been accomplished is highly creditable

to the publisher, to whom the undertaking was en-
trusted by the Commission of the Exhibition.

—

Engi-
neering.

Tiie Royal Engineer. By the Rt. Hon. Sir

Francis B. Head, Bart. London: John Mur-
ray, 186y.

Sir Francis Head certainly deserves well of the
Royal Engineers. He has visited Chatham, and has
inspected the Mounted Engineer Train at Aldershot,
and has committed the results of his investigation to

print. It is well that somebody has done so, for

otherwise the solid work which is done by the most
scientific branch of the army might have passed un-
noticed. We now know the composition and working
of the photographic and electrical school at Chatham,
as well as the whole means which are adopted at the
Royal Engineer establishment to train the sappers
and miners of the British army in photography, sur-

veying, field works, and the construction of entrench-
ments. Sir Francis Head describes the Royal Engi-
neer ab ovo. He relates how he is first admitted into

the Royal Military Academy at Woolwich, educated
there, and in a chrysalis state transmitted to Chat-
ham, where he completes his practical and technical

instruction. He even describes the various schools at

the Engineer establishment, at which the non-com-
missioned officers and men are prepared for their

several duties. Each different species of them re-

quires a separate training and separate instruction.

The draughtsmen, the surveyors, the photographers,
the electricians, are all subjected to diverse treat-

ments, which are clearly recounted in the book before

us. Those who wish to find all that pertains to the
preparation of both officers and men of the Engineers
for their duties both in the field and at the desk, as

well as any who are interested in the requirements
for obtaining a commission in that corps, will derive

much value from Sir Francis Head's work.— The
Engineer.
A large, carefully prepared work on military en-

gineering; octavo; 4U0 pages.

ThiE Elements op Heat and op Non-metallio
-L Chesiistry. By Fred k Guthrie, A. B.(Lond.),
Ph. 1>., F. R. S. E. London: Van Voorst. 1868.

Mr. Guthrie evidently thinks that even elementary
treatises like those of Balfour Stewart are of too diffi-

cult a character, and that works like that of Lardner
are too general for the requirements of the London
University. He has, therefore, attempted to com-
pile a book which, while avoiding the mathematical
details of higher treatises, should bring together, in.

clear and intelligible language, the leading pheno-
mena and laws of heat and of non-metallic chemistry.
His endeavors have been in some measure successful,

and in some degree also have failed in their purpose.
For instance, while he has treated the subject of heat
in accordance with the aim he had in view, he has
fallen short of his aim in dealing with the chemistry

of the non-metallio elements.—Popular Science Rev.
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MISCELLANEOUS.

Macuine Building in Europe.—There are

many and large—some of them very large

—

engineering establishments upon the Continent, and
they appear to be busy, busier than works of the

same class in England. Besides the large engine

works of the French government at Indret, near the

mouth of the Loire; and the large railway workshops
of the six great French railway companies, there are,

in Paris, the works of Cail and those of Gouin, em-
ploying at times, the first 2,000 and the second 1,000,

or more, men. There is the great establishment of

Schneider ot Co., at Creusot; the fine locomotive

works (we have none better nor larger) at Fives, near
Lille; the large works of Andre Koechlin & Co., at

Mulhouse ; the Graffenstadten works on the Rhine
;

and, as for marine engine-makers, besides those at

Indret, and Schneider & Co's, the large works of

Mazaline & Nillus at Havre, and those of the Medit-
erranean Company at Marseilles. The Creusot works
alone employ between 9,000 and 10,000 workpeople
in all departments, and few of the others named em-
ploy less than 1,000, and some of them very many
more.

In Belgium there are the great Societe John Cock-
erill, employing many thousands of hands, the Couillet

Company, the Societe St. Leonard, and others. In
Ilolland there are the large iron ship-building and
engineering works of Paul Von Vlissingen & l)udok
Von Heel, at Amsterdam. In Switzerland are large

works at Zurich, viz: those of Escher, Wyss &, Co.,
cf which Matthew Murray Jackson, an English engi-
neer, is manager; and in Bavaria aie the large bridge
building works of Klett & Co., of Nuremburg. and
the smaller engine works of Mallei, at Hirschau, near
Munich. There are extensive engine works also at
Carlsruhe, in Wurtemburg, and there are machine
making establishments of various degrees of magni-
tude scattered over a large portion of the Continent.

Borsig, of Berlin, some time since turned out his

2,400th locomotive; he sent his 2,000th to the Paris
Exhibition. Experts speak in high terms of the
character of Borsig's workmanship, ranking it much
above that of the French and Belgian engineers. He
employs steel very largely, much of it of his own
manfacture, and he gives a high degree of finish, not
only to the working parts, but to some others which
with us are painted. His contracts are largely upon
Russian account. Borsig's large iron works at Moabit,
four miles out of Berlin, have been converted into a
great boiler factory, and his iron makers are being
transferred, to the extent of one thousand families of
workpeople, to a new establishment in Silesia.

Hartmann, of Chemnitz, in Saxony, now employs
1,800 men and boys, and is constructing machinery
of almost every olass. He has lately built an erect-

ing shop, to receive thirty-five locomotives in a single

row, and, allowing no more than sixteen feet from
center to center of pits, this building must be upwards
bf 550 feet long. His make of engineers 1

tools, cotton

and woolen machinery, turbines, &c, is very large.

Patents.—About 4,000 " provisional protec-
tions " are granted yearly at the British Great

Seal Patent Office, the protections granted being
within, perhaps, a dozen or so of all tho applications

made. Of these protections only about two-thirds
pay the additional £20, whioh gives them the foroe

or' a patent. At the end of three yoars from the
original grant the patent lapses unless £50 more be
paid, and at the end of seven years from the grant
£100 more must be paid to continue the patent for

the full term "f fourteen years. In the year ending
September 30th last, 14,163 patents, re-issues and
protections of designs were granted by the United
States Patent Office. Over 2Q

3
00Q were applied for.

fPiiE Introduction or Steam Fire Engines.—
X Steam power for extinguishing fires was in use in
manufacturing establishments many years before it

was employed on portable machines. Every factory
of any pretensions had its steam-driven pump with
hose and other attachments calculated to reach every
portion of the establishment. About the year 1829
or 1830, Capt. Ericsson, then of the firm of Braith-
waithe & Ericsson, London, England, built and exhib-
ited a portable steam fire engine. In 1842 or 1843
he produced a similar engine in New York city, and
it was tested but never brought into regular service.

The writer remembers a great objection urged against
its use, that it burst any hose that could be made,
which showed that the fault of want of success did
not lie with the machine.
So far as we are informed, the credit of overcoming

prejudice and successfully introducing the steamer in

cities and large towns belongs to Miles Greenwood,
when mayor of Cincinnati, Ohio. Mr. Greenwood,
being a man of great tenacity of purpose and a
thorough mechanic, and having, moreover, the con-
fidence of his fe!low citizens, succeeded where only
failure awaited others; and, in consequence, Cincin-
nati was the first city to adopt the steamer as a per-
manent portion of its fire department force.

The reasons why this most efficient agent—steam

—

was not sooner utilized for the protection of property
from fires, may be summed up in one word, prejudice,
prejudice born of ignorance. Fire and steam career-
ing through the streets instead of inducing confidence
and a feeling of security, inspired terror or created
apprehension. Our municipal authorities, too, are

not generally engineers or mechanics—and—the
steamer does not vote.

The metropolitan fire department of New York city

numbers 34 steamers of about 50 H. P. each, equal to

185 men, or, in the aggregate, 6,290 men, while the
actual number of men employed, even adding the 12

hook and ladder companies, is only about 550 : thus
relieving 5,740 men from the labors, dangers, and the
exposure of the fireman, and allowing them to become
producers rather than merely protectors of property.
The time is past to question either the superior effi-

ciency or the economic advantages of the steamer
over the hand engine. As well might we return to

the old hand press and the spinning wheel, print our
newspaper editions of 100,000 daily and clothe the
teeming millions by hand labor, as to discard the
powerful agency of steam in the protection of our
property from fires.

—

Scientific American.

TVTew Galvanic Battery.—A new battery is

Li announced as arranged by M. P. Guyot, which
may be useful for telegraphic purposes and electrical

alarms. It consists of a porous earthen vessel filled

with finely-powdered iron ore, in which is plunged a
cylinder of gas retort charcoal and an ordinary ves-
sel filled with concentrated solution of oommon salt,

in which is placed a slip of zinc. The only care re-

quired to keep such a battery in order is to keep the
latter vessel always full of concentrated solution.

—

Further, the solution may be replaced by sand in; -

pregnated with it or by salt in crystals, the humid-
ity of the atmosphere being always sufficie:it to serve

as a solvent. If the latter form be found to answer,
the battery would be extremely convenient on ship-

board, In trains, or wherever there is motion.

A Much Needed Book.—Our publishers have
many inquiries for a work on the American Steam-

boat Engine, containing engravings (not necessarily

costly) and details of valves and valve gear, and other
parts and their working. A took is wanted that will

teach a mechanic having some theoretical knowledge or

a student having some practical idoas, how to set the
valves and operate and maintain this kind of engine
to the best advantage,
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The American" Master Mechanics' Asso-
ciation.— Ur e take pleasure, says the " Western

Railroad Gazette,'' in laying before our readers a
few facts connected with the objects and operations
of the American Railway Master Mechanics' Associa-
tion, now approaching the third year of its existence.

This association is composed of the master mechanics
of the railways of the United States, whose object is

that of improving the motive power of the several

roads which they represent, and also determining the

best and most practical as well as the most economi-
cal system of construction and management thereof.

For this purpose committees are appointed among
themselves to report upon the different subjects con-
nected with their department of railway management.
These reports and the attendant discussions are pub-
lished for the benefit of the railways at large. We
are confident that no mechanical association has been
found comprising a greater degree of practical intel-

ligence ; and when it is borne in mind that this re-

port will embody the combined experience of over
two hundred of the ablest mechanics and engineers of

our country, it will at once be understood how valuable
a text book these reports will make. Mr. L. P.
Dodge is the secretary of this committee, and is now
making the tour of the United States, visiting each
master mechanic, and, in per on, procuring data and
information for the required reports. Perhaps the
most important committee for the coming year is that
upon "boilers," composed of Messrs. Hayes, Illinois

Central Railway; Jauriet, Chicago, Burlington and
Quinoy Railway ; and Anderson of the Chicago and
Northwestern Railway; as it is to take up the ques-
tion of steel plates as a substitute for iron or copper,
and we are informed that thus far the experience of

many of the largest roads is largely and unmistakably
iu favor of its use, especially in coal-burning locomo-
tives. Their next meeting is to be held at Pittsburg
in September, due notice of which will be given.

BLEACHING OF WOOD-PULP FOR PAPER.—M.
Orioli. a French chemist, says, in the " Revue

Hebdomadaire de Chiinie," that the chloride of lime,
if the dose is the least in excess, has a tendency to give
a yellow tinge to the pulp; that all energetic acids,

without exception, tend to gi"e a reddish color to the
paper when exposed for a long time to the effects of
the sun or of moisture, and th it the least trace of
iron is sufficient in a very short time to blacken the
pulp. He says he has succeeded in avoiding all these
inconveniences by the use of the following mixture:
For a hundredweight of wood-pulp, he employs 400
grammes (four-fifths of a pound) of oxalic acid, which
has the double advantage of bleaching the coloring
matter already oxidized, and of neutralizing the
alkaline principles which favor such oxidation; be
adds to the oxalic acid one pound, or a little more,
of sulphate of alumina, entirely deprived of iron.

—

The principal agent in this mode of bleaching is the
oxaiic acid, the power of which over vegetable color-
ing matters is well-known; the alum has no bleach-
ing power of its own, but it forms with the coloring
matter of the wood an almost colorless lake, which
has the effect of increasing the brilliancy of the pulp.

The Effect of Cold on Tin.—It is stated in
a recent number of the "Comptes'Rendus," that

according to Herr Fritgehe, tin exposed at St. Pe-
tersburgh last winter to a temperature of 40° below
zero was converted into a semi-crystalline mas con-
taining cavities like basalt. In masses of tin weigh-
ing fro a: 55 lb. to 66 lb. these cavities in some cases
had a volume amounting to nearly 24 cubic inches.—
According to M. Dumas facts of this kind are no'
faew in Russia; for instance, in one case the pipes of
ft.ehureh organ were so altered by the cold as to be
no longer senorous.

lyTEw Horse Shoe Machine.—Some interest

1M has been excited in Birmingham by a new m icliino

for the manufacture of horse shoes, invented by M.
Bastien, Paris. The principle of the invention is the
hydraulic press. The process is as follows: Immedi-
ately the bar comes red hot from the furnace the iron

is transferred to the rolling mill. Here a movable
piece on which the bar is placed receives an alterna-

tive motion from two pistons of the hydraulic press.

This movable piece presses the bar between two left-

hand sliding surfaces, which impart to it a bend. It

is next very strongly pressed on a die, thus receiving

the definite form, while at the same time the nail holes

are pierced, and by means of a spring the movable
piece recedes and allows the finished shoe to fall out
into a shallow tank of water placed underneath. The
action of the machine suffices to make a shoe at each
motion, forward and back, thus preventing auy waste
of power. The dies and stamps are easy of adjust-

ment, and may be immediately exchanged for the
production of larger and smaller shoes at discretion.

Two pressures are necessary, namely, one of from
four to five atmospheres to produce the form of

the shoe, and another of from 100 to 150 atmospheres
to pierce the nail holes. A movement of from six to

eight strokes per minute can easily be obtained by
this machine, producing as many shoes as strokes.

The success which has attended the invention on the

Continent is likely to be supplemented in this district

by ironmasters at present engaged in the production
of horse shoe bars.

—

The Engineer.

Value of European Patents.—The Ameri-
can origin of an invention is now a recommenda-

tion in Europe, where many of these inventions are
in successful operation, and large fortunes have been
realized by their introduction. Improvements relating

to some- manufactures are of great value in this king-
dom. Mr. Bessemer derives an annual income of

about $2,000,000 from his British steel patents, and
the patentee of a device for dressing mill-stones, by
a revolving diamond, has realized over $1,000,000 the

first year of his patent. The use of a diamond for

this purpose is an American invention, and the esti-

mated value of the exclusive right in England, for

ten years, is §5,000,000. British patents, as a rule,

are the most valuable, but many inventions are

equally profitable in other parts of Europe, and some
are peculiarly adapted to continental wants and cus-
toms.

—

Hazletine, Lake fy Co's Circular.

The California Big Trees.—Within a space
of fifty acres, in the Original Grove, there were

(in 1865), 103 trees of great size, twenty of which
exceeded twenty-five feet in diameter at their base.

The "big tree stump" had room enough for thirty-

two persons to dance four sets of cotillions at the
same time; besides many musicians and spectators.

Across the solid wood of this stump, at b\ feet from
the ground {without the bark, which equalled 15 to

18 inches in thickness), it measured 2o feet. This
glorious tree was sound to its center, and was 302
feet in height and 96 feet in circumference at the
ground. The " Father of the Forest," the largest

tree of the entire group, measured in ciroumference,
at the ground, 110 feet.

G_ermast Locomotive Prices.—Herr Borsig, of
Berlin, has recently received an order from the

Rhenish railway for twelve locomotive engines and
tenders for working passenger or goods trains. The
engines weigh, empty, thirty tons, sixteen cwt. and
the tenders eleven tons, four owt; the prioe of each
engine and tender is £2,625.

The Heaviest Lathe.—The Lowell machine
shop is now bui'ding the heaviest turning lathe

in the country, to weigh seventy tons.



VAN NOSTRAND'S
ECLECTIC

ENGINEERING MAGAZINE

No. V.—MAY, 1869.—YOL I.

PERMANENT WAY.
REPORT OF THE STATE ENGINEER OP NEW
YORK. PREPARED BY S. H. SWEET,
DEPUTY.

From the advance sheets of the Report of the State
Engineer and Surveyor of New York, on Rail-
roads.

The following timely, able and practical

considerations form a part of the State En-
gineer and Surveyor's Report for 1868 upon
Railroads. Official reports upon such sub-

jects are often valuable in their details, but
it is not often that a government engineer

reads a sound, practical lesson to our railway

managers and railmakers. Mr. Sweet obvi-

ously understands the mistakes that have
been made and the ends that should be
sought in both these departments, and he
does not hesitate to characterize them in

plain language. We copy, on this occasion,

his remarks on Road-bed, Sleepers, Joints

and Iron Rails. In a future number we shall

quote the report on the subject of Steel and
Steel-headed Rails.

Increasing Demand for Permanence
of Way.—The statistics of European, as

well as of American railways, clearly indi-

cate that any notable economy of working
and maintenance must be accomplished chief-

ly through the improvement of railway tracks.

The renewal of rails is the largest item in

the cost of maintaining a railway, and the

modern system of running heavy trains by
much heavier and longer engines, is throwing
more work upon the rails every year. The
increased articulation of locomotives, so as to

relieve the lateral strains upon the road and
the individual weights upon the wheels,
though promising well, is yet experimental.

Vol T.—No. 5.-27.

When fully worked out, it will also lead to

a still greater loading of trains, for in the

other departments of working a railway,

economy lies in the greatest possible concen-

tration of power, attendance and labor. So
that, however running gear and steam machin-
ery may be improved, the permanent way of

trunk lines, at least, always will be, and
probably should be, worked to its full capa-

city. In fact, the strength and durability

of a given track is the feature that limits

the amount, and hence the economy of the

transportation that can be done upon it.

But there is another and more formidable

destroyer of permanent way than weight, and
that is speed. The running time of our pas-

senger traffic, instead of being shortened as

the distances to be reached were increased,

has been lengthened, as compared with the

speed of ten or fifteen years ago. What-
ever risks and expenses rival lines may have
adopted in other particulars, they have har-

moniously abstained from running fast trains.

This is a bid for patronage, which the most
reckless manager has not dared to make.
The public have tolerated this state of things

longer than could have been expected. There
is now a general and growing demand for

fast trains. The time of one individual is

worth more than it was when railways were
introduced, and thousands of individuals

travel now where dozens traveled then. In
view of the opening of the Pacific railway,

the development of the vast and growing
States of the far west, and the steady tide

of business and pleasure travel from these

distant regions to our seaboard, the economy
of fast trains is to be counted by days in-

stead of minutes. To meet this require-
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ment, the first and heaviest demand must be

made upon the permanent way. The steam

eno-ine and the vehicle may be adapted to

high speed with comparative ease and econo-

my, but every rail, every joint and every

sleeper, from the Atlantic to the Pacific, and

between all the centers of population, must

be maintained in a condition not only to bear

fast trains safely and smoothly, but to endure

the quadrupled strains and percussions due

to a doubled speed.

Every increment of "work done" upon a

railway, every increase in the weight, number

or speed of the wheels, every economy of

concentrating labor and power, brings an in-

creased demand for endurance directly upon

the permanent way. And, indirectly, the

quality of the permanent way determines the

economy of power of traction and of main-

tenance of engines and rolling stock.

In the construction, of new lines, a vast

economy in earthworks and viaducts may be

obtained by means of heavier grades and

curves, but at the expense of increased wear

and tear of permanent way.

The desirableness, if not the necessity, of

increasing the durability of our railway

tracks, even to meet present demands, is the

truth of all others that our railway managers

do not require to be told. The object of

the foregoing remarks is to remind them
that this necessity, instead of decreasing,

must constantly and rapidly increase, as

traffic grows and railways reach out into

the wilderness.

Drainage, Ballast, Etc.—The im-

provement of the road-bed, by means of

better drainage and ballasting, although of

very great importance, presents no engi-

neering difficulties. The practice and the

economy are well settled, and it is simply a

question of spending a shilling to save a

pound.

Sleepers.—The preservation of sleepers

by chemical processes, is always the subject

of experiment on one or another of our rail-

ways. The practice, however, is not general

in this country, because the mashing of the

rail into the sleeper usually destroys it in

advance of decay. In England, the bearings

of the chairs used (with the double-headed
rail) on every sleeper, are so extended, that

the mechanical injury of the wood is quite

small; prevention against decay— usually

immersion in coal tar—is therefore generally

practised. The insufficient bearing offered

by sleepers to the rails, is thus, directly and
indirectly, the cause of their rapid destruc-

tion. It is stated that placing the sleepers

closer than, say two feet apart centers,

would prevent the convenient tamping of
the ballast. It is objected to the longitudi-

nal sleeper, that the rail, lying parallel with
the fiber of the wood, mashes into it more
easily than into the cross sleeper. These
objections to sufficient bearing, are not in-

herent in either system, but arise from im-
proper construction. Thoroughly good bal-

last would not require continual tamping.
It is even proposed by some of our most ex-

perienced engineers, to cover the ballast with
a coating of coal tar and gravel, to absolutely

exclude water, and thus to prevent not only
decay, but washing, freezing, heaving, set-

tling—all destroying elements but vibration

and wear. In this case, the timber bearings
under the rails should be almost continuous,

to prevent wear both on the ballast and on
the rail. The mashing of rails into timbers,

either longitudinals or cross sleepers, is

largely due to the want of stiffness in the

rails themselves. The low f\ rails on the

Great Western of England, are the most
notable examples of this kind of failure. If

the iron wasted in the thick stem and pear
head of our worst shaped rails, were put into

the height of stem, their resistance to deflec-

tion would be doubled, this resistance being
as the cube of the depth.

There is a growing conviction among en-

gineers, that the longitudinal system will

become standard. It offers twice to three

times as much bearing for the rail as the

cross sleeper system. The whole strength

of a longitudinal is added to the strength of

the rail, considered as a beam to carry the

load. The strength of the cross sleeper in

this direction is wholly wasted. The longi-

tudinal is almost certain to prevent the dis-

placement of a broken rail. This system
has never been tried on a large scale, with a

high, stiff rail. It requires better ballast

and more thorough adjustment than the other

system. Independent points of support, like

the isolated ends of cross sleepers, that can

be blocked up or let down at pleasure, with-

out reference to the rest of the superstruc-

tion, are the indispensable accompaniment of

bad ballasting and imperfect drainage. But
they are unsuited to any system of homoge-
neous, continuous and permanent way.

Iron sleepers are coming into use in coun-

tries where timber is very costly and un-

suitable, and are the subjects of various ex-

periments in England. The great defect of

all imperishable sleepers, whether stone
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or iron, has been want of elasticity. An
anvil under a rail, and especially under a

joint, is almost worse than an insufficient

support. The failure of stone blocks on the

Lowell, Camden & Amboy and various Eng-
lish lines, is often quoted to prove that rails

cannot be laid on a stable and durable founda-

tion. This is a most serious mistake. An inch

thickness of wood between a driving-wheel

rim and a tyre, doubles the endurance of a

wheel ; a quarter of an inch of rubber con-

fined in a suitable chair allows the laying of

rails upon stone blocks, without extraordi-

nary wear. A great range of elasticity, or

a general giving-way of the road-bed are not
required—only an imperceptible yielding to

the minute, but incessant vibrations known
as jarring, which would otherwise destroy
the whole fabric. A pocket cut in a stone

block or cast in an iron sleeper and filled

with a cushion of wood or rubber would
afford all the elasticity required.

Kail Joints.—The selection of joint

fastenings for the ends of rails is somewhat
dependent upon the weight of rail required
and hence upon the traffic. After twenty
years of competitive trial with every variety

of fastening, the simple fish-joint—an iron

splice on each side of the rail—has become
standard in Europe and is gaining ground
here. It is the lightest and strongest fasten-

ing that can be applied, when rails are high
and properly shaped to receive it. The old

difficulty of nuts jarring loose, has been over-

come by the use of elastic washers. Fish-

ing a pear-headed rail three or three and a

half inches high, would be perfectly useless.

For light rails, and for steel rails (to save

weakening them by punching) and as an
auxiliary to the fish-joint, the new Reeves'
fastening—a tight clamp upon the contigu-

ous flanges of two rails, is coming largely

into use. The mere chair or seating for the

ends of rails is no longer considered safe

nor economical for lines of heavy traffic.

Although there is room for farther experi-

ment, it cannot be said that the demand for

a good rail-joint has not been met.

Iron Rails.—Some of the early rails put
down in this country on roads of considera-

ble traffic, lasted over twenty years, most of

this service having been under light vehicles,

but upon indifferent road-beds. These rails

finally wore out—they did not laminate to

any great extent. We have the specifica-

tions by which these rails were made, and
we know the quality of the material put into

them. Good iron without any admixture

of old rails, was welded under the hammer
and then reheated and reworked until it was
made fine grained and compact in the highest

degree.

It is often asked why we do not get such

rails now. The answer is that they are never

called for. It does not appear from any ac-

cessible records, that such a pattern, or-such

a specification, or such a price, or such a ser-

vice have been contemplated in any modern
specification. The old patterns were very thin

and elastic in the head. The pear-head was
an abortive invention to work off bad iron.

The old rails being low and sound, could bend
without injury, but as this extreme deflec-

tion would keep modern heavy vehicles con-,

stantly traveling up hill, heavier rails have
been specified ; 60 and 65 lbs. instead of 40
and 45 lbs. to the yard, thus increasing the

difficulty of manufacture and the stress on
the material.

Better iron rails can be made now than

were ever made before : first, because our
knowledge of impurities, fluxes, processes,

characteristics and requirements has been
enlarged. More suitable and more uniform
iron can be produced. Second, because

forge and rolling-mill machinery is heavier

and better than of old. Greater refinement

and condensation and closer welds can be

made by modern hammers and rolls.

But rails made from suitable iron, such
as would be used for axles and forgings

—

rails rolled from hammer-welded and reheat-

ed piles—would cost nearly as much as steel

rails. In fact, rails of ordinary iron with

heads of puddled steel (which is a high

wrought iron made from the best material)

are sold at $115 per ton.

American railway managers, instead of

offering anything like cost for good iron rails,

have made themselves notorious by establish-

ing as standard, a brand ofrails known all over

the world as " American rails," which are

confessedly bought and sold as the poorest,

weakest, most impure, least worked, least

durable and cheapest rails that can be pro-

duced.* Although American made rails

are usually better, and although the more
enlightened managers willingly pay higher

prices to home makers, yet the general

tendency has been to reduce prices to the

lowest possible point irrespective of quality.

No specification is made, no test institut-

* See report of A.S. Hewitt, U. S. Commissioner to

the Paris Exposition.
Also see letter of Mr. C. P. Sa; dberg, to the

" London Times," in ".Engineering," Jan., 18f>9.
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ed, no care taken, except to find the lowest

bidder, and he may use all old rails, cut up
and laid in the rail pile, without breaking

down, reheating or admixture, if he can only

make them stick together till they are de-

livered. This is what the rail maker is

hired to do, and he does it openly, but under
protest.

A leading railway president and reform-

er, Mr. Hinckley, of the Philadelphia, Wil-
mington & Baltimore railway, says :* " There
is great fear on my part that railway com-
panies will themselves tempt steel makers
to send a poor article, by buying the

cheapest—first cost only considered—as

they did with the iron masters. It rests

with railroad men to keep steel rails good by
buying no poor ones."

In order to meet the demand for cheap

rails, our iron masters have introduced a

poison into our railroad iron, from the effects

of which we shall very slowly recover. Un-
der the pretence of making the heads of

rails hard and durable, they have made then 1
.

of a cold-short iron, impregnated with phos-

phorus. Now as it is notorious that rails go
to pieces chiefly by lamination—by weakness
of materials and welds, the hardness of the

head is not much utilized. But the disease

reaches its climax in the next generation of

rails. The old rails are cut up, piled with

raw iron and rolled into a new rail. The
phosphorus is now distributed throughout
the mass, contributing both to bad welds

and to cold-shortness where strength is most
required. One slab of good fibrous iron is

indeed placed at the bottom of the pile to

form the flange ; but, to balance it, a layer

of phosphorus is put on the head.

As long, therefore, as old rails are used
promiscuously in the proportion of ^ to §
with new iron, it is impossible to guarantee

new rails against breaking and rapid lami-

nation. When old rails are selected by the

fracture, and rolled into bars before being

piled ; when the new iron is selected for its

quality and not for its cheapness, and when
the top slabs are welded by the hammer and
then reheated and rolled, good rails may be
made out of the materials at hand, but at a

largely increased cost.

Inasmuch as railway companies are not

always satisfied with the representations of

rail makers, as to cost, quality, etc., a plan

* Letter of December 22, 1868, to Edward Austin,
Esq., Boston. See " Van Nostrand's Engineering
Magazine," for April, p. 367.

has been suggested whereby inaccuracies of

this kind are not likely to occur. A speci-

fication of iron and manufacture is to be

agreed upon and to be carried out under
the inspection of the railway company's en-

gineer. The actual cost as shown by the

rolling mill books, together with a certain

price (not a certain percentage—for obvious

reasons) per ton for wear and tear and profit,

to be the price of the rails. In this way it

is not possible for the consumer to demand
features for which he is unwilling to pay,

nor for the maker to profit by working in

poor materials.

There is a remarkable difference in the

wear of iron rails on our different lines, and
this difference is almost in exact proportion

to their cost. When traffic is so light that

good iron rails will last from seven to ten

years, and when the money to buy a better

material cannot be raised, as in case of many
new lines, the question of better iron rails

is of the greatest importance. But for lines

of heavy traffic, like the New York Central,

Erie and Hudson River, no iron rail, how-
ever made, can meet the demand. At some-

thing less than the cost of steel, an iron rail

can be produced that will wear out instead

of going to pieces in the welds ; but it will

be so much softer and less homogeneous than

steel, that the latter will be as great an im-

provement upon good iron, as good iron is

upon the bad iron now in use. The wear of

steel tyres is three or four times greater

than that of the best iron tyres. It would
obviously be impossible to make an iron rail

superior to a Lowmoor iron tyre.

(To be continued.)

THE LATE ORDNANCE COMMITTEE.

For "Van Nostrand's Magazine."

The late Joint Committee on Ordnance
of both Houses of Congress was a body of

men intrusted with the powers of Congress,

representing the people and States of the

country sitting in inquest over the acts of

other public servants, and charged with the

duty of enlightening Congress and the peo-

ple as to the honesty and efficiency to be

found in an important branch of the public

service. The report they submit purports

to be the unbiased verdict of six able men
of high intelligence, having at their disposal

unlimited sources of information, and the

advice of all the experts in the world. The
subject they are to investigate is one of pe-

culiar interest, for it is a branch of special
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requirement upon the successful administra-

tion of which largely depends our military

prestige, and, by consequence, the standing

and respect we are entitled to among other

civilized nations. It is to be fairly pre-

sumed the verdict of this inquisitorial body

will carry with it great weight among those

who look merely at its surface, and those

who do so are the great mass of the Ameri-
can people, who keep themselves informed

respecting the actions of Congress. The un-

dercurrents are unfortunately hidden. The
motives and the evidence are seldom seen.

Since upon these turn the whole value and
significance of such a document, and they

being carefully kept out of sight, as far as

practicable, the power for harm and the

wreaking of private malice are boundless in

the hands of such a committee ; and, it may
be added, the criminality of deliberate false-

hood all the greater.

It was this same committee which, last

year, brought in a damaging report against

the Chief of Ordnance—Gen. A. B. Dyer

—

charging that officer with having availed

himself of his high position for his own pri-

vate advantage ; of having received private

emolument for furnishing ordnance stores of

inferior quality when a better quality was
being offered ; of suppressing the records of

the ordnance officer when called upon to fur-

nish evidence, and other charges too numer-
ous to mention. By implication they also

assaulted the whole system of American
ordnance, and the present constitution of

our ordnance service. Under the circum-

stances, the Chief of Ordnance, who had not

been permitted to appear by counsel before

the committee, or even to know the drift

and character of the investigation, instantly

applied for a Court Martial, which was re-

fused, but a Court of Inquiry afterwards

granted, consisting of Gens. Thomas, Han-
cock, and Terry. This court is now near

the close of its labors, which have been as-

siduous and almost unintermitted since last

November. The counsel for the prosecution

is Clifford Arrick, Esq., formerly an exam-
iner in the Patent Office ; subsequently the

agent of a New York firm for the manufac-
ture of a patent projectile (the Eureka), of

which Arrick is nominally or really the pat-

entee, and W. S. Kennedy, Esq. The coun-
sel for the defence are David D. Field, Esq.,

of New York, Col. S. V. Benet, and W. A.
De Caindry. The investigation has been
most exhaustive upon all the points brought
up by the committee. The first volume (a

formidable one), and advanced sheets of the

second are before us, and we have read them
with great interest.

The main points established by the evi-

dence—established, in great part, by the

testimony extorted from the prosecutors, be-

yond a shadow of question, are :

1st. The committee was chiefty constituted

of members utterly hostile to the Army in

general, and to the Ordnance Department in

particular.

2d. The examination was conducted at

the instigation of a ring of disappointed

contractors, chief among whom were Clif-

ford Arrick, Norman Wiard, and Horatio
Ames, and who were allowed every facility

and license for entering testimony.

3d. That all persons sympathizing with,

or interested in the Ordnance Department,
were carefully kept in ignorance of the spe-

cific objects of the investigation, and from a

full knowledge of the testimony ; copies be-

ing refused to Gen. Dyer, as well as counsel

to represent him, in an examination where
the plaintiffs were superabundantly repre-

sented.

4th. The mutilation of evidence, the sup-

pression of important facts and interpolation

of ideas never intended to be conveyed

—

done chiefly by this same Arrick, who was
clerk ! ! to the committee, and intrusted with
the task of systematizing and " boiling

down " the evidence, as he expresses it.

5th. That Gen. Dyer has not been pecu-

niarily, or otherwise personally interested in

any contract or official transaction, nor is

there the remotest trace of evidence that he

ever received any benefit from any official

transaction, or suppressed any evidence.

6th. That the report abounds in assertions

and criminations, which the evidence, gar-

bled, distorted, and prejudiced as it is, does

not warrant under the most unfavorable

construction.

7th. The final report of the committee

was framed, drawn up, and written entirely

by Clifford Arrick, as he himself acknow-
ledges.

The proof of the first point will be per-

fectly clear by mentioning the names But-

ler, Schenck, Logan, and Howard. Sena.-

tors Drake and Cameron were on the com-
mittee, but were seldom in the committee

rpom, and had no share in it beyond a silent

assent.

The proof of the second is in the corre-

spondence between Ames and Arrick, which

was before the court, and contained the de--
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tails of the conspiracy and reports of pro-

gress.

The proof of the third appears in the tes-

timony of Mr. V. E. Smalley, a clerk of the

committee, which is perfectly explicit, and

in the correspondence between Senator How-
ard and Gren. Dyer.

Of the 4th, the following is a single speci-

men out of many; being in relation to an

attempt to show that Dyer was the real

patentee of the Absterdam projectile, and
Absterdam only the ostensible patentee :

Q. to Absterdam by Arrick: "I desire to know
whether, in answer to a question put to you before

the Joint Committee, you did not say, ' In reality

I am not the inventor of two shells, but I am the

maker of two shells, known separately to the Ord-
nance Bureau?' " * *

Answer. " I wish the court to allow me to state

that that evidence of mine in this book is mutilated;

that evidence is a forgery ; that evidence is manipu-
lated to read differently from what it ought to;

other words have been substituted for the ones I

used in my testimony. I repudiate it. I said, " In

reality I am not only the inventor of two shells, as

I have three patents for improvements in projectiles,

but I am the maker of two shells known separately

to the Ordnance Bureau.' " * *

Q. " When did you write that down in the man-
ner you have just read ?"

A. " This morning, sir
"

Q. " Who suggested that to you ?"

A. "I suggested it to myself before I came here

to "Washington, when I read the evidence in New
York. I was so disgusted with it, I meant to have
the matter known if I only had an opportunity.

That is not the only specimen. If I were allowed

to digest it, and if I had the time, it would make a

different story, so far as my evidence is concerned."
[Mr. Absterdam then points out three more instances

of flagrant mutilation.]

The reports of officers upon the relative

merits of the Eureka and other projectiles,

upon which important matters were made to

turn, and charges based, were shown to have
been grossly perverted in the hands of the

committee by the production of originals in

evidence before the court.

With respect to the 5th point, it will suf-

fice to say that the prosecution do not even
attempt to show that Gren. Dyer ever re-

ceived any benefit from official transactions,

and as for the suppression of evidence, the

charge was shown to be as cool a piece of

deliberate falsehood as we ever heard of.

As to the 6th, we have not room to speci-

fy, but can promise the most absolute proof

and satisfaction in referring the inquirer to

the record of the court.

Arrick's own testimony is categorical re-

specting the seventh point.

It is to be regretted that the inquiries of

the court cannot be extended also to the

recent report of this committee. But the

exposure of the animus of the first report

may discredit also the second, and possibly

a brief examination of the latter may serve

to put it into its proper connection. It

seems that Messrs. Arrick, Wiard and
Ames, after their success in getting Gen.
Dyer in limbo, proceeded to the next step,

viz : a more sweeping and explicit indict-

ment of the whole Ordnance Department,
and a condemnation of its material. So far

as the committee could help them, they suc-

ceeded here also. The third step—their

abolition and a substitution of a regime of

their own— a Board under control of civil-

ians (i. e., of Arrick and Wiard), has not

yet been taken and is not likely to be.

I. The report (February 15th, 1869), be-

gins by the astonishing statement that the

increase of calibers necessitated by modern
warfare has "developed a remarkable and
puzzling fact, viz: that systems of fabrica-

tion which, with small calibers, gave good
endurance, when applied to large guns,

proved to be failures." The committee, it

seems, wish to express their ignorance of

the first ground rule of constructive me-
chanics, that with an increase of dimensions

the strains increase in a higher ratio than

the strength—a principle as applicable to

guns as it is to girder bridges. Thus, other

things being equal, the intensity of the force

of the powder will bear a definite ratio to

the length of the shot. This force, acting

upon a long shot, has to overcome the inertia

of a greater amount of metal per square inch

of surface in the base of the shot than when
acting against a short one. Since an increase

of caliber involves an increase of length in

the projectile, the intensity or amount per

square inch of explosive force increases

accordingly. Hovj "puzzling /"

The report proceeds

:

" Elaborate experiments, stretching over a period

of years, have been carried on in Europe and Amer-
ica to solve this problem, and many new systems
which in theory promised success have been succes-

sively tried and abandoned, nearly all of them suc-

ceeding in small guns but failing in large ones, and
failing, too, in a manner which increased the com-
plications of the problem—a gun frequently enduring
over 2,000 rounds, while another, precisely similar,

would explode after a few fires—while guns made
of the strongest material seemed generally to prove
the weakest when put to the test. No nation at

present has guns of large caliber, the endurance of

which can be estimated with any degree of certainty.

This difficulty, serious enough with smooth-bore
guns, is greatly increased in rifles, the 30-pounder
being the largest rifled gun that has exhibited even
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comparatively good endurance in this country, while

in Europe no more satisfactory result has been ob-

tained.^

According to their own showing then,

although thousands of dollars have been ex-

pended in Europe on ordnance experiments

where one has been expended here, and
though Europe has machinery which this

country will not have for many years to

come, we are, after all, 7iot behind any na-

tion in the world in respect to ordnance.

Speaking of "strongest materials" proving

weakest, the committee, I presume, refer to

wrought iron and steel—metals not used by
the Ordnance Department, except the for-

mer for the 3-inch rifle. We thank the com-
mittee for this unintentional assent to our

practice, which is the use of cast iron.

Touching the remark upon the inequalities

of endurance of similar guns, we are very
curious to know upon what evidence this

assertion is founded. Imperfections are as

liable to creep into individual guns as into

any other mechanical contrivance, in which
case the cause of failure may be discerned

by inspection. Lastly, the value of the

assertion that no nation has a reliable sys-

tem of heavy ordnance turns upon the word
" reliable." If it means that no system has

been devised by which we can warrant a long

life to every gun fabricated on it, whatever
the size, as a mathematical certainty, we
assent. The committee might also have
suggested, in the same connection, that we
have no " reliable " steam boilers, no " reli-

able " ships, no "reliable" railways—in

short, that the millenium has not come.
There is no more reason why an infallible

gun should be expected of the Ordnance
Department than infallible wisdom from an
ordnance committee. We have no objection

to a comparison of fallibilities. We hope to

show before we are done that if our guns are

not absolute perfection, and do not preclude
the possibility of improvement, they are de-

cidedly superior, in respect both of power
and durability, to those of any other system
of ordnance in any nation of the world.

II. The report then proceeds to state that

the idea that rupture is produced merely by
the explosive force of the powder is an error,

"as is shown by the fact that the pressure
of powder has been found to be uniform, as

it gives a uniform range to the projectile,

and at times does not burst a gun made of
weaker material than others which have
burst when fired with like charges." This
is mere ignorance on the part of the author

of the report. The pressure has not been
found to be uniform, or anything like it. It

is subject to the widest variation's, not only

as between guns of different calibers (which
is obvious enough on principle), but as be-

tween guns of the same caliber and pattern.

Uniformity of range does not by any means
warrant the inference of uniformity of pres-

sure. Indeed, this pressure is regulated by
the grain and quality of the powder, and the

grain may be so selected that in the average
results of an indefinite number of trials, all

degrees of pressure may be obtained at will

between widely separated maxima and mini-

ma limits, while the range remains constant.

But in rifled guns there is another source of

variation, even with identical charges, viz

:

the enormous friction of the shot against the

bore, to which may be added the length of

cartridge and the unequal times required for

complete ignition. All practical artillerists,

who are well acquainted with experimental
firing, are familiar with these causes and
know the existence of wide variations in the

pressure, as indicated by the pressure gauge.

The following citation from experiments
made at West Point on a 100-pouuder Par-
rott (see " Holley's Ordnance and Armor,"
pp. 478-481), illustrates the matter :

Charge 10 Lbs. of Powder; Elevation 5 De-
grees; Projectile 99 k Lbs.

No. Powder.

Dupont 7. ...

Dupont 7. ..

.

Hazard 7. ..

.

Hazard 7. . .

.

Bennington 5

Hazard cake

Range.

2,078
2,180
2,251
2,308
2,221
2,370

Pressure.

38,000
45,300
80,000
86,000
27,500

114,000

Charge 10 Lbs. ; Elevation 15 Degrees; Pro-
jectile 100 Lbs.

No.

13
15

17

18

20

21

Powder. Range.

Dupont 7

Hazard 7

Dupont 7

Dupont 7

Hazard 7

Hazard 7

4,830
4,911
4,796
5,030
4,735
5,045

Pressure.

32,630
48,700
60,350
64,000
99,002

102,980

These two selections are but samples of

what may be found in every experimental
record with rifled guns. They show con-

clusively that range alone is no measure of

the pressure. As the committee cite no
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other "facts" to sustain their assertion we
fairly infer that they have none to cite.

III. After mentioning the various Euro-

pean systems and pronouncing them failures,

the report declares the Rodman guns fail-

ures with the rest, and in proof quotes the

report of the Chief of Ordnance of the Navy,

who says :

" Opinions differ quite as widely in regard to the

preferable mode of developing ordnance power,

whether it shall he by smooth or rifled bores, by
loading at breech or at muzzle, made from iron,

cast or wrought, or from steel, solid or in connected

parts. The relation of mass to velocity is also un-

settled. In fact the question involves the necessity

of going back to fundamental principles, and start-

ing thence by well conducted experiments."

In other words, the statement of the Chief

of Ordnance of the Navy, that "opinions

differ as to the best mode of developing

ordnance power," is proof that the Rodman
guns cannot do what is expected of them.

Really Jack Bunsby's logic is getting to be

very commonplace.

IV. The reader will, therefore, appreciate

the force of the remarks which follow this

profound criticism of the expert committee

:

"It, therefore, appears that, notwithstanding a

long series of experiments extending over a long

period of years, and the practical experience of our
recent war, the ordnance officers of the government
have not yet determined upon even the fundamental
principles of their art, and possess no positive know-
ledge of the problem they have so long sought to

solve. Mechanics is an exact science, and ignorance

of that branch of it involved in the construction of

guns would seem to show either want of knowledge
of its principles, failure to understand their applica-

tion, or superficiality of investigation, surprising in

men whose minds have been from boyhood trained

in the direction of a specialty."

These remarks are highly edifying, coming
as they do from a committee, who begin their

report by confessing ignorance of causes of

failure in large guns as distinct from small

ones,—assert that rupture is not due to the

expansive force of powder alone,—that range

is a measure of the pressure, and that the

Rodman guns are failures because the Chief

of Ordnance of the Navy says " opinions

differ as to the best methods of developing

ordnance power !"

In support of the assertion that each sys-

tem of guns introduced has failed in practice,

General Gilmore is represented as reporting

that while only twenty-two large guns were
mounted at Morris' Island at one time, fifty

in all burst during the siege. This is not

true. That report states that twenty-four

burst, and this number includes a 30-pdr.

which had been fired 4,606 rounds at a high

elevation,—the most remarkable test, doubt-

less, on record, of any gun,—and several

100-pdrs. which had been fired more than

one thousand rounds—an ample endurance

for any rifle of that caliber. We shall speak

of the Parrott guns further on.

The statement that Admiral Porter de-

clared that all the Parrott guns used in his

fleet to bombard Fort Fisher had burst is,

we believe, literal; but the gallant Admiral,

as the committee might have known, and
probably did know, officially retracted this

statement, and paid a high tribute to them
on a subsequent occasion. However that

may be, how do the committee sustain the

charge of failure upon all systems when they

have only attempted to quote the record of

the Parrott system ?

V. The next step is an attempt to show
that the rupture of guns is due to molecular

tension, caused by the heat of rapid firing,

which, they say, assists the explosive force

of the powder. Here, gentlemen, readers

of the "Eclectic," is the "cat in the meal."

To nine-tenths of you probably this start-

ling hypothesis is no stranger. The perti-

nacity and self-assurance with which it has

been urged by its author, has not allowed

many people to remain in ignoranc e of it.

After years of untiring solicitation, of per-

secution of every variety of government
official ; in spite of the reticence, or patient

refutation, or ridicule, or snubbing, accord-

ing to the temperament of individuals, which
he had always encountered, he has persisted

in urging it, and has at last found two advo-

cates. One is Mr. Benj. F. Butler, and the

other the editor of "The Tribune." We
congratulate Mr. Norman Wiard. He has

hit upon the persons of all others best quali-

fied to champion this new revelation of his,

which is to overturn all the systems of war-

fare now in vogue throughout the world.

Surely the brilliant projector of the Dutch
Gap canal, of the Fort Fisher powder boat,

and the advocate of Col. Serrell's flying

machine, is, of all men, the one best quali-

fied for, and congenial to the task of con-

vincing the world of Mr. Wiard's heat the-

ory. We regret it should ever be necessary

to speak seriously of such a matter. But it

is useless to deny that Mr. Norman Wiard,
the laughing-stock of every expert and engi-

neer who has heard his name (and most of

them have), is one thing, and Norman Wi-
ard, wielding the thunder of a great Joint

Congressional Committee, is another. We
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decline to enter into any discussion of his

foolish hypothesis, but we are forced to ad-

mit or deny the statements the committee

have published for him.

(1.) It is stated that the conditions of

rapid firing, which often occur in service, do

not appear to have been realized in experi-

mental firing, and therefore the destructive

effects of heat have escaped the notice of

experimenters. This is untrue. In 1863,

comparative trials of banded and unhanded
guns were made by direction of the Ord-
nance Department, and the effect of rapidity

of firing was one of the specially designated

objects of the investigation. These guns

were, therefore, fired more rapidly than has

ever been practicable inaction, ranginir from

93 to 140 rounds in two hours, and nothing

whatever was developed to show that heat-

ing rendered them liable to burst. In the

report of the siege of Charleston, General

Turner states that after his officers and men
had become experienced, the machinery of

the carriages working smoothly, the 100-

pounder could be fired once in 5 minutes,

the 8-inch rifle once in 7 or 8 minutes, and
the 10-inch rifle not oftener than once in 10

minutes. Eight rounds per hour is rapid

firing for sea-coast guns. In experimental

practice, the 100-pounder has been fired 20

rounds in 2 hours : the 8-inch rifle, 24

rounds in 2 hours 20 minutes; the 10-inch,

25 rounds in 2 hours 20 minutes. After the

disaster at Fort Fisher, three 100-pounder

rifles used in that action were fired 1,000

rounds each by direction of the Naval In-

vestigating Committee, with a view of ascer-

taining, if possible, the cause of the burst-

ing of the guns in that action. These guns
all stood the test, and were fired during a

large portion of the trial with greater rapid-

ity than could possibly have been obtained

in action, because no time was lost in sight-

ing. Rapidity of firing has often been the

subject of experiment where guns have been
put to extreme proof.

(2.) The committee speak of the effects

of the cooling of red-hot wrought-iron, of

the strains inaugurated in the cooling of

molten iron, &c, &c. As we see no connec-

tion between these hackneyed facts and the

behavior of guns under fire, we omit to no-

tice them further.

VI. The spontaneous rupture of guns is

alluded to. This occurs sometimes in very
large castings where certain grades of iron

are used. So far as guns are concerned, it

is liable to occur under bad management or

carelessness whether the gun is cast solid or

hollow. But every iron founder is well

aware that there are some grades of iron too

high for guns. It is not that which gives

the highest tensile strength which is best

suited for gun metal. The requisite mate-

rial must have also a high degree or modu-
lus of elasticity. The selection of the pro-

per grades and qualities is a matter of ex-

treme delicacy, and only the most perfect

accuracy can insure the result. From the

waste metal of every rough gun are taken
test specimens, which are tested by the pro-

per machinery as to their precise qualities,

and any unusual deviation from the experi-

mental standard subjects the gun from which
it is taken to extra proof, or possibly even to

rejection without trial. But it is satisfac-

tory to know that such deviations seldom
occur. When they do occur, it is not to be

wondered at that the disturbance of the re-

lations of molecular forces should manifest

itself in spontaneous rupture. If the com-
mittee will obtain the passage of a law of

Congress so altering the atomic constitution

of elementary matter that it shall not devi-

ate from standard behavior, and agree to

enforce it, the Ordnance Department will no

doubt consent to adopt the metal thus pro-

vided.

VII. We now come to the culminating

point of the report

:

" The fact that the ordnance officers of the Gov-
ernment, find it necessary, at this late day, to return

to the rudiments of their art, * * * shows a

defect in the organizations of the Ordnance Depart-

ments calling for a remedy. The difficulty appears

to have been two-fold ; first, the ordnance officers,

knowing their positions secure to them for life, have
not felt the incentive to exertion and improvement
which stimulates men not in the Government em-
ploy, and they have become attached to routine and
to the traditions of their corps, jealous of innova-

tion and new ideas, and slow to adopt improve-
ments. An illustration of this is found in the fact,

that the late war was fought with muzzle-loading
guns (with the exception of carbines for cavalry)

,

although a variety of excellent breech-loaders were
urged upon the attention of the Government con-

stantly, and the honor was reserved for Prussia,

with a weapon inferior to many American inven-

tions, to demonstrate the immeasurable superiority

of breech-loading guns."

The charge of undue conservatism we shall

not notice, further than to say, it is quite

true with respect to the "improvements 1 '

urged by Mr. Wiard. That conservatism

still exists, and we venture to prophesy that

it will continue to exist when the humble
writer of this notice gets to be Chief of Ord-
nance, at some dim distance in the future.
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The "illustration" contains the same amount
of falsification as many others. Primarily,

the report speaks of the substitution of

breech for muzzle loaders, as if it were a

matter for instantaneous decision, involving

no grave responsibilities. In the year 1800

no nation, and it is probably safe to say few
individuals, thought of the general use of

breech-loaders for infantry. Early in the

war quite a number of infantry regiments

were armed with the best breech-loaders

known, and after a trial the advantages

failed to appear. The first good breech or

"magazine" loader offered was the Spencer.

Numerous regiments were armed with it in

the 3
rear 1804, perhaps earlier, and its merits

in the hands of experienced troops were found

to be decided. Every Spencer that could be

obtained was taken by the Department for

arming the cavalry, where its advantages

were much more conspicuous than in the in-

fantry. But the whole system of breech-

loaders was so hedged in by patent rights,

and these rights so powerfully backed up by
political influence, that a general armament
of the troops with these weapons was out of

the question. Still the necessity for breech-

loaders and their ultimate adoption was fully

recognized by the Ordnance Department, and
in 1805, the end of the war being felt to be

near, vigorous steps were instantly taken for

their supply, freed as much as possible from

the insuperable clog of patent rights. The
result has been the adoption of a breech-

loader which the Department claims to be

superior, by many degrees, to any in the

world, and unhampered by the claims of

patentees. Looking back with convictions

now universally entertained, it is easy to

ask, why were not these muskets adopted at

the outset? Going back and looking for-

ward we may reply, because no living man
can predict any advantage for them. There
was just one course to be followed in the

premises— to select the most promising

breech-loader, put it into the hands of the

best regiments, and abide by the result.

And this is precisely what was done. So
far from Prussia setting us the example,

Prussia had the benefit of our experience.

Was anything heard in Europe before Kce-

niggratz of breech-loaders ? Before, that great

day they were known and recognized here.

The report continues

:

' In the second place, these officers, educated to

a specialty and proud of their positions, come to

look upon themselves as possessing all the know-
ledge extant upon the subject of ordnance, and re-

gard citizen inventors and mechanics who offer im-

provements in arms, as ignorant and designing
persons and pretentious innovators, who have no
claim to consideration. Instead of encouraging the
inventive talent of the country, these officers scum
to have constantly discouraged it, and many com-
plaints of improper and oppressive treatment have
been laid before the Committee by persons who
have sought to draw the attention of the proper au-
thorities to what were supposed to be vital princi-
ples connected with their art."

It will be observed that Mr. Wiard speaks
from bitter experience, and we could name
others who probably have similar complaints

to make.

" Another difficulty that has retarded progress in

the science of ordnance has been the fact that pro-
minent officers have been inventors of arms, and
have possessed sufficient influence to secure the adop-
tion and retention in service of their inventions, fre-

quently without regard to the question of real merit,

and to the prejudice of other and better devices
brought forward by citizens or developed in other
countries.'"'

We are familiar with nearly every article

used in the ordnance service—certainly with

all important articles. A quarterly return

of ordnance stores from some of our arsenals

has been known to embrace some 12,000 to

13,000 different names of articles. We have
spent some time in looking over the list also.

As the result of our examination, we are un-

able to find any article upon which any ord-

nance officer is interested pecuniarily, in any
way, by patent or royalty, directly or indi-

rectly, unless, indeed, in some small item, un-

accounted for, which will be stopped against

the accounting officer's pay, when the Audi-
tor gets hold of the vouchers. Gen. Bod-
man did have a patent on his method of cast-

ing guns, which he sold for a royalty to

Chas. Knap, of Pittsburg, in 1847. The
patent expired in 1801, was renewed for

seven years, expiring again by limitation in

1868, and has not, I believe, been since re-

newed. As long ago as 1861, a hue and cry

was raised against the Bodman patent, and
when the petition for renewal was brought
before Congress, a committee of investiga-

tion was appointed, consisting of Hons. Bob-
ert Dale Owen and Joseph Holt. The re-

sult was that G-en. Bodman's right to the

patent was fully sustained and the renewal

granted. We have known of a few instances

where patents for ordnance stores have been
taken out by ordnance officers, but the arti-

cles were not adopted by the Ordnance
Board. The sentiment and practice of the

officers of the corps is against patenting any
improvement, excepting where the inventor

has been put to great private expense for its
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perfection, though the right to do so is main-

tained.

VIII. We now come to some statements

of "fact" which, with much falsehood, have

a measure of truth in them, though, by their

arrangement and juxtaposition, they are

made to yield inferences as false as any

others, showing that, although figures do not

lie, men will sometimes lie tremendously

about figures.

" Great diversity exists in the two branches of the

service, respecting the arms adopted and the man-
ner of proving, mounting and using the same. The
calibers, models, chambers and ammunition of the

navy guns are entirely unlike those in use in the

army. For example, the navy 12-pounder boat

howitzer has a caliber of 3.4 inches, while the army
12-pounder guns are of the calibers of 3, 3.2, 3.67

and 3.8 inches."

There is but one army 12-pounder now in

service, and that is 4.62-inch caliber. Of
the guns referred to, the only ones having

the designated calibers are the 3-inch rifle,

which, it is true, fires a shot weighing some-

where near 12 lb.

—

i. e., 9A to llg lb., and
the 3.67-inch or 20-pounder Parrott. Surely

no human being ever before thought of call-

ing these guns 12-pounders. The 20-pounder

Parrotts were seldom used except as siege

guns, though they were not uncommon in

the navy. There is a discarded "12-pound-
er," that is Mr. Wiard's own, though he

does not mention it. Specimens can be seen

at our arsenals, put up among the "nonde-
scripts " to illustrate the freaks of inventive

genius.

" The models of the two guns are entirely differ-

ent, so that neither could be used on the carriage of

the other. The system of sighting is also different.

A gunner in one arm of the service, without special

instruction, could not use a gun belonging to the

other, one being graduated to seconds of time of the

flight of the shot, the other to degrees of elevation."

We would also add for the benefit of the

uninformed, that the navy guns are also un-

provided with horses, and the sailors are

without picks or shovels, and even caissons

and battery wagons are wanting in the naval

armament. Seriously—if it is possible to

be serious—what do the committee mean by
" using either gun on the carriage of the

other." What kind of service, and on what
element do boat-howitzers perform, or are

field guns used ? What does Jack want of

a pendulum-hausse when sighting his gun
among the waves, lx>r a soldier of a time-scale

on land ?

"It is impossible to use navy ammunition in an
army gun, or army ammunition in a naval gun."

That being the case we should by all

means advise the navy to use their own
ammunition exclusively, and we tender the

same advice gratis to the army. Yet it is

freely acknowledged by ordnance officers

that the advantage of a uniform system in

the higher calibers is a fair subject for dis-

cussion, to say the least, though the disas-

trous consecpuences of a lack of it is the

veriest bugbear. Not pretending at all to

"speak by the card" in this matter, I yet

venture the surmise that army ordnance
officers are more than willing : I know noth-

ing about the navy opinion. The 20 and
15-inch guns are nearly conformable already.

IX. In presenting their conclusions the

committee say that

(1 .)
" No more heavy guns should be purchased "

at present.

(2.) " The Rodman system, while partially suc-

cessful in smooth bores and small calibers, has so

far failed in rifles of larger caliber as to show it to

be unworthy of further confidence. * * * The
principle of initial tension, which is the basis of the

Rodman system, appears to be of doubtful utility,

especially for rifled guns. This tension, it is admit-
ted, gradually disappears with age, and is finally

entirely lost."

We are curious to know, if the Rodman
smooth bores are " partially " successful,

what a complete success would be. We have
before us a list of cannon, "burst or other-

wise failures, in the national service " since

1860, published in the "Tribune" of April

5th, as we have reason to believe by Mr.
Wiard. It is " prepared from reports and
evidence before the Joint Committee on
Ordnance." The recapitulation states that

twelve 15-inch Rodmans were disabled.

Looking over the "full catalogue" we do
not find any specified, and we are morally

certain there have never been any such dis-

asters to specify. The recapitulation con-

tains six 15-inch Rodmans self-burst ; the

catalogue specifies only three. As these

burst before they were inspected, and, there-

fore, were not in the national service, they
do not belong to the list. One 13-inch

Rodman is specified as bursting at the 738th
fire—a fair endurance for that caliber.

Here, then, we have one gun out of the

thousands built on the Rodman plan for

smooth bores which has burst, and that

after a fair endurance, and this upon the

committee's own ex parte evidence. We
hope we shall live to see a perfectly success-

ful gun according to the idea of the com-
mittee.

The recapitulation specifies eleven 10-inch
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and 12-inch rifles on the Rodman plan as

disabled. The catalogue specifies one 8-inch

(the first one) at 80 rounds, and one 8-inch

at 1,047 rounds—a very fine endurance

—

and one 12-inch at 470 rounds. This last

gun was burst by the breaking and wedging
of the shot in the bore, the pressure gauge
showing a force of 135,000 lbs. ! at the final

discharge. Two other 12-inch rifles are
" reported injured," but their injuries have
never been heard of at the ordnance office.

Nothing has yet transpired to discredit the

Hodman rifles. Indee I their prospects are

most hopeful. But few experiments have
been made with them, and they are counted
only as experimental guns. A sudden stop

was put to all trials at the instigation of the

committee, and the appropriation asked for

to continue the experiments refused. This

is the whole evidence upon which the Rod-
man system is pronounced a failure.

(3.) " Guns cast solid in the manner practiced in

the navy under the direction of Admiral Dahlgren,
while exhibiting satisfactory endurance as smooth
bores, with small charges and hollow projectiles,

have not the requisite strength for rifles of large

caliber. This mode of casting seems to be defec-

tive in principle, as the tensions inaugurated in cool-

ing have a tendency to aid the powder in rupturing
the gun."

The Dahlgren guns need no defence. The
wry faces made at them cannot be construed

as an assault, and the only reply which can

be made is to point to the record of the IX
and XI in smooth bores.

A word or two about the Parrott system.

It is useless to assert that these guns have
proved perfectly successful. That, however,
has little to do with their relative merits.

The whole world is challenged to produce a

large caliber rifle which has on the whole
sustained so good a test. The English Arm-
strongs and Whitworths have shown no such
average endurance, nor have the steel guns
of England and Prussia. They are the

only rifled guns in this country whose merits

are known, and their record has on the whole
been very good. Every experienced artil-

lerist who has dealt with the 6.4, and 8

inch rifles can recall some instances of fail-

ure, but his confidence in them has been
justified thousands of times where it has been
shaken once. The unusual number of fail-

ures at Morris Island is ascribed to peculiar

local causes. The fine and ever-drifting

sand was blown perpetually into the muzzles
of these guns, and with the lubricant and
residuum of the powder formed a scale in

the bore, which had to be removed with a

steel chisel. Most of the failures occurred

at the sand battery where this difficulty was
greatest, while those having a marsh in front

experienced scarcely an accident. Another
alleged cause was the explosion of shells in

the gun, generally by concussion, a disaster

frequently occurring and which there seems

to be no known method of preventing alto-

gether. This is probably the chief obstacle

to be overcome in rifle guns of large caliber,

viz : a projectile that will leave the gun
without breaking. The pressure gauge re-

veals the terrible danger of such a "mischief,

running up the pressure to 130,000 and
150,000 lbs., which is sure destruction to

any gun which ever has been or ever will be

made.

In reviewing the various systems of gun-
making, the committee seem to have adopted

the exhaustive process of argument. No
guns made in Europe are of any value ; of

the guns made in this country neither the

Rodman hollow cast, the Dahlgren solid

cast, nor the Parrott banded guns, can be

trusted. Wrought iron and steel are utterly

condemned, and having exhausted every

known or conceivable device, with one excep-

tion, we are categorically drawn to that ex-

ception. There is one system having no
likeness to any other, and which the com-
mittee have indirectl}7 countenanced, viz

:

Mr. Norman Wiard's. The record of Mr.
Wiard's gun designed to obviate the de-

structive effects of heat is as brief as Caesar's

epigram—one gun, one round, many pieces.

But we must bring this paper to a close

by one more revelation. Though morally

certain of it, we do not assert that Mr.
Wiard wrote that report. But we do assert

that if he had been called upon to write one

he would have written one substantially

identical. In the supplement to the report

of the Committee on the Conduct of the War,
Vol. II, 38th Congress, 2d session, Senate

Mis. Doe. No. 47, is a communication from
Norman Wiard containing the same misrep-

resentations, groans, croakings and abuse

of ordnance officers as appear in the com-
mittee's report, and in the same phraseology.

Wiard's testimony contains the substance of

the report, indeed the report is merely Wi-
ard's testimony sand-papered. As Arrick

wrote the other, why should not Wiard write

this one ? Lastly, we have it from high au-

thority that at the direction of Senator

Howard both Gen. Rodman and Admiral
Dahlgren sat each a whole day to be pump-
ed by this man, who put the questions,
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took down the answers, and probably "boil-

ed down " the testimony as well as wrote

the report.

As I have advanced no theories, but

stated only matters of official record (ex-

cept in one or two specified cases), the read-

ers of the Eclectic will perhaps be able to

form some notion of the unique character of

this report. D.

STRENGTH OF SCREW SHAFTS.

A Paper "On the Calculation of the Stress in Pro-
peller Shafts," read by W. J. Macquorn Rankine,
C E , LL. D., F. R. S., at the Institute of Naval
Architects, March, 1869.

(1.) Through a long series of practical

trials, extending over many years, it was
ascertained by Lieutenant David Rankine
(h. p. Rifle Brigade), and by the author of

this paper, that the greatest stress which the

wrought iron axles of very smooth-running

railway carriages, traveling at speeds not

exceeding twelve miles an hour, would safe-

ly bear, when made of the best materials

and in the best way, was 9,000 lb. on the

square inch (or about 6.3 kilos, on the sq.

millimeter). Any defect in materials or

•workmanship, when exposed to that stress,

was always found to cause the axle to give

way in the end, though sometimes not until

it had run for more than three years. The
immediate breaking stress was not directly

ascertained, but it is probable that the fac-

tor of safety was between five and six. A
greater factor of safety, or, in other words,

a smaller limit to the intensity of stress, is

of course required when the motion is

rougher than it was in those carriages.

(2.) According to the ordinary method of

calculating the greatest stress in propeller

shafts, the moment of the twisting action

upon the shaft is alone taken into account;

and when that method is applied to exam-
ples taken from actual steam vessels, results

are obtained approaching very near to the

limit already stated. For instance, 8,000
lb. to the square inch is a not uncommon
value of the intensity of the stress in a pro-

peller shaft, as calculated from the twisting

action alone.

(3.) But the real intensity of the stress

is greater still, for with the twisting action

there is always combined more or less of a

bending action, produced partly by the

weight of the shaft and partly by its reac-

tion when the vessel pitches and heaves with
the waves. The object of the present paper
is to give rules for calculating the total .or

resultant stress produced by the twisting

and bending actions combined, and to illus-

trate them by an example.

(4.) Twisting Action.—The greatest

twisting moment is to be calculated from the

indicated horses' power of the engines, as

follows : Multiply the power by 33,000, in

order to reduce it to foot-pounds per minute,

and divide the product by 6.2832 times the

number of revolutions of the shaft per min.
The quotient will be the mean twisting mo-
ment in foot-pounds (for kilogrammeters the

multiplier is 4,500 instead of 33,000). The
greatest twisting moment is greater than the

mean twisting moment in a ratio which may
be estimated at about 1.6 for a single en-

gine, 1.11 for a pair of engines with cranks

at right angles, and 1.05 for three engines

with cranks at equal angles.

When British measures are employed, the

greatest twisting moment having been com-
puted in foot-pounds, is to be multiplied by
twelve to reduce it to inch-pounds.

To find the greatest intensity of the stress

produced by tivisting, multiply *the greatest
i i\

twisting moment by — (= 5.1 nearly),

and divide by the cube of the diameter of

the shaft. In symbols, let M be the mo-
ment, d the diameter, and q the twisting

stress, as it may be called. Then
5.1 M

y=-^r w
(5.) Bending Action.— The greatest

stress produced on the particles of a hori-

zontal cylindrical shaft by the bending ac-

tion of its own weight is equivalent to the

weight of a column of iron whose height is

a third proportional to the diameter and the

span between the bearings.

In symbols, let I be the span between the

bearings (in inches if British measures are

used) ; d the diameter; w the heaviness of

iron (= .278 lb. per cubic in., or 7,690 kil.

per cubic meter)
; p the greatest bending

stress, as it may be called. Then

w r , os
P = -ir (2)

The reaction of the shaft produced by verti-

cal oscillations, as in pitching and heaving,

bears the same proportion to its weight that

half the extent of the oscillations bears to

the length of a pendulum which keeps time

with them. Let m be that proportion ; then

the bending stress is increased to

wTp= (1 + m) (3)
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In a vessel that follows the vertical heaving

of the waves the value of m is nearly the

sine of the wave slope—say, 0.25 in ex-

treme cases, and 0.125 in ordinary cases.

(6). Resultant Stress.—The resultant

stress due to the twisting stress q and the

bending stress p combined, is found by a

formula which has been demonstrated by

writers on the internal equilibrium of elastic

solids ; that is to say,

p= «/(<7
8 4

,

2

\ + p-
J + r (4)

where s denotes the intensity of the' result-

ant stress.

(7.) Numerical Example.—In the fol-

lowing example tiie results are not computed

beyond four significant figures.

Indicated H. P 5,500

Multiply by 33,000

Divide by 6.2832)181.500,00 ft. -lb per min.

Revo, per min 54) 28,890,000 quot'nt nearly.

Mean twistin_ moment .

For a pair of engines

multiply by

Greatest twisting mom't
Multiply by

535,000 foot-pounds.

1.11

593,850 foot-pounds.
12

i)

Multiply by

Diameter, 16|in.

Diameter 3
4,49

Twisting stress, q = . .

.

Span between bearings..

Divide by diameter ....

Third proportional

Multiply by weight of a
cubic inch oi' iron . .

.

Bending stress by weight
alone

X estimated value of 1

+ m, say

Bending stress by weight
and reaction = p =.

.

7,126,200 inch-pounds.

5.1

36,340,000 product.

8™090 lb. on sq. in.

25 ft. =300 in.

16^)90,000 square of span.

5,455 inches.

0.278 lb.

1,516 lb. on sq. in.

=^ + -T-)+f= 8
'
987 lb.

1,704 lb. on sq. in.

Resultant Stress

p2
4

the square inch, being practically equal to

the greatest safe stress of 9,000 lb. on the

sq. in., mentioned in sec. 1, as applicable to

smoothly running railway axles at low
speeds.

(8.) It seems very probable that if the

method of calculation now described were
applied to actual examples of propeller

shafts, many instances would be found in

which the resultant stress reaches, or even
goes beyond, the utmost limits consistent

with safety ; and it is therefore laid before
the Institution for their consideration, and

for that of shipbuilders and marine engineers

in general.

(9.) Rules for Designing Shafts.—
The conditions which the diameter of a shaft

ought to fulfill are expressed by the following

equation, derived from equation 4

:

s
2 — sp — q*=0; . . . (5)

in which, for s, is to be put a safe working
value of the resultant stress (say 8,000 lb.

on the sq. in., or 5.6 kilos, on the sq. milli-

meter), and for p and q, their values in terms

of M, I, w, and d, as given by equations 2

and 1 respectively. The equation then be-

comes of the sixth order, and it is to be

solved so as to find d. This can be done by
approximation only ; and a convenient

method of approximation is as follows : As-
sume for q an approximate value q

1
, some-

what less than that of s (say, q
l =0.9s).

Then calculate an approximate value d1
of

the diameter from equation 1, viz.,

d 1 M\h
\ 2

(6)

Then calculate for p an approximate value

p
1 from equation 3, viz.,

f = (1 + m)
W
Jr ; • • • (7)

and from the approximate value of p
1 calcu-

late a second approximate value of q as fol-

lows:

?"=V(s
2— sp1

). ... (8)

Should this agree with the first approximate

value q
1

, the approximate diameter d 1

will

answer ; and should there be a difference, a

second approximation d 11
to the required

diameter is to be computed as follows

;

• • (9)<*"=<*(£)*

When, as is usually the case, the difference

q
1—

q
u

is small compared with q
1

, the fol-

lowing formula for the second approximation

is sufficiently near the truth :

,.=,ji +^| (10)

A third approximation might be found by
repeating the process, but the second approx-

imation will in general be found accurate

enough for practical purposes.

Should g-
11 prove to be greater than q\ the

correction in equation 10 becomes negative ;

that is, the second approximation to the dia-

meter is less than the first.

(10.) Example of the Rule.—Z= 300

in. as before.
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Twisting moment M= 7,126,200 in. -lb., as before.

Multiply by 5J
Divide by 'q 1 = 7,200)36,340.000 product.

First approx., d 1

3

=.

.

5,047
ti u

rf
1 — .. 17.15 inches.

Divide by d1= ... 17.15)90,000 = P, as before.

5,248 third proportional.

Mult, by (1-f-m) w = -313

First approx., p*= . .
' 1,643 lb. on the sq. in.

Intended resultant

stress, 5 = 8,000

Multiply by s— p
1 — 6,357

Secondapprox. q
11 2=50,836,000

(c £<

§
n _ 7j3| it, ^ on the sq. in.

First "
q

l = 7,200

9
> —

9
,J = —69

Second approximation to required diameter:

*>- 17.15 } IX 5^255 J

= 17.21 in.

ROLLING MILL GEARING.

The heaviest cog-wheels in the world—al-

ways excepting Mr. Isherwood's screw steam-

ships—are to be found in iron rolling mills.

Nothing at all resembling this gear is to be

discovered in flour or cotton mills, or in any

other situation on land where steam power is

employed. Spur-wheels 18 ft. to 25 ft. in

diameter, 24 in. wide on the face, and 8 in.

or 9 in. pitch, are not uncommon ; while

pitches of 6 in. and widths of 18 in. and 20

in. may be met with in almost any little roll-

ing mill we can enter. The quantity of

gearing employed in driving an ordinary rail

or forge train is even more remarkable than

its dimensions. First, we have a tremen-

dous spur-wheel on the engine shaft, working

into a pinion on the fly-wheel shaft, which
gears again into a spur-wheel, on the shaft

of which is a square end to take the coupling-

box and breaking-spindle to the rolls. We
have in this arrangement three spur-wheels

and six bearings, all of the largest and heavi-

est class ; and this, be it observed, is rather

a simple mill than otherwise. When a ham-
mer, a shears and a second train have to be
driven, we generally find as much gearing as

would fill a good-sized modern dwelling-

house, running at a high velocity, for the

most part badly put to work, and therefore

noisy and liable to accident. It is not too

much to say, in fine, that at least one-half of

the whole power developed is expended in

keeping this gearing in motion ; while its

first cost represents one-half the capital in-

vested in the plant of any iron mill.

It is worth while, under such circumstan-

ces, to consider whether gearing may or may
not be dispensed with ; and whether we can
or cannot improve upon arrangements admit-
tedly objectionable if tested by comparison
with other mills. In dealing with the sub-
ject, we must first ascertain why gearing is

used at all. This point is soon settled.

The velocity at which ordinary trains run
varies between 40 revolutions per minute for

sheet mills and 100 revolutions per minute
for bar or rail mills. Higher and lower ve-

locities are met with, no doubt, but the two
which we have named are those most usually

adopted, and all that we shall say on this

subject just now, will be sufficiently illus-

trated by cases afforded by those two speeds.

Now the work to done in rolling iron is ex-

cessively variable, and it is therefore neces-

sary to employ great fly-wheel power, in or-

der to store up force at one time sufficient to

carry the bar, rail or sheet through the rolls

at another. Without going into mathemat-
ics, we may state here that the force afforded

by any fly-wheel for overcoming the resist-

ance offered to the rolls of a train varies as

the square of the number of revolutions, the

weights being the same. Thus, a fly running
at 80 revolutions per minute would be prac-

tically four times as efficient as one similar

in all respects and running at 40 revolutions.

Therefore it has come to be looked on as an
axiom by rolling mill engineers, that the fly-

wheel cannot be run too fast. As a conse-

quence, in old works we always find it put
on a second-motion shaft, never on the en-

gine shaft. In the endeavor to obtain high

fly-wheel speed we find the first cause for the

introduction of gearing in rolling mills.

The second reason lies in the fact that un-

til a few years back, slow moving engines of

great size were alone employed to drive sheet

and rail trains. These engines had a long

stroke, and ran at but eighteen or twenty
revolutions per minute. This being too

slow for any but blooming rolls, gearing be-

came a necessity. The enormous dimensions

usually imparted to rolling mill gearing is

explained by the fact that it is exposed to

many shocks and jerks which are peculiar to

the work which it performs, and that for the

most part it is roughly and cheaply made,
and carelessly put together. We have, we
believe, given in the foregoing paragraphs

every valid reason which can be alleged in

favor of the use of clumsy, heavy, costly

gearing in rolling mills. It remains to be
seen whether these reasons are or are not in-

controvertible. .
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Taking the last phase of the question

first, we may state that during the last few

years better materials, better proportions,

and superior workmanship have been intro-

duced by many niakefs, such as Claridge,

North & Co., and others, with a view to

keep down the weight of mill gearing, and
with much success, especially in Stafford-

shire ; and it is beyond question that still

more may be done in this direction. But it

is quite in another way that we must look for

radical improvement. We must begin at the

fountain head, and instead of heavy, lumber-
ing, slow working engines, resort to the use

of machines making a fair number of revolu-

tions without an excessive piston speed. A
good deal has already been done in this

direction, we are happy to say. At Wool-
wich arsenal the splendid bar mill is driven

direct at some 60 revolutions per minute by
a horizontal engine. In this case power is

stored up in one of the finest fly-wheels in

England, weighing 50 tons. The sheet train

of the Warrington Wire Iron Co. is driven

direct by an engine fitted with a 60-ton fly-

wheel. These great weights are rendered

necessary by the comparatively slow speed of

the trains. When velocities of 100 revolu-

tions are attained a 20-ton wheel will answer
every purpose. As an illustration we may
cite the Pendleton works, near Manchester,

where a 16-in. rail mill is driven direct at

100 revolutions per minute, by a horizontal

engine with a 26 in. cylinder and 4 ft. 6 in.

stroke. This engine has been running con-

stantly for the last fifteen years, with few or

no repairs. The advantage of this system
cannot be over-estimated. The cost of a

great mass of heavy gearing is saved ; the

price of the engine is not nearly that of a

larger and slower running machine ; the

chances of breakdowns are reduced to a min-
imum ; and the expense of repairs, wear and
tear, and lubrication is obviously very great-

ly diminished.

When, as in sheet mills, the rolls run too

slowly to permit the engine to be coupled

direct to them with advantage, the best

plan will still be to use a small engine, run-

ning at some 70 or 80 revolutions per min-

ute, and carrying on its shaft a spur-pinion

gearing into a spur-wheel on a second-motion

shaft driving the rolls direct ; we thus retain

a high velocity in the fly-wheel and a cheap
engine, although some of the disadvantages

connected with the use of gearing unavoid-
ably remain.

The gearing at present usually employed

in reversing mills consists of no fewer than

five huge spur-wheels and pinions, besides

the clutch-boxes. The entire arrangement

is simply a barbarous relic of the past. Re-
versing mills should be driven by small,

high-speed coupled engines, without fly-

Avheels, and fitted with a link motion. The
first cost is not greater than that of the nor-

mal arrangement, while the waste of power
and the chances of derangement are greatly

reduced. Those who wish to realize what
can be done in this direction, should see for

themselves engines and mills designed by
Mr. Ramsbottom for Crewe, and others man-
ufactured by Messrs. Tennant, Walker &
Co., of Leeds, for America.

The above is from the " Engineer."

There are many mills in this country to

which these criticisms apply. But the

greater number of our rail mills have en-

gines coupled directly to the trains—verti-

cal engines, too, which take up the least

room. And for work no heavier than rails

our three high mill is a vast improvement
on the reversing mill. Indeed, with proper

lifting gear, it is probably better for the

heaviest work, such as 15 in. beams. In

some of the new English rail mills, two or

even four trains are connected to a single

engine by no end of cog-wheels.

We can copy the English practice with

advantage in many cases ; but in the matter

of rail mills, our neighbors should study our

practice, for instance at Reading, where

they would see three 23 inch 3-high trains,

driven each by its own direct vertical en-

gine, at 60 to 80 revolutions ; at Harris-

burg, where a 40 in. by 60 in. direct vertical

engine drives a 24 in. 3-high steel train, four

rolls long, at 60 revolutions ; and at Johns-

town, where a similar engine, with a 60 ton

fly-weel, drives, direct, a 21 in. puddle train

five rolls long, and two squeezers.

The Bed of the Atlantic.—It has for

some time been a question in the learn-

ed societies of England, as to the nature of

a gelatinous substance formed at the bot-

tom of the Atlantic, specimens of which

have been brought up by sounding appara-

tus. Prof. Huxley has given it the name
Bathybius. By some it is considered a gi-

gantic Protozobn, which covers a vast area,

miles in extent, forming a living mass over

it. It would thus be an agglomeration of

microscopic animalcules, probably possess-

ing, like plants, the power of subsisting upon

inorganic matter.
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FAIRLIE'S LOCOMOTIVE CAR,

This is a long, eight-wheeled passenger

car, resting at one end on an ordinary truck,

and at the other on a locomotive truck. It

is designed to run on rails laid upon com-
mon highways or upon ordinary railways.

We compile the following description from
"Engineering": The leading bogie, or

truck, which has coupled wheels 4 ft. in

diameter, is fitted with steam cylinders, and
carries an upright steam boiler, and a plat-

form for the driver and plenty of fuel space.

The cylinders are inside, and are 8 in. in

diameter, with 12 in. stroke. The boiler,

which is of the " Field " class, stands on
the platform of the truck midway between the

two axles ; the shell is continued downwards
for about 16 in. below the fire-grate, so as to

form an ashpit. The carrier frame is pro-

vided with a strap which completely encir-

cles the base of the boiler, this strap being
fitted with brass rubbing pieces on the inner

side, so that the base of the boiler—which
really forms a large bogie pin—can revolve

freely within it to the extent of a quarter of

a circle. At the hind end the carrier frame
rests on the center of the trailing bogie,

this latter being arranged so that it can
swivel freely, and being provided with four

ordinary carrying wheels, 2 ft. 6 in. in

diameter. The carrier frame is made of

four longitudinal frames, with cross frames
and diagonals, the longitudinal frames being
strengthened by truss rods, and the inside

frames being connected for a portion of their

length by plates at the top and bottom, so

as to form a long shallow tank about 4 ft.

wide by 12 in. deep. Under this arrange-

ment the tank serves to materially stiffen

the carrier frame, and at the same time the

weight of the water is distributed over a

considerable length of the latter.

The exhaust steam is led into the tank
and made to traverse the whole length of
the latter before being conducted to the
chimney. In passing over the surface of
the water a portion of the steam is, of

course, condensed, whilst the remainder is

discharged into the chimney without any
objectionable noise. The chimney passes
over the whole length of the carriage to the
rear end; and we may here remark, by the
way, that from experiments during the con-
struction of some locomotives on the North-
ern Railway of France, having chimneys
somewhat similarly arranged, it was proved
that the action of the steam jet was fully as

Vol. I.—No. 5.-28.

effective in chimneys so placed, as in those

in the ordinary vertical position (!). Mr.
Fairlie, however, places the chimneys of his

steam carriages vertical, as usual in all

cases, except when they are intended for

working on a line laid along an ordinary

road.

On the carrier platform is placed a car-

riage body, this latter being perfectly dis-

tinct from the carrier frame itself, and being

merely a covering for the passengers, so that

it can at any time be readily removed for

repairs, and another bolted on in its stead.

Instead, however, of removing the carriage

body from the carrier frame, the latter may
be readily detached from the leading bogie

by simply taking out the bolts of the strap

which embraces the base of the boiler, and
the leading bogie—which may, in fact, be

termed the engine—can then be attached to

another carrier frame. When the leading

bogie is detached, the front end of the car-

rier frame is supported on a pair of wheels

which, by means of screws and a hand wheel
with suitable gearing, can be lowered down
so as to bear on the rails when desired. The
ready means which are afforded for the de-

tachment or separation of the various parts

of Mr. Fairlie's steam carriage forms an im-

portant feature in his system, and one which
will very greatly facilitate the execution of

repairs. Thus, on a line where these car-

riages are employed, it will never be neces-

sary to stop the running of an entire carriage

to execute the repairs of one part, the re-

placement of a damaged engine, or carrier

frame, by a duplicate kept in reserve, being

the work of less than half an hour.

The construction of the carriage body is

varied, by Mr. Fairlie, according to the na-

ture of the traffic. For a light railway, con-

structed on a common road, and unprovided

with regular stopping stations, (the carriage

being intended to stop to pick up passengers

like an ordinary omnibus,) the body is di-

vided into two parts, for first-class (to seat

30.) and second-class (to seat 50) respective-

ly, the entrance to the former being in the

rear of the vehicle, and that to the latter

near the middle of the length of the car-

riage. A longitudinal gang-way runs the

whole length. In both cases the steps are

so arranged that passengers can readily

mount into the vehicle from the road level.

When the steam carriage is intended for

running on a line provided with regular sta-

tions, Mr. Fairlie constructs the body with

compartments and side doors in the ordinary
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way. Thus arranged the carriage is 'well

adapted for working passenger traffic on

branch lines or for metropolitan traffic.

In the construction of the vehicle, steel

is used instead of iron in all parts •where its

einploj'ment is advantageous, and care has

been taken, by properly proportioning the

various details, to avoid all unnecessary

weight. The calculated weight of the whole

vehicle, without passengers, but with fuel

and water for a 40 mile run, is under four-

teen tons; whilst with 80 passengers the

weight would only be 20 tons, of which
rather more than half would rest on the

wheels of the steam bogie. It will thus be

seen that the ratio of unpaying to paying

load is, when the carriage is fully loaded,

only about 2^ to 1, while, as about 55 per

cent of the total weight is available for ad-

hesion, the carriage would be readily able

to mount gradients of 1 in 16, if sufficient

cylinder power was provided. In the ease

of a steam carriage, designed for running on

gradients 1 in 35 or 1 in 40, the following

are the calculations of adhesion, etc.

On an incline of 1 in 35, the resistance

due to gravity would be 64 lb. per ton ; and
if we take the frictional and other resist-

ances, exclusive of gravity, at 20 lb. per ton

—an ample allowance—we shall have the

total resistances as follows :

Gravity, 20 tons, at 64 lb. per ton, = 1,280

Friction, etc., 20 " = 400

Total, 1,680

Again, as about 55 per cent of the total

weight rests on the wheels of the leading

bogie, we should have

2240x20x55
100

-=24,640 lb.

available for adhesion, an amount which, on

an incline of 1 in 35, would be reduced to

24,640— 24640 — 24,640— 704= 23,936
35

lb. ; and dividing 1,680 lb., the total resist-

u a- t * 1680 1
an-^e, bv this number, we get-^y.,..,,. — -^-r-rrJ ° 2393b 14 8

as the co-efficient of adhesion required. In

other words, so long as the adhesion ex-

ceeded, say T
]yth of the weight on the driv-

ing wheels, the carriage would ascend an in-

cline of 1 in 35.

On the other hand it will be found also,

that the cylinder power is sufficient for tak-

ing the carriage up such an incline, the

boiler being worked at a pressure of, say,

140 lb. per sq. in. Thus with 8 in. cylin-

ders, 12 in. stroke, and 4 ft. wheels, the

tractive force exerted for each pound of

effective pressure on the pistons is 16 lb.

To overcome the resistances amounting to

1,680 lb., as already calculated, the mean
effective cylinder pressure would have to be
105 lb. per sq. in.

On a level road the total resistance of a
steam carriage such as we are describing,

running at a speed of 40 miles per hour,

should not exceed 20 lb. per ton, or, taking

the weight at 20 tons, 400 lb. in all. To
overcome this resistance would require a

mean effective pressure of 25 lb. per sq. in.

on the pistons, and the power exerted would
, 400x5280x40 ,OA , nbe

TlH)X-3-3-000-7
=42 - 61lOrSe-PO^r

-
0a

an incline of 1 in 100 the total resistance

would be about 42^ lb. per ton, or 850 lb. in

ail, corresponding to an effective pressure on
the pistons of 53,125 lb. per sq. in., and to

the development of 95.8, or say 96 horse-

power at the same speed.

On a line with moderate gradients, say up
to 1 in 60, and at speeds varying from 25 to

40 miles per hour, such a steam carriage as

that we have described should be run with a

consumption of about 6 lb. of coal per mile,

and with a correspondingly small consump-
tion of oil, tallow, etc. The expense for

wages also would be very small, as the en-

gine could be readily managed by one man,
while the guard would have charge of the

brake, and would be able to collect fares.

Brake-blocks are to be applied to all the

wheels ; and the arrangement of brake-gear

is such that the brakes can be applied either

by the guard or driver independently.

Although the total wheel base of the car-

riage is 57 ft., yet the actual wheel base

which has to be considered when estimating

the capability of the vehicle for traversing

curves, is that of each bogie, or 6 ft. only.

With this base the carriage can be safely

run round curves of two chains radius, at

moderate speeds, while at a slow speed a

curve of 35 ft. radius may be traversed.

Thus, by placing circular curves of 35 or 40
feet radius at the terminal stations, the car-

riages can be run round, and the expense of

turntables avoided.

We have hitherto spoken of Mr. Fairlie's

steam carriage as running by itself only ;

but it will be evident from what we have

said that it possesses ample power to draw,

under ordinary circumstances, another car-

riage behind it. In the case of a railway
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laid on a public road, such speeds as 40

miles per hour would, of course, never be

attempted, a speed of twelve or fifteen miles

per hour being more nearly the maximum

;

and in such instances the boiler would pos-

sess ample power to supply the cylinders

with steam at the full pressure admitted for,

say three-fourths the stroke, and ample trac-

tive power would thus be afforded for draw-

ing another carriage, or trucks loaded with

goods. Altogether Mr. Eairlie's plans are

exceedingly well considered, and we feel

sure that at the present moment— when
light railways are the subject of much atten-

tion—they will be regarded with great in-

terest.

INDEPENDENT TUBULAR BOILERS.

From the "Practical Mechanic's Journal."

The Seguin tube boiler applied to the

early locomotive by the Stephenson's, and
proved capable of such rapid and efficient

generation of steam, gave almost at once an
impulse to the use of tubular boilers of one

sort or other for land and fixed engine use,

which, however, has not been followed out,

nor has progressed as steadily as might have
been wished.

As long ago as about 1836 Messrs.

Mather, Dickson & Co., of Liverpool, were
amongst the first to adapt to fixed engines

the locomotive boiler, pure and simple, but

enlarged, and from the designs of Mr. John
Grantham, C. E., the very large boilers, for

that day, were constructed and fixed at

Edgehill Station, for the supply of high-

pressure steam to the fixed engines also con-

structed by them for working by rope trac-

tion the incline in the tunnel between there

and Lime street. These boilers worked
with economy and satisfaction for several

years; we believe no objection was ever

made to them but that of their considerable

first cost. Many years ago, also, Messrs.

Eennie employed for one or more engines

in their works in London, a vertical boil-

er, consisting of a simple cylindric external

shell, a drum fire-box inside, carrying above
it a large number of vertical tubes, the gases

from the whole of which were gathered into

one central flue, which passed off directly

from the top of the boiler. The water sur-

face was necessarily below the top tube
plate, and so a small length of the upper
and cooler end of the tubes, and of the top
tube plate, were exposed to contact with
steam in place of water. This boiler, we

were ourselves assured by the late Mr.
George Rennie while examining it, had then

for some time continued to give them steam

at high pressure, with a consumption of

mixed coal and coke equivalent to not more
than 2£- lbs. per hour per indicated horse-

power.

This form of fixed tube boiler, of great

simplicity, and as great cheapness as any

tube boiler perhaps is susceptible of, had
even to a rather greater degree than the

horizontal-tubed locomotive boiler the ad-

vantage of permitting easy repairs. The
misfortune of all fixed tube boilers, which,

for land work, are required as one of their

primary conditions to be worked for long

periods and perhaps without a moment's
cessation, is, that the surfaces of the tubes,

whether these are exposed exteriorly or in-

teriorly to the water contact, coat and fur

over with earthy matter, deposited or col-

lected, and concreted from the water at a

rate that is injurious to them, though less so

with boilers exposing broad, flat, or curved

surfaces to the water. The small tube is

practically at all temperatures so nearly the

same diameter that scale formed does not

easily crack off spontaneously, while it has

a much better chance of doing so from broad

surfaces, which are continually changing

their shape with variations of pressure, and
their dimensions with difference of tempera-

ture. Mere length in tube does not seem
capable of letting it clear itself thus of scale.

Besides hard accretional scale, most natural

water deposits more or less loose mud or

sediment. Now, the horizontal locomotive

tube form of boiler may be so made for fixed

or land use, that most of this shall keep away
and deposit clear of the tubes. This advan-

tage, however, is not secured by the simple

vertical form of tube boiler above described,

as constructed by Messrs. Rennie ; for the

loose sediment, as well as any that may de-

tach itself from the tubes, falls down and lies

amongst the tubes, on the lower tube plate,

and gradually passes thence by ebullition

and currents in the boiling water, down to

the bottom of the water wards of the fire-

box ; and it is at all times an unhappy ar-

rangement when the sediment tends to de-

posit finally about some of the hottest parts

of the boiler plates.

Another form of fixed tubular boiler,

known as Inglis' in the north of England,

and, we believe, the subject of a patent, was
in use at the Elswick Works, near Newcas-
tle, about 1863, and when we saw it, ap-
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peared to have been working in a very satis-

factory, and we learned, as we should have
expected, in an economical manner. This

boilers consists of two dome-topped cylin-

drical shells, of unequal diameter and height,

connected together, above and below, by two
cylindrical water flues, big enough for a

middle-sized man to squeeze through. The
larger cylinder contains the fire-box, and a

smoke flue, rectangular in section, leading

from the fire-box through the walls of both
cylindrical shells, and into a cylindrical tube

chamber in the center of the smaller cylin-

der, from whence a fasciculus of vertical

tubes descends to the lower end or tube

plate of the same cylinder. The whole
boiler sits in brickwork, the ash-pit in front

of the fire door being covered with a per-

forated cast-iron foot-plate.

Now most of the important conditions for

tubular boilers are found here combined

;

every part, inside and outside, is as readily

come-at-able as need be. There is ample
circulation of the water, and a large surface

both of fire-boxes and of tubes can be

readily secured and well applied ; moreover
except as to the tubes themselves, scale has

as a good chance of detaching itself here as

in any other boiler of broad plates ; there is

ample room for the deposit of sediment, and

by mud-hole doors can be made, so easily

and so accessibly, that it can be periodically

cleared out, if not removed even more fre-

quently by mud cocks. It is also all pretty

simple boiler-makers' work, both to make
and to repair, and changes of dimension from
hot to cold act systematically upon it, and
tend little to rack its frame. It is, how-
ever, not a cheap boiler. When employed
for uninterrupted service, the best mode of

feeding it with water—and, indeed, this ap-

plies to every form of fixed tubular or

lamellar boiler—would be to pass the feed

water into a heating vessel of cylindrical

form, placed in the horizontal flue, and so

arranged that the sediment deposited in that

could not enter the boiler, and should be

easily removed from the vessel while the

boiler continued at work.
A decided advance could be made thus

upon the construction of multispaced fixed

boilers, if we can abandon or reduce to the

smallest extent tubes, and construct the

boiler upon the lamellar principle instead

;

for then we shall substitute broad surfaces,

which tend to keep clear from scale (under
usual conditions), for small diametered
tubes, which tend to clothe themselves with

scale. This has been attempted in a multi-

tude of forms—with flat water wards of one

shape or another, as in Mr. Lamb's marine

boilers ; but such surfaces do not readily

admit of the requisite strength for high-

pressure steam, however admirably they

may work under the conditions and mode-
rate pressure of marine boilers.

The requisite conditions have been re-

cently very well fulfilled, however, in the

boiler patented by Messrs. Allibon & Man-
bre, the first named inventor, Mr. George

Allibon, being of the Eosherville Ironworks,

and anteriorly manager of the Millwall Iron-

works, and since of the Worcester Engine-

works. The engraving shows a vertical

section of this boiler, the construction of

which is so simple, that it will be under-

stood almost without description by any one

acquainted practically with boiler work. It

consists of a vertical cylindrical shell (which

may be of greater or less height to suit cir-

cumstances), containing four other shells

nearly cylindrical, and so united that each

alternate annular space is filled with water,

while the other alternate ones afford, in a

direction of movement up or down, passage

for the gases of combustion of the fire, the
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fire-box for which is in the bottom of the

cylindrical and internal shell, on their way
to the chimney.

The advantages secured by this boiler are

pretty evident; it is very simple in work-

manship, and admits of great strength.

Two of the cylindrical internal shells are

exposed to compression on their convex sur-

faces by the steam or water, but these can

be easily and well stayed up to those against

the interior or concave surfaces of which the

pressure acts. The parts are easily pulled

out one from the other for examination or

repair, and with extremely little boiler

work, or unmaking and remaking of joints.

There will be but little fast scale, but the

loose deposits will require to be passed off

at intervals with regularity. In our own
judgment the four short tubes of water com-
munication between the central cylinder

would be best put somewhat higher up, and
a sediment box of parallel contour with the

rounded bottom of this cylinder placed

within it, and suspended from above. If

judiciously placed, and the feed water (from

an external heater always) properly intro-

duced and led first into that suspended ves-

sel, we think almost all sediment would
take place therein, and all the rest of the

boiler remain nearly free. Two conjugate

boilers of this sort obviously might be made,
and fired from one fire-box in one of them,
something as in Inglis' boiler, and probably
with advantage as to consumption of fuel.

This form of boiler might he made very

suitably applicable to the use of liquid fuel,

assuming, what has not yet been properly

done, that that fuel is burnt as vapor, mixed
with its equivalent of atmospheric air pre-

viously heated to a sufficient temperature
by the waste or other heat.

We entertain but little doubt that these

boilers will prove safe, economical in work,
and, at the very least, as much so in repair,

as any known form of multispaced boiler.

In respect to its central cylinder this boiler

bears some little similitude to Mr. Thomp-
son's "pot boiler," exhibited in 1867 at

Paris; none whatever, in its general design,

which is greatly superior to that of the pot
boiler.

I'

arge Gas Holder.—Mr. Thomas F.
J Eowland, of New York, has built,

for the works in Twentieth street, New York,
a gas holder 170 ft. diameter, by 70 ft. high,
in two 35 ft. sections.

TECHNICAL EDUCATION IN FRANCE.

We quote from " The Engineer " a trans-

lation of the scientific syllabus of the Paris
'Conservatoire. Scientific lectures are read

i
by eminent savants, not only at the Conser-
vatoire, but at the Sorbonne, College de

|

France, Jardin des Plantes, &c, and this

[practice constitutes a most important fea-

ture in the French educational system.* In

I

France secular tuition is either very cheap
lor entirely gratuitous, without any restric-

ition as to age, sex, nationality, or religious

opinions of the students ; in fact, no ques-

tions are asked as the student enters the

lecture-room, provided he behave decently.

CONSERVATOIRE IMPERIAL DES ARTS ET
METIERS— PUBLIC AND GRATUITOUS
COURSES OP LECTURES ON SCIENCE AP-
PLIED TO THE USEFUL ARTS. 1868-1869.

Geometry, Practical.—M. Baron Ch. Dupin, Pro-
fessor; M. Lausedet, Assistant. Programme: The-
ory of the principal curves employed in the drawing
and c mstraction of machinery ; diagrams of parts
serving to transform motion; toothed wheels; cams;
eccentrics; articulations; escapements; counters;
registering instruments.

Geometry, Descriptive.—M. de la Gournerie,
Professor. Programme: Rules of linear perspective,
and geometric constructions referring to it; effects

of perspective ; instruments of perspective ; curved
pictures; perspective of bas-reliefs; stage scenery;
rapid perspective.

Practical Mechanics.—M. Tresca, Professor.

—

Programme : General principles pf mechanics ; defi-

nitions; effect offerees; mechanical work; principle
of the conservation cf work; means of developing
and employing mechanical work

;
passive resistances

;

uses of machinery; composition of engines; descrip-
tion and theory of machinery used in industry.

Civil Constructions.—M.E.Trelat, Professor.

—

Programme: Materials, classified according to their
uses, and to the aesthetic expression that they afford

;

theory of the elements of construction; foundations;
vertical and horizontal walls; roofs.

Practical Physics.—M. E. Becquerel, Professor.
Programme: Fundamental krws of general physics;
the applications of heat; formation of vapors ; use of
their elastic force ; sources of heat ; warming and
ventilation ; molecular action

;
general laws of acous-

tics; fundamental laws of light; sources of light;
construction of optical instruments.

Practical Chemistry.—M. E. Peligot, Professor.
Programme : First part of the course, general phe-
nomena of combination and decomposition ; equiva-
lents, nomenclature and symbols ; natural history of
simple non-metallic bodies, and of their principal
combinations; air; water; mineral acids ; ammonia;
useful metals.

Manufacturing Chemistry.—M. Payen, Profes-
sor. Programme : Composition of vegetable mat-
ter, cellulose, preservation of timber and grains;
starch, dextrine, glucose, gluten, Italian pastes;

* See Van Nostrand's Magazine, No. 2, page 116.
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food; hygiene; sugar manufactures; alcohol, wino

beer,' cider; paper; soap, gelatine; hydro-carbons>

petroleum, lighting and warming gas.

Agricultural Chemistry.—M. Boussingault, Pro-

fessor. Programme: Experimental demonstration

of the process of testing and analyzing substances

produced or utilized by agriculture; means of de-

tecting adulteration.

Agriculture.—M. Moll, Professor. Programme:

Exposition of the special rules of agricultural zoo-

technia; breeding, rearing, and employing horned

cattle, pigs, poultry, horses.

Rural Works.—M. Mangon, Professor. Pro-

gramme: Agricultural hydrology; drainage; manu-

facture of drainpipes; cleaning drains; desiccation

(drainage); polders; colmatage (manure irrigation)

;

ponds; fish culture; irrigation with pure or muddy
water; legislation on water; plantation of forests;

grass; sand-hills; forest industry.

Spinning and Weaving.^-M. Alcan, Professor.

Programme : First process in hand and machine

weaving; plain, curled, and figured webs; openwork

and stocking web; cleaning and mechanical prepar-

ations; sewing, embroidery, and ornament machines.

Dyeing and Printing.—These lectures are not

commenced yet.

Political Economy and Industrial (Factories)

Legislation.— M. Wolowski, Professor. Pro-

gramme: Division of labor and co-operation ; barter

;

money; law of germinal an xi. (of the French re-

public) ; trust money (credit) ; exchange ; contract-

ors and workmen; strikes; trade unions; associa-

tion.

Industrial Economy and Statistics.—M. J. Bu-

rat, Professor. Programme: On production; on

the forces employed by production; natural forces,

work, capital; on the principles and economic laws

regulating the industry of agriculture, manufac-

tures, and trades ; on the institutions which facili-

tate production; weights and measures, bills of ex-

change, and means of credit; means of communi-

cation, roads, canals, railways.

PRESERVING TIMBER.

An abstract of a paper read at the meeting of the

Chemical Section of the Philosophical Society of

Glasgow, by Mr. P. M. Moir.

This paper was specially written to ex-

plain the methods that have been and are

now in use for the preservation of timber

from decay by disease and exposure to the

atmosphere, or destruction by marine worms

and insects.

Timber when exposed to the action of the

atmosphere is soon acted on by damp. This

is especially noticeable in all timber fixed

in the ground. The action commences at

the parts immediately above the surface of

the ground, where the fibrous portions of the

wood are softened by the moisture, mould

and decay being produced. These are indi-

cative of a sort of slow combustion which is

set up by the alternations of wet and dry.

This kind of wasting away is termed wet

rot. Another and Yery destructive form of

decay is that which is known as dry rot.

This goes on most rapidly where there is no
circulation of air. It is believed by some
persons to be caused by parasites ; but by
others it is believed that the parasites only

appear after the decomposition has set in,

and that they appear and live to consume
the materials which by their accumulation

might render the earth and air unsuited to

the essential conditions of life and health.

There is some probability that dry rot is a

result of the felling of timber -while it is full

of sap, that is, between the end of spring

and the beginning of autumn. Another
familiar form of disease is that which is

caused by the Termite or white ant. This
creature's operations prove very destructive

in India, Ceylon, Brazil, and most tropical

countries. Its attacks are most ravenous

on all wood buildings, railway sleepers, and
bridges, even though the constructive ma-
terial be lignum-vitse, one of the hardest

and most durable of woods.

When timber is used in marine structures

the destructive agents are greater enemies
than decay by dry or wet rot. There are

two of them which are the best known
among salt water destructive agents, and
are very ruinous to all wood erections which
are unprotected from their ravages either

chemically or mechanically. They are the

Teredo navalis, or ship-worm, and the 1dm-
noria terebrans. The teredo is a long worm-
shaped creature which perforates timber

generally in the direction of the grain, but

sometimes across the grain with many wind-

ings. When a knot is met with, or the

shell of another teredo, the creature accom-

modates itself to circumstances by bending
from its original course. In a fir pile taken

from the old pier of Southend a worm was
found two feet long and three-quarters of

an inch in diameter. Some have been seen

three and even four feet long, and one inch

in diameter. The teredo grows very rapidly,

and its ravages are often very terrible on
ships, piles, &c. The teredo is not nearly

so prevalent on the Scottish coasts as in the

South of England and on the coasts of

France and Holland where unprotected tim-

ber is readily destroyed.

The Limnoria terebrans is very abundant
around the British shores. Its ravages

were first particularly observed in the year

1810, by the late Mr. Robert Stevenson,

engineer of the Bell-Rock Lighthouse. The
limnoria very much resembles a wood-louse,

and is about 1-6 inch in length. It is gre-
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sarious, and in situations favorable for the

exercise of its habits it soon produces great

effects on the wood to which it attaches

itself. By boing in all directions it so dis-

integrates the wood as to allow the sea to

wash away its surface, and thus layer after

layer of the wood is riddled by the borer,

and then abraded by the sea until the whole

piece of timber attached is completely de-

stroyed.

Various opinions have been entertained

regarding the mode in which the limnoria

perforates and destroys timber, but the

opinion expressed by Dr Coldstream after

very careful observation seems to be the

most worthy of credence. He states that

the animal effects its work by the use of its

mandibles, and it seems that it is necessary

that the hole should be filled with salt water.

The distance bored is from one to two inches

long, and as the hole increases in size the

animal leaves its old workings and begins

new ones.

All kinds of timber in the unprepared

state, except greenheart, are readily de-

voured by the limnoria, if used in harbor

works not exposed to the influence of fresh

or river water. Greenheart is not molested

by the animal at all, but every other kind

ot' wood is attacked immediately that it is

put into the sea, whether afloat or fixed, but

more readily if fixed. The boring is gen-

erally limited to that portion which is be-

tween two-thirds flood and the bed of the

sea or estuary. The rate at which the lim-

noria bores into wood in pure salt water is

said to be about one inch in a twelve-month
;

but instances have occurred in which the

destruction has been much more rapid. At
Greenock, for instance, a pile twelve inches

square was eaten through in seven years.

The limnoria cannot live in fresh water,

hence it is not found doing any damage in

the Clyde higher than Port-Glasgow.

Greenheart timber in its natural state is

the only wood now in use for harbor works

that is proof against the attacks of marine

creatures, and those of the white ant in tro-

pical countries. There are two reasons why
it enjoys this immunity from attack : first,

there is its great hardness ; and, secondly,

there is the presence of a large quantity of

essential oil. It is a very hard and durable

wood, weighing about 75 lbs. to the cubic

foot, and having a specific gravity of 1.089,

so that it is a little heavier than water. It

is brought from Demerara. Great care is

required in working it, as it is very liable

to split. In sawing it is necessary to have

all the logs bound tightly with chains, fail-

ing which precaution the log would break

up into splinters, and be very apt to injure

the men working it.

The author then proceeded to discuss the

various mechanical and chemical methods
that have been employed to preserve timber

from natural decay or from the destruction

effected by living creatures. The mechani-
cal methods are wholly employed for marine
purposes, and are the oldest in use. One of
these 'consists in covering piles, between
high and low-water mark, with flat-headed

iron nails, the heads being about one inch in

diameter, and the nails being driven in so-

close that the heads touch, but do not over-

lap each other. This method is expensive,,

both on account of the materials employed,

and the time required in the operation ; and
besides this it is very inefficient, as the nails

readily corrode, and leave room for the

attacks of the living enemies. Another plan

is to cover the piles or other submerged
timbers with sheets of zinc or copper. This
also is an efficient means of protection.

For the preservation of wood by means
of chemical preparations, although many
patents have been taken out, not more than
six have been worked commercially. In all

cases these patents were obtained for the

use of solutions of certain chemical com-
pounds as preservative agents. The names
of the patentees and the most valuable

compounds employed are shown in the fol-

lowing table :

Chloride of mercury.
Sulphate of copper.

Creosote or pitch oil..

Chloride of zinc.

Kyan - - • 1832
Marg.iry - • 1837
Bethell - - - 1838
Bethell - - - 1848
Burnett - 1838
Burnett - 1840
Boucherie - - 1839
Boucherie - - 1846
Payne - - - 1841
Payne - - - 1846

Pyrolignite of iron.

Sulphate of copper.
Sulphate of iron.

Carbonate of soda.

The methods employed practically in
working these patents were three in num-
ber, namely, steeping, vital suction, and
pressing in close vessels. Kyan and Mar-
gary employed the first-mentioned method -

r

Boucherie employed the second ; and Payne,
Burnett and Bethell employed the third,

which was also latterly adopted by Bouche-
rie. The first and third methods required
that the timber should be seasoned and free

from sap.

The author described each patented pro-
cess at some length, mentioning how it is
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carried out, the advantages and disadvant-

ages in each case, and the conditions under

which it has any practical benefit. In no

case did the evidence regarding the value of

the process seem to equal that in favor of

the creosoting process patented by Bethell,

at all events if the timber is to be exposed

to the weather or to be used in structural

works which are subjected to the action of

either fresh water or salt water.

Kyanising, or injecting corrosive subli-

mate (chloride of mercury) into timber, is

very expensive if properly done ; and he-

sides this there is the fact that it is practi-

cally useless, inasmuch as it has been found

that kyanised piles, after three years' im-

mersion in the sea, did not contain a trace

of the preservative compound.

Sulphate of copper, first suggested as a

preservative agent by Margary, and after-

wards employed largely by Boucherie, may
be used to prevent dry rot in timber ; but

for piers, bridges, railway sleepers, and

other structures which are exposed to the

action of water, it has no practical value, as

the water dissolves out the salt with great

rapidity. Timber prepared with this salt,

and used for marine purposes, is as readily

destroyed by the teredo and the limnoria as

unprepared timber.

In Payne's process solution of sulphate of

iron is first absorbed into the wood, and

afterwards carbonate of soda. Double de-

composition ensues, and the practical result

is the formation of oxide of iron, the deposi-

tion of which renders wood brittle, and does

not prevent the attacks of either of the ani-

mals just named.

Of Sir William Burnett's chloride of zinc

process the author could say nothing from

personal experience. The essential part of

the chemical action of the compound is the

formation of an insoluble coagulum with the

albumen of the wood. It is claimed for the

Burnett process that it renders wood proof

against the attacks of the white ants in In-

dia; and wood for in-door purposes is per

manently improved by iti

Bethell's patent process for preserving

timber by the use of creosote pitch oil is

the only one which really accomplishes the

object aimed at, although many patents for

the use of oleaginous substances had been

secured prior to the year 1838, with the

same object in view. Creosote acts very

powerfully in coagulating the albumen con-

tained in the cells of the wood, and besides

this it effectually preserves the fiber of the

timber, and hence its value over all other

so-called preservative agents.

The apparatus required in the creosoting

process consists of an injecting cylinder,

generally about six feet in diameter, and
varying from 30 feet to 70 feet long, to-

gether with exhaust and pressure pumps, an
oil tank, and the requisite piping connexions.

It is not unusul to have both ends of the

cylinders open, so that the timber may be
entered at one end and removed at the ether

with the greatest facility, and to have them
fitted with air-tight iron doors, which are

removable at pleasure. When the cylinder

is charged with timber, and the door or doors

properly secured, the air is extracted by the

air pump, both from the interior of the cyl-

inder and from the pores of the wood. A
vacuum being produced in the cylinder, the

oil, which has been heated in the tank by
steam pipes to a temperature of about 120 g

fahr., is allowed to rush in, and when the

cylinder is full, the inlet pipe is shut and
the pressure pumps are started to force the

oil into the wood, the pressure being main-

tained at from 150 lbs. to 200 lbs. on the

square inch until the wood has absorbed the

required quantity of oil, which is learned

by reference to an index gauge. For land

purposes the amount of oil recommended is

eight lbs. to the cubic foot of wood, and for

marine purposes from 10 to 12 lbs. per cubic

foot. In France, Belgium and Holland, the

quantity used varies [from 16 lbs. to 26 lbs.

per cubic foot when the timber is intended

for marine works. Beech wood has absorbed

as much as 31 lbs. of oil per cubic foot, and
when used for railway platforms or harbor

works, it is doubtless the cheapest and most
durable material that can be used.

Creosote (or pitch oil, as it is more com-
monly called in Scotland) is obtained in the

distillation of coal tar, the other ingredients

being ammoniacal liquor, crude naphtha,

and the residual pitch. The coal tar of

Scotch gas works generally yields about 25

per cent of oil which distils over at temper-

atures ranging from 400 c> to 700° fahr. ; in

England, however, the amount is only about

20 per cent. The author estimates the an-

nual yield of pitch oil in Scotland at one

million gallons, almost the whole of which
is used for creosoting purposes. It is pro-

bable that creosote owes its valuable antisep-

tic property to the presence in it of from five

to fourteen per cent of crude carbolic acid, but

which could not be used by itself for outdoor

purposes, as it is slightly soluble in water.
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According to Dr. Letheby, creosote acts

as a preservative agent in the following

ways :

1st. It coagulates albuminous substances

and gives stability to the constituents of the

cambium and cellulose of the young wood.

2d. It absorbs and appropriates the oxy-

gen which is within the pores of the wood,

and so checks, or rather prevents the erema-

causis of the ligneous tissue.

3d. It resinifies within the pores of the

wood, and in this way shuts out both air and

moisture.

4th. It acts as a positive poison to the

lower forms of animal and vegetable life,

and so protects the wood from the attacks

of fungi, acari, and other parasites.

Since the creosoting process was first in-

troduced in the year 1838 it has been ex-

tensively employed in Great Britain and

Ireland ; in all countries on the continent

where creosote oil can be obtained—France,

Holland, Belgium, Germany, Spain, Portu-

gal, and Italy; and in India, Cape Colony,

Brazil, and other tropical countries, to pre-

serve timber from the attacks of the white

ant. Wherever it has been properly carried

out it has been completely successful.

Of late, many railway companies have

discontinued the use of creosoted sleepers,

not from any failure of the process, but from

the wear and tear of the sleepers caused by
the chairs cutting down into them and grad-

ually rendering them useless. This mecha-

nical injury to the sleepers would be great-

ly lessened were the base of the chair made
broader. According to Mr. Deas, late en-

gineer on the western section of the North
British Railway, it will doubtless be less

and less the practice of railway companies

in this country, under the present financial

depression, to creosote or otherwise pre-

serve their sleepers, as the cost of the oper-

ation—6d. to 8d. per sleeper—is such a high

proportion to the original cost of the sleeper,

which is generally from 2s. 2d. to 2s. 6d. for

each, while, owing to the cutting-down ac-

tion of the chairs, the prepared sleeper be-

comes useless for permanent wear almost as

soon as one unprepared.

For harbor works in Scotland the creosot-

ing process has been largely used. At Leith,

the west pier, consisting of 1,013 main
piles, is entirely constructed of creosoted

timber, and the extension of the east pier

contains 312 main piles, also creosoted.

—

These erections were commenced in 1848,
and finished in 1853, and at the present

time they are as perfectly sound as the first

day they were put down. The gates of the
new dock now being constructed at that port
are made of creosoted pine bound with
greenheart timber, the quantity of oil used
being ten lbs. per cubic foot. At Glasgow all

the wooden wharves, with the exception of
the steamboat quay, are constructed of creo-
soted pine, eight lbs. of oil to the cubic foot.

The whole of the wharves at the Kingston
Dock are built of creosoted wood, the same
quantity of oil being used. At Port-Glas-
gow and Greenock timber prepared by the
Bethell process is largely used, and the
same is true of nearly every port in Eng-
land. Much attention has been given to

the creosoting process by the Belgian Gov-
ernment, and so satisfactory have the expe-
riments been that no other process is used
by that government. Very full and inter-

esting accounts of the Belgian experiments
upon the creosoting process have been pre-
pared by M. L. Crepin, ingenieur des Ponts
et Chaussees, especially in " Annales des
Travaux Publics de Belgique," vol. xxi.,

1864. M. Crepin affirms that wood retains
all its former elasticity in the creosoted
state, and acquires a density which it did
not possess in the unprepared condition. M.
A. Forestier, engineer-in-chief for the de-
partment of La Vendee, made a very minute
and elaborate report for the Paris Exhibi-
tion of 1867 on the creosoting process and
experiments made with it on timber used in
both land and marine works in France ; and
in that country the process is also largely
employed.

HOW STEREOTYPE-PLATES ARE MADE.
From the " American Artisan."

The surface of the types, set up as for

printing, is first treated in the same man-
ner as for electrotyping, except that it is oil-

ed instead of being coated with black-lead.

This being done, what is technically called

a flask, simply a kind of rectangular frame
is placed upon the chase. Plaster-of-Paris

brought to the suitable consistency with wa-
ter is then poured into the flask and upon
the surface of the type locked up in the
chase, and suffered to harden. This being
done, the plaster mold thus formed is brought
away from the chase, and consequently from
the face of the type, by means of screws ar-

ranged at the corners of the flask. By this

means the surface of the mold is kept intact

from injury, which would occur if the move-
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ment of the flask in removing the plaster

from the projecting faces of the type were

irregular, or even very slightly in a lateral

direction. When the mold has been com-
pletely detached from the face of the type it

is fitted into a cast-iron pan, and both pan

and mold are sunk to the bottom of a cald-

ron of melted stereotype metal, which is

somewhat different from, although closely

resembling, ordinary type metal. This

caldron is, of course, arranged over a suita-

ble surface. The mold is suffered thus to

remain in the molten metal until the heat of

the latter has completely dissipated all the

moisture of the mold, so that the metal pene-

trates without blowing into all the interstices

of the mold. The mold being lifted from
the caldron is filled with the molten metal,

which on cooling constitutes the stereotype,

requiring only the finishing operations of

planing to thickness and the like to fit it for

use in printing. These, being substantially

the same as in the case of electrotypes, re-

quire no further description here. It should

be mentioned, however, that previous to be-

ing thus finished, the plaster or material

that may adhere to the plate must be re-

moved therefrom by thorough washing, faci-

litated by the active application of a brush.

It is sometimes preferred that the plates

should be cast in clay molds, instead of in

those formed of plaster, the clay taking a

better impression of low space work than the

plaster, and having the additional advan-

tage that it does not fill up the faces of the

type like the plaster ; this advantage obvia-

ting all necessity for cleaning the type after

forming the mold, as is essential in the other

case.

The material of which the clay molds are

formed is common kaolin or potter's clay,

mingled with powdered soapstone and pro-

perly tempered. Previous to use it is

wrought and worked up with a solution of

gum-arabic, and a little plaster is added.

—

Being brought to the requisite condition and

consistency, it is spread upon the platen of

a press, and the impression of the type or

other surface is taken in the same way that

the impression upon was is taken in the pre-

liminary part of the process of electrotyping.

The clay thus impressed forms the mold that

is to be, and is dried either in an oven con-

trived for the purpose, or by simply placing

it upon the top of an ordinary furnace.

—

When the clay molds have become thor-

oughly dried, they are placed one over an-

other and surrounded by metallic frames,

which not only serve to close their sides, but
also to keep them the requisite distance

apart. When thus arranged the molten
metal is poured into the spaces between:
and on cooling forms the stereotype-plates

in the same manner as if cast in the sepa-

rate plaster molds. Plates may be cast

more cheaply by the use of the clay-mnlds
than by the others, and for all ordinary pur-

poses the work is just as good. Where fine

and sharp impressions are required, how-
ever, there is no mode of stereotyping that

gives as good results as the plaster method.
As an addenda to the above description

of the manner of making stereotypes prac-

ticed by Messrs. Lovejoy, Son & Co., we
give a brief sketch of another process—the

papier-mache process—employed in making
the plates used in printing the large editions

of some of the morning papers of this city,

for which the simple forms of type alone

would be wholly inadequate.

In carrying out this process a sheet of

blotting paper of suitable size is covered on
one side with a coating of paste prepared
especially for the purpose, and upon this,

and carefully smoothed with the hand, is

placed a sheet of tissue-paper. This sheet

it cut into pieces corresponding in size to the

pages to be stereotjqjed, and each piece is

coated on its face or tissue side with finely-

powdered French chalk, applied with a soft

brush. The surface of the page of type is

sparingly coated with salad-oil, and the pa-

per, face downward, is laid upon the surface

of the type. This being done, a piece of

damp linen is laid upon the back of the pa-

per, and the paper is then beaten down upon
the surface and into the type by means of

what is known in the trade as a beating-

brush, care being taken to bring the brush
flatly down upon the paper at each stroke.

When the paper has been well beaten into

the type in this manner the cloth is remov-
ed, a piece of cartridge-paper is pasted upon
the back of the paper matrix just formed,

and the beating operation is repeated. This
being done, the matrix, still upon the type,

is subjected to the action of a press, and af-

terwards suffered to dry somewhat, which
ordinarily requires but a few minutes, after

which the matrix is gently lifted and sepa-

rated from the type.

In casting the plate the matrix is fitted in

what is termed a mold, and the metal is

poured in, and, filling the mold, on cooling

forms the plate, which, if all the various

operations of the process have been properly



VAN NGSTRAND'S ENGINEERING MAGAZINE. 411

carried on, easily separates from the matrix,

and by a few finishing touches is rendered

fit for use.

This papier-mache process has the advan-

tages of cheapness and quickness in making

the plates, and the latter are about equal in

quality to those made in the clay molds

above described. It is found, however,

that the beating of the paper upon the type

destroys, in time, the hair lines upon the

latter, and thus impairs their value. An-

other objection to this plan lies in the dete-

rioration of the type-metal, which is found

to occur, for some unexplained reason, when
the metal is cast upon the paper material of

the matrix.

COMMUNICATION BETWEEN ENGLAND
AND FRANCE.

From " Engineering."

The prospects, engineering and commer-

cial, of a tunnel beneath the Dover straits,

the possibility of constructing such a work,

and the chances of a profitable issue if it

were ever completed, are at last in a fair

way of being thoroughly investigated and

decided, so far as it is possible for able en-

gineering foresight to decide them. It is at

least a satisfaction to know that the idlers

who, with scarcely capacity to lay a water

main, treat the construction of twenty-five

miles of submarine tunnel as a mere trifle,

will perforce cease from troubling with their

visionary executive and revenue estimates

when a sound opinion has been given on the

matter. It is but just, however, to all these

schemers to admit, that their perseverance

has done something to impress the fact that

the present means of communication with

the Continent are eminently inefficient and

unsatisfactory.

It may be, for the limits of possibility

cannot be set, that the next generation will

Bee the completion of a railway ligature

joining France and England, and that the

traffic will have increased so enormously as

to pay the high dividends which alone could

remunerate the venturous capitalists for

their precarious investment. But this, as

yet, is beyond the province of sober belief;

and thei*e is no reason to imagine, as the

advocates of the Channel Tunnel would
have us imagine, that passengers would
travel in millions beneath the bed of the

sea, instead of in thousands on its surface,

or that, to the popular mind, an hour of

mental agony in a tunnel would be wel-

comed in exchange for sixty minutes' physi-

cal discomfort on the surface. Assuming,
however, for a moment that such a scheme
has been pronounced feasible, and that the

twelve millions or so have been raised for

the work, England and the Continent would
have to wait patiently for, perhaps, a quar-

ter of a century till the tunnel was complet-

ed; so that, at least pending the construc-

tion of this great undertaking, we must look

for some efficient, if only temporary, means
for superseding the present miserable accom-
modation.

Such a plan is offered by Mr. John Fow-
ler, and the other engineers associated with

him, in his English and Continental Inter-

communication scheme, deposited last Ses-

sion, and postponed till next year, for the

adjustment of preliminary arrangements,

and for the further consideration of the pro-

ject. It is, indeed, no matter for regret

that, publicly, the bill will lie dormant till

next Session, for the interval will give time
for present opposition to be converted in

future co-operation, while the agitation of

the permanent communication advocates

will urge forward the undertaking.

The route chosen for the crossing is from
Dover to Audrecelles, which latter port

offers far greater advantages than does the

coast at Calais. A shorter course—only 23
miles from dock to dock—deeper water, an
absence of shifting sand-banks, and a com-
plete protection from the easterly and north-

easterly winds under the lee of Cape Gris-

nez, whose lighthouse would direct the

course, are among the obvious advantages of

the new proposed route. The construction

of a few miles of railway from Audrecelles
to Wimereux, will save the journey from
Calais to the latter station, and shorten the
distance to Paris by fourteen miles, although
of course travelers to Brussels and towards
the north would suffer this disadvantage
now incurred by those who have Paris for

their destination. As the former class of
travelers are, if anything, a little more
numerous than the latter, it follows that the

traffic of the railway would be increased by
the change of landing places, even if the

increased facilities of crossing did not stim-

ulate travel. But of this there can be no
doubt, although not in the extravagant de-

gree claimed by the tunnel advocates, who
must look forward to an unceasing stream of

about 250 passengers per hour throughout
the year, and an increase of goods' traffic in

like degree, to earn a revenue sufficient to
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pay their dividends and maintenance ex-

penses. This may come in the future, cre-

ated by the submarine link, but so far as we
can see there is not a single advantage,

claimed for the permanent communication,

which is not possessed by the ferry, whilst

the latter scheme is, on the other hand, free

from the objections fatal to the tunnel.

A moderate capital, easily obtained, would
suffice in a short time to establish a perfect-

ly efficient and satisfactory service, that

would so far encourage and increase traffic

as to produce a revenue representing a large

return upon the outlay. The railway com-
panies, both English and Continental, would
obtain corresponding advantages with the

increasing traffic promoted by the new
service, and above all, of far more import-

ance than the new comfort derived by pas-

sengers, a satisfactory means of transport-

ing merchandize would be gained, and the

delays and injuries to which goods are now
constantly exposed would be avoided. Con-
centrating at Audrecelles from all parts of

Europe, the goods' wagons would be trans

ported to the opposite dock to the benefit of

the Chatham and Dover and of the South-

Eastern Railways, which would necessarily

secure through the ferry the bulk of the

merchandize that is now exported for the

various shipping places of the Continent to

the English ports.

Offering all these advantages, we cannot

doubt that the English and Continental In-

tercommunication bill will be freely passed

next Session, and that the works will be

commenced without delay. The public and
the railway companies are alike interested

in its completion, and though it may have in

its turn to give place to a permanent com-
munication, it will have probably a half cen-

tury of good service without competition,

and it would afterwards doubtless be leased,

and kept in working order by the tunnel

company, in the event of any contingency',

to which that great work, after its comple-

tion, might in the course of nature be liable.

The Pennsylvania Ironworks, Ches-

ter, Pa., have closed a contract with

parties in New York for the building of a

number of iron steam-colliers for the coast-

ing trade, having a carrying capacity of

about 600 tons. They are only the pioneer

vessels of a projected large fleet for cheaply

transporting coal from the most convenient

points of shipment to consumers. Some rail-

way companies are interested inthe enterprise.

THE INDICATOR,

PRACTICAL DIRECTIONS FOR APPLYING
AND TAKING CARE OP THE INSTRUMENT.

From Porter's "Richard's Steatn Indicator."

I.

Of Attaching the Indicator.—When
it is practicable, diagrams should be
taken from each end of the cylinder. The
assumption commonly made, that if the
valves are set equal, the diagram from one
end will be like that from the other, will be
shown by this instrument to be erroneous.

This is owing to the difference in the speed
of the piston at the opposite ends of the cyl-

inder, which is, at the outer end of a direct-

acting engine, from 35 per cent to 66 per
cent greater than at the crank-end, the dif-

ference varying according to the degree of
angular vibration of the connecting-rod. In
side-lever or beam-engines, these proportions

are reversed, and the speed of the piston is

greater at the upper end of the cylinder.

Often, also, there is a difference in the
lengths of the thoroughfares, and in the lead,

or amount of opening, or the point closing
;

and many times the valves are supposed to

be correctly set, when this Indicator will

show that they are not. These and many
ether causes, will make a difference in the

diagrams obtained from the opposite sides

of the piston.

One use of the Indicator is in fact to

show whether or not the diagrams from op-

posite ends of the cylinder are alike.

Pipes to be Avoided.—The Indicator

should be fixed close to the cylinder, espe-

cially on engines working at high speeds.

If pipes must be used, they should not be
smaller than half an inch in diameter, and
five-eighths in the bends, and as short and
direct as possible. Any engineer can satisfy

himself with this instrument, that each inch

of pipe occasions a perceptible fall of pres-

sure between the engine and the Indicator,

varying according to its size and number of

bends and the speed of the piston. Dia-

grams have been known to show, from this

cause alone, 40 per cent less pressure than

was actually in the cylinder. Probably the

diagrams taken from engines, generally

show in nine cases out of ten, the lead or

the pressure or both, untruly, from the in-

correct manner in which the instrument is

attached.

Where to Connect the Indicator.—
On vertical cylinders, for the upper end, the
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Indicator cock is usually screwed into the

cover. Sometimes it is attached where

the oil-cup is set, this being removed for

the purpose. For the lower end, it is ne-

cessary to drill into the side of the cylinder,

at a convenient point in the space between

the cylinder bottom and the piston, when on

the center, and screw in a short bent pipe,

with a socket on the end to receive the In-

dicator cock. This Indicator can be used

in a horizontal position, but it will be found

much more convenient to put in a bent pipe,

and set it vertical. Sometimes it will be

necessary to drill in the side of the cylinder

at the upper end also, especially in double

cylinder engines having parallel motions,

when the Indicator cannot generally be set

on the covers. Care must be taken that the

piston does not cover the hole when on the

center. No putty is necessary to make
these small joints, and it should never be

used, as it is liable to clog the instrument.

If the screw fits loosely, a few threads of

cotton wound round the stem will prevent

the escape of steam.

On horizontal engines, the best place for

the Indicator is on the top or upper side, at

each end ; if it cannot be placed there, bent

pipes maybe screwed into the covers or into

the side of the cylinder. In other respects

follow the directions given for vertical en-

gines. The Indicator should never be set

to communicate with the thoroughfares. The
eurrent of steam past the end of the pipe or

the hole reduces the pressure in the instru-

ment, and the diagram given is utterly

worthless, as any engineer can readily as-

certain by making the experiment.

The stop-cock being screwed firmly in its

place, screw the Indicator down to its seat,

turning it to the most convenient position,

and make it fast by turning the coupling

;

then move the guiding-pull. -ys to their pro-

per position to receive the cord, and the in-

strument is in readiness for use.

II.

Op Giving Motion to the Paper,.—
The Drum the best Means.—The revolution

of a drum is probably the most correct as

well as convenient method of giving motion
to the paper. It may be supposed that a

flat slide, worked by positive means, would
have a perfectly accurate motion ; but, in

fact, at high velocities, where alone any
trouble is met with, the difficulties involved

in its use are more troublesome than those

presented by the cylinder. In most cases

the connecting-rod must necessarily be some-

what long; it must not tremble, or the line

on the paper will be tremulous, and the

weight required for stiffness, joined to the

weight of the slide, causes a momentum,
which, if the rod is worked by a vibrating

arm, will give to the paper, on each center,

a motion opposite to that of the piston of the

engine ; and precisely at these points it is

of the greatest consequence that the two
motions shall coincide.

In the use of the cylinder at any speed,

the question of obtaining a positive motion,

if there is no elasticity in the cord or the

parts to which it is connected, is simply one

of proportion between the momentum of the

revolving parts and the strength of the

spring by which this is resisted. In this

Indicator these parts are made as light as

possible, consistently with other require-

ments, and the spring is of such strength

that they may be reciprocated from '250 to

300 times per minute, without any increase

in the length of the diagram, and of course,

therefore, without any error in the motion.

There is no difference in the construction of

these Indicators in this respect, it being in-

tended that every instrument shall be appli-

cable to any engine.

From what Points to derive the Mo-
tion.—This may be taken from any part of

the engine which has a motion coincident

with that of the piston. For a beam-engine a

point on the beam, or beam-center, or on the

parallel-motion rods where these are em-

ployed, will give the proper motion ; but

care must be taken that the cord be led off

in the right direction—a requirement which

is sometimes overlooked ; afterwards its di-

rection of motion may be changed as re-

quired.

In some cases it is most convenient to

take the motion from a point on the end of

the revolving shaft ; this is frequetly the

case on horizontal engines, working at high

speeds, because then the motion does not

need to be reduced. Exact accuracy cannot

be got in this way, however, without em-
ploying a moving slide and connecting it

with the pin in the end of the shaft by a rod

or cord of such length that its angular vi-

bration shall be the same as that of the

connecting»rocl. This will be found gener-

ally a troublesome matter, and the engineer

will probably prefer, in most oases, to disre-

gard the error resulting from its omission—

•

which is, that the motion of the paper will

be more nearly equal at the two ends of tha
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stroke, being slower than that of the piston

at the one end, and faster at the other. The
crank or pin from which the cord receives

its motion must be on its center, relatively

to the direction of the cord, whatever that

direction may be, precisely when the crank

of the engine is on its center. If this re-

quirement is not carefully attended to, the

diagram will be worthless. Generally, on

horizontal engines, the motion of the paper

is taken from the cross-head. In an engine-

room, a strip of deal board may be suspend-

ed from the ceiling in such a manner as to

permit it to swing backward and forward,

edgeways, by the side of the guides, and
motion may be given to it by a pin secured

firmly to the cross-head, and projecting

through a slot in the board, in which it

should fit nicely to prevent lost time on the

centers. The board must hang plumb when
the piston is in the middle of its stroke.

The cord may be connected to this strip of

board at a point sufficiently near to its point

of suspension to give the required reduction

of motion for the paper, and must be led off

in a horizontal direction, and then over one
or more pulleys in any required direction to

the Indicator. At high speeds, however,
pulleys should be avoided. On portable

engines, the motion may be obtained in the

manner just described, the lever swinging
from a pin supported in a standard about

two feet in height, set on one of the guide-

bars.

On locomotives having outside connex-

ions, the motion must be taken from the

cross-head. It is indisputably necessary to

use only a short direct cord, free from elas-

ticity, and connected to a point, the motion

of which is reduced from that of the cross-

head by positive means. Care must be ta-

ken also to so proportion the parts employ-

ed for this purpose, that the point at which

the cord is connected shall have a positive

motion without any fling, a matter not by
any means free from difficulty at 250 revo-

lutions per minute. A rock-shaft, turning

in bushings, supported by two angle iron

standards precisely over the mid-position of

that point of the cross-head from which the

motion is derived, affords perhaps the best

means of reducing the motion. A long-arm
is worked by the cross-head, and a short-

arm gives motion to the cord. The short-

arm must be keyed in such a position that

when the piston is in the middle of its stroke

it will stand at right angles with the direc-

tion of the cord, whatever that may be.-—

The direction of the cord may form any ne-

cessary angle with the horizontal line, but

must be at right angles with the rock -shaft.

On locomotives having inside connexions,

and a single pair of driving-wheels, where

it is practicable, it will be found the better

way to take the motion from a pin set in the

end of the shaft, and to communicate it by
a connecting-rod to a point convenient for

attaching the cord. The parts should be

all substantially made ; the momentum of

the connecting-rod will be perfectly resisted

by the pin. On oscillating engines, the mo-
tion may be taken from the brasses at the

end of the piston-rod. If the stroke is long,

it is sometimes difficult to reduce this mo-

tion to that required for the paper, and in

such cases it is necessary to take the motion

from an eccentric on the main shaft, to a

point as near as possible to the trunnion,

and thence to communicate it to the Indi-

cator. In all these connexious, it is of the

first consequence that there be no lost time

which will require to be made up on every

center, and will thus cause the paper to

stand still while the piston is moving.

Pulleys of different diameters on the same
spindle have been often used as a means of

reducing the motion from that of the cross-

head, but we do not recommend them ; at

high speeds it is very difficult to make them
answer. The experience of the careful ope-

rator will teach him to guard against the

various causes of error here mentioned, and
others which will arise in the great diversity

of situations in which the Indicator is used,

and the effects of which are the more mis-

chievous, because often the diagram itself

furnishes no means of detecting them. The
mathematician will perceive that perfect ac-

curacy of motion is attained by only a very

few of the methods here suggested. Most
of them are only approximately accurate,

but they are the best which can be readily

employed, and the errors which they in-

volve are too slight to be of practical mo-
ment. For the professional engineer, of

course, directions are unnecessary.

III.

HOW TO TAKE A DIAGRAM.

—

To fix the

Paper,—-Take the outer cylinder off from the

instrument, secure the lower edge of the

paper, near the corner, by one spring, then

bend the paper round the cylinder, and in-

sert the other corner between the springs.

The paper should be long enough to let each

end project at least half an inch between
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the springs. Take the two projecting ends

with the thumb and finger, and draw the

paper down, taking care that it lies quite

smooth and tight, and that the corners come
fairly together, and replace the cylinder.

The spring used on this Indicator for hold-

ing the paper will be found preferable to the

hinged clamp. A little practice, with at-

tention to the above directions, will enable

any one to fix the paper readily.

The marking-point should be fine and
smooth, so as to draw a fine line, but not

cut the paper. It may be made of a brass

wire : the best material is gun-metal, which
keeps sharp for a long time, and the line

made by it is very durable. Lines drawn
by German silver points are liable to fade.

A large-sized common pin, a little blunted,

answers for a marking-point very well in-

deed ; a small file and bit of emery cloth

used occasionally will keep the point in order.

To Connect the Cord.—The Indicator
having been attached, and the correct motion
obtained for the drum, and the paper fixed,

the next thing is to see that the cord is of

the proper leugth to bring the diagram in

its right place on the paper—that is, mid-
way, between the springs which hold the

paper on the drum. In order to connect
and disconnect readily, the short cord on
the Indicator is furnished with a hook, and
at the end of the cord coming from the en-

gine, a running loop may be rove in a thin
strip of metal, in the manner shown in the
following cut,

so that it can be readily adjusted to the

proper length, and taken up from time to

time, as it may become stretched by use.

On high-speed engines, it is as well, instead

of using this, to adjust the cord and take up
the stretching, as it takes place, by tying

knots in the cord. If the cord becomes wet
and shrinks, the knots may need to be un-

tied, but this rarely happens. The length

of the diagram drawn at high-speeds should
not exceed four and a half inches, to allow

changes in the length of the cord to take
place to some extent, without causing the
drum to revolve to the limit of its motion in

either direction. On the other hand, the

diagram should never be drawn shorter than
is necessary for this purpose.

• To take the Diagram.—Everything be-

ing in readiness, turn the handle of the stop-

cock to a vertical position, and let the piston

of the Indicator play for a few moments,
while the instrument become warmed. Then
turn the handle horizontally to the piston in

which the cummunication is opened between
the under side of the piston and the atmos-

phere, hook on the cord and draw the atmos-

pheric line. Then turn the handle back to

its vertical position and take the diagram.

When the handle stands vertical, the com-
munication with the cylinder is wide open,

and care should be observed that it does

stand in that position whenever a diagram is

taken, so that this communication shall not

be in the least obstructed. The instrument

is provided with a stop, to prevent the mark-
ing point from tearing the paper. The arm
is to be pressed firmly up to this stop. If

the line drawn is faint, the point must be

screwed up and back if the line is too heavy.

The elasticity of the parallel arms gives the

light pressure required on the paper. As
the hand of the operator cannot follow the

motions of an oscillating cylinder, it is ne-

cessary that the point be held in contact

with the paper by a light spring, and instru-

ments to be used on engines of this class are

furnished with an attachment for this pur-

pose. Diagrams should not be taken from
an engine until some time after starting, so

that the water condensed;; in warming the

cylinder, &c, shall have passed away. Water
in the cylinder in excess always distorts the

diagram, and sometimes into very singular

forms. The drip-cocks should be shut when
diagrams are being taken. As soon as the

diagram is taken, unhook the cord ; the paper

cylinder should not be kept in motion un-

necessarily, it only wears out the spring, es-

pecially at high velocities. Then remove
the paper, and minute on the back of it at

once as many of the following particulars as

you have the means of ascertaining, viz :

The date of taking the diagram and scale

of the Indicator.

The engine from which the diagram is

taken, which end, and which engine, if one

of a pair.

The length of the stroke, the diameter of

the cylinder, and the number of double

strokes per minute.

The size of the ports, the kind of valve

employed, the lap and lead of the valve, a&d
the exhaust lead,

The amount which the waste-room, in

clearance and thoroughfares, adds to the

length of the cylinder.
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The pressure of steam in the boiler, the

diameter and length of the pipe, the size and
position of the thi-ottle (if any), and the

point of cut-off.

On a locomotive, the diameter of the driv-

ing wheels, and the size of the blast orifice,

the weight of the train, and the gradient, or

curve.

On a condensing-engine, the vacuum by
the guage, the kind of condenser employed,
the quantity of water used for one stroke of

the engine, its temperature, and that of the
discharge, the size of the air-pump and
length of its stroke, whether single or double-
acting, and, if driven independently of the

engine, the number of its strokes per minute,
and the height of the barometer.

The description of boiler used, the tem-
perature of feed-water, the consumption of

fuel and of water per hour, and whether the

boilers, pipes and engine are protected from
loss of heat by radiation, and if so to what
extent.

In addition to these, there are often spe-

cial circumstances which should be noted.

IV.

How to Keep the Indicator in Or-
der.—The Indicator will not continue to

work well, unless it is kept in good order.

When used, it generally becomes full of

water, which willlrust and thus weaken the

spring, and the swain often contains impu-
rities and grit, a portion of which is lodged
in it. After the Indicator has been used,

and before putting it up, unscrew the cover

of the cylinder case, and draw off the upper
ferule, with the pencil movement and the

piston and spring attached, empty the water
from the cylinder case, carefully clean aud
dry all the parts, and replace them, lubri-

cating the cylinder with a few drops of oil

which is entirely free from gum. The cy-

linder is not to be removed from the case

under any circumstances ; the operation

above directed gives complete access to it.

Sometimes the surfaces of the piston and
cylinder become scratched or roughened by
impurities in the steam, a fact which will

be detected at once in the diagram by the

unsteadiness of the line. If this shows the

existence of any obstruction to the perfectly

free action of the Indicator, take the instru-

Bient apart, as for cleaning, and remove the

spring, then replace the piston in the cylin-

der after cleaning and lubricating them
;

screw on the cover to guide the stem, and
Jub the piston up and down in the cylinder,

at the same time revolving the stem between
the thumb and finger. The surfaces will

quickly wear each other smooth ; no grind-

ing or polishing material should be used, but
the piston should be taken out once or twice

during the operation, and the surfaces clean-

ed. The piston, if dry, ought to drop per-

fectly free from every position. Before re-

placing, lift the levers and let them fall, to

see if their action also is entirely free.

—

Then replace everything, taking care to

screw the heads of the spring firmly up to

the piston and cover. The paper cylinder

requires to be lubricated occasionally with a

drop or two of pure oil applied at the end of

the arbor, also the leading pulleys and the

joints of the pencil movement.

V.

How to Change the Springs.—Un-
screw the coupling from the end of the pis-

ton-stem, the cover from the cylinder-case,

and the spring from the piston and cover ;

introduce the new spring, and screw all up
firmly again.

The length of the springs for the differ-

ent scales are so proportioned to each other,

that the pencil will always come to the pro-

per position for drawing the atmospheric

line. In putting in the spring No. 1, the

head from which the barrel projects to stop

the compression of the spring should be

screwed to the cover and not to the piston.

Be careful that the heads are screwed up

firmly to the piston and cover.

The spring which gives reaction to the

paper cylinder is liable to break after con-

siderable use, especially on engines running

at high-speeds, for which reason this cylin-

der should never be left to run unnecessari-

ly. When breakage occurs a new spring

can be readily substituted, as follows : set

the Indicator on the engine, if there is no

other convenient means for holding it firmly,

and remove the cover of the spring case and

the broken spring. Then hook the new
spring on to the hook projecting from the

ferule on the arbor, coil it into the case,

and hook the end on the rim ; see that it is

coiled in the same direction with the cord. If

the string has not sufficient strength to keep

the cord quite tight, anGther coil must be

given to it, but it should not be coiled any

tighter than is necessary for this purpose.

Prices op Springs and Metallic
Paper.—The springs and metallic paper

may be procured from any parties who sell

these Indicators. The springs will be sent



VAN NOSTRAND'S ENGINEERING MAGAZINE. 417

free by post to any address, on receipt of

the price in stamps.
Prices.

£ a. d.

Piston springs, with boxwood scales, each. 10

Paper cylinder springs 1 6

Quire of metallic paper, cut into 360 dia-

gram sheets 4

Indicators for special purposes, or con-

taining special modifications, will be made
on application.

THE CENTRIFUGAL FORCE OF BELTS.

By W. J. Macquorn Rankine, C.E., LL.D., F.R.S.

From "The Engineer."

Object of this Communication.— It

is well known, through practical experience,

that a belt for communicating motion be-

tween two pulleys requires a greater tension

to prevent it from slipping when it runs at

a high than at a low speed. Various sup-

positions have been made to account for

this—such as that of the adhesion to the

belt of a layer of air, which at a very high

speed has not time to escape from between
the belt and the pulley. But the real cause

is simply the centrifugal force of the belt,

which acts against its tension, and therefore

slackens its grip of the pulleys. I have not
hitherto seen or heard of any investigation

of the laws of the action of centrifugal force

on belts and other flexible connecting bands
in machinery; and therefore, although it is

unlikely that the subject has up to this time
wholly escaped the notice of mathematicians,
it appears to me that it may be useful to

publish an account of the general nature of

such an investigation and a statement of the

practical rules to which it leads.*

For brevity's sake, the word " band " will

be used throughout this paper to denote any
flexible connecting piece by means of which
motion is communicated between pulleys,

whether a belt, a cord or a chain.

Centrifugal Tension of an Endless
Band.—The general principle of the ten-

sion produced in an endless band by centrifu-

gal force is closely analagous to that which
forms the foundation of the " hypothesis of
molecular vortices," a hypothesis proposed
in 1849t as a means of deducing the dy-

* The general law of the centrifugal tension of a
hand is demonstrated in "Thomson k Tait's Ele-
mentary Dynamics" (Oxford, 1868); but it is not
applied to questions of practical mechanics, which
are foreign to the subject of that treatise.

f See "Transactions of the Royal Society of Edin-
burgh," Vol. XX, 1850-1851.

Vol. T.—No. 5.-29.

namical theory of heat from the general laws

of dynamics, viz.: that a vortex or endless

circulating stream produces an outward pres-

sure against the inside of any vessel within

which it may be contained, of an arr,ount

proportional to the weight of matter con-

tained in an unit of length of that stream,

and to the square of its velocity, and inde-

pendent of the figure of the stream ; for it

can be proved, from the elementary laws of

dynamics, that if an endless band of any
figure whatsoever runs at a given speed, the

centrifugal force produces an uniform ten-

sion at each cross-section of the band equal

to the weight of a piece of the band, whose
length is twice the height from which a

heavy body must fall in order to acquire the

velocity of the band.

In symbols, let w be the weight of an

unit of length of the band ; v the speed at

which it runs, and g the velocity produced
by gravity in a second ( = 32*2 ft. or 9-81

meters); then the centrifugal tension (as it

may be called) has the following value :

i^ (1)

There are different ways of demonstrating
that proposition, the simplest being as fol-

lows : Consider any pair of cross sections of

the band at which the motions of the parti-

cles are parallel and contrary. Call those

cross sections A and B. The weight of

band which passes any given cross section

in a second is w v; the particles at A are

moving with the velocity -j- v, and the par-

ticles at B with the equal and contrary ve-

locity — v ; hence, in each second, a mass
of matter of the weight w v undergoes a

change of velocity amounting to 2 v; and,

according to the second law of motion, the

force in units of weight required to produce

. i . , • W 1) X 2 !) = 2 w d
s nthat change is — .. One° cr ar

half of that force is supplied by the tension

at A, and the other half by the tension at

B ; therefore the tension at each of those

and the same demonstration
£

points is

may be applied to every pair of points in

the band at which the motions are contrary.

Effect on the Band when in Mo-
tion.—The effect on the band when in mo-
tion is, that at any given point the tension

which produces pressure and friction on the

pulleys, or available tension, as it may be

called, is less than the total tension by an

amount equal to the centrifugal tension ; for

this amount is employed in compelling the
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particles of the band to circulate in a closed

or endless path. It is, of course, to the

total tension that the strength of the band
is to be adapted ; therefore the transverse

dimensions of a band for transmitting a

given force must be greater for a high than

for a low speed.

Rule tor Weight of Band.—One of

the most convenient ways of expressing the

size of a band is by stating its weight per

unit of length—for example, in pounds per

running foot, or in kilogrammes per meter.

When the size is expressed thus, the cor-

responding way of expressing the intensity

of any stress on the band is in lineal units

of itself, such as feet or meters. Let b de-

note the greatest safe-working tension on a

band of a given kind, in units of its own
length ; w, as before, the weight of an unit

of length ; so that w I is the amount of the

safe-working tension in units of weight.

Let T be the amount of the available ten-

sion required at the driving side of the band
for the transmission of power, being usually

from two to two and a half times the force

to be transmitted. Then the total tension is

T-\-
v^-=wl . . . (2)

whence it is obvious that the required weight
per unit of length is given by the following

formula

—

w=~^ (3)

I — -
S

For example, suppose that the band is a

wire rope—that the greatest working ten-

sion is to be equivalent to the weight of

2,900 ft. of the rope, and that it is to run at

100 ft. per second, then we have

I = 2900 ft. ;
j

— = 310 ft.

;

S
and consequently the weight per running
foot of the rope required is

T T
7/1 z=z - =r *

2900— 310 25UU
'

or about one-eighth part heavier than the

rope required for a speed so moderate as to

make the centrifugal tension unimportant.

In fixing the value of the greatest work-
ing tension on a wire rope, a proper deduc-

tion must of course be made for the stress

produced by the bending of the wires round
the pulleys. That stress is given in equiva-

lent length of rope by the expression —yr-

where D is the diameter of the smallest pul-

ley round which the rope passes, d the dia-

meter of the wire of which the rope is made,
and L the modulus of elasticity of the wire,

in length of itself—viz., about 8,000,000 ft.

or 2,4u0,000 meters. That is to say, let I

be the length of rope equivalent to the

greatest safe-working tension on a straight

rope ; I, as before, the length equivalent to

the actual greatest working tension, then

l=h~-f. • • • (4)

In the case of leathern belts b may be
estimated at about 660 ft. or 200 meters.

In the case of a leather belt running at

the rate of 100 ft. per second, the weight
per unit of length required in order to exert

a t>
-iven available tension is increased in the

ratio of
660 660 , ,

w^-=-, or to nearly dou-
660—310 350'

ble, as compared with that of a belt whose
centrifugal force is unimportant.

The sectional area of a leathern belt may
be calculated approximately in square inches

by multiplying the weight per running foot

by 2.3, or in square millimeters, by multi-

plying the weight in kilogrammes to the

running meter by 1,000.

The ordinary thickness of a single belt

being about 0.16 in., or four millimeters,

the breadth may be deduced from the sec-

tional area by dividing by that thickness.

The length (L) equivalent to the modulus
of elasticity of a leathern belt, as calculated

from Bevan's experiments, is about 23,000

ft., or 7,000 meters.

Tension op a Band when at Rest.
—It is sometimes requisite to determine the

tension which ought to be put upon the two

sides of a band when at rest, in order that,

when in motion, given tensions may be ex-

erted at the driving and returning sides.

The ordinary rule is to make that tension

the arithmetical mean between the intended

available tensions at the driving and return-

ing sides of the band ; and when the speed

is such that the effect of centrifugal force is

unimportant, that rule is sensibly correct.

It is sensibly correct also when the band
connects two pulleys that stand a long way
apart ; for example, in Hirn's system of
" Telodynamic Transmission," where the

spans between the pulleys, that are connect-

ed by means of an endless wire rope, are

sometimes 150 meters, or about 500 ft.

On the other hand, when the pulleys con-

* See Reuleaux. Constructionslehre fur Maschin-
enbau.
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nected by means of a fast-running band are

comparatively near together, the tension

which should be put upon each side of the

band when at rest is nearly equal to the

arithmetical mean between the total tensions

of the two sides of the band when in mo-
tion ; that is, the centrifugal tension has to

be added to the tension given by the pre-

ceding rule.

In intermediate cases the tension, when
at rest, has values intermediate between

those given by the two preceding rules ; and

when the band connects two pulleys, whose

axes are at or near the same level, it is ex-

pressed by the following formula, the result

of a mathematical investigation, of which it

is unnecessary to give the details here. Let

I, as before, denote the length of band
whose weight is equivalent to the total ten-

sion at the driving side when in motion ; V
the corresponding length for the returning

side; L the length equivalent to the modu-
lus of elasticity; c the half span, or half

distance between the pulleys ; l the length

of band whose weight is equivalent to the

tension required when at rest. Then, to a

degree of approximation sufficient for prac-

tice, we have

(5)

j I+ /'_ ^ Lc ( 1__, L_
2 g 2 ( ZV+L&~*~Sl"+Lc

The two extreme cases, to which the two
rules already given apply, are expressed as

L c
2

follows : When —
6-^- is a very large num-

ber, we have Z nearly = l+ V
being

the two sides ; and when -=—=- very

the mean between the available tensions of

Lc2

I

small fraction, we have

l nearly = -±-
;

being the mean between the total tensions

of the two sides of the band.

For example, let the band be a wire rope;

let v = 100 ft. per second ; so that— = 300
'

•

S
ft. Let the total and available tensions,

when in motion, be as follows :

Driving side, = 2,900; l-—= 2,590

Returning side, V = 1,605; V -— = 1,295

Means,

y-y
2,252.5

;

2 S
= 1,942.5

Let L = 8,000,000 ft. of rope, and let the

pulleys be 200 ft. apart, so that the half

span c = 100 ft. ; then the required tension

at rest is found to be equivalent to the

weight of the following length of rope

:

2,252| — 215 = 2,037-^- ft -
5

being intermediate between the mean of the

total tensions and the mean of the available

tensions, and somewhat nearer to the latter

than to the former.

In order to show, in a general way, how
the results expressed by the formulas and
the rules are arrived at, it may be stated

that the variations of the total tension,

when the speed of the band alters, depend
upon alterations in its length. When the

pulleys are very near each other, the two
sides of the band are sensibly straight, and
its alterations of length are insensible, so

that the total tensions at rest and in motion
are sensibly equal, and the centrifugal ten-

sion takes effect almost wholly in diminish-

ing the available tension. When, on the

other hand, the pulleys are far apart, the

two sides of the band hang in the form of

curves ; the band is free to alter its length

to a certain extent ; and part of the centri-

fugal tension takes effect in lengthening the

band and increasing the total tension, in-

stead of in diminishing the available tension;

and hence the mean total tension is some-

what greater than the tension when at rest,

and the available tension is not so much
diminished as in a shorter band. If the

span between the pulleys is wide enough,

nearly the whole of the centrifugal ten -ion

takes effect in lengthening the band and in-

creasing the total tension ; and the mean
available tension remains sensibly undimin-

ished.

This accounts for a fact, well known to

practical men, that in transmitting a given

power between a given pair of pulleys, a

long belt is less liable to slip than a short

belt.

Coal from Sea-weed.—Some time ago

the practice was introduced of convert-

ing marine algae by calcination into an ex-

cellent coal superior to ordinary wood char-

coal for filtering water, disinfecting sinks,

polishing glass and correcting the acidity

and decolorizing wines,—also for precipita-

ting and decolorizing vegetable alkaloids.

—

Until recently no value was attributed to

the marine algte—to-day it is an important

article of commerce in several islands.

—

An-
I
nales die Genie Civil.
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EXPLOSIVE COMPOUNDS FOR PROJEC-
TILES.

From "The Mechanics' Magazine."

Gunpowder, which has been in use for so

many years, may now be considered as per-

fect as it can be made, as regards projectile

force and uniformity of combustion. Recent
attempts have been made to employ.it in a

more condensed form, by compressing the

charges, but these have failed to a great ex-

tent. Of late years, several new explosive

compounds have been manufactured as sub-

stitutes for gunpowder, and they have, for

the most part, been described in our col-

umns. It is claimed for them, generally,

that they possess greater cleanliness, almost

total absence of smoke, less sensible recoil

for a given velocity of projectile, and reduc-

tion of danger in manufacture, as being less

violently explosive in an unconfined state.

—

These may be considered as the general

claims to superiority of the new explosives.

Being principally composed of vegetable

fibers nitrogenized, they might aptly be
termed explosive fibers. Those now in use

are known as gun-cotton, wood-powder, and
gun-felt. As a few years' experience only

in the production of these compounds can
be placed against as many centuries in the

production of gunpowder, it is reasonable to

expect further progress and improvement in

these new substances. When gun-cotton

was first discovered, its obvious advantages
induced several governments to adopt it in

the place of gunpowder. The nature of this

substance, however, not being thoroughly

understood, many serious accidents resulted

from its use. The too rapid combustion in-

jured arms in which it was employed, and
it was further found to lack uniformity in

firing ; in fact, for the most part, gun-cot-

ton was abandoned in disgust. Recently,

however, many ingenious methods have been
adopted to retard this great rapidity of com-
bustion, and although gun-cotton can be and
is used in shot-guns with comparative safety,

still it has not yet been produced with suffi-

cient uniformity or slowness of combustion
to shoot accurately in rifles. Until this be
done, it cannot be considered as a perfect

substitute for ordinary gunpowder. Gun-
cotton, however, can now be produced in

such a condition that it may be stored with
safety and without fear of deterioration ; and
thus prepared, it is largely used for mining
and engineering purposes.

Schultze's wood-powder is composed of

minute cubes of hard wood, treated in a man-
ner analogous to gun-cotton, and subsequent-

ly impregnated with other substances ; it is

used in a pure state, and requires compress-
ing with considerable force, in order to ob-

tain the best results. It can be fired in

rifles, and this is a proof of a certain amount
of uniformity, though it occupies a greater

volume than gunpowder to give an equal
initial velocity to the bullet. Reeves' gun-

felt—another comparatively recent invention

—is composed of vegetable fibers, which are

also treated analogously to gun-cotton, and
subsequently impregnated with other mate-

rials. This compound is also used in a pure

state, and can be fired in rifles. This ma-
terial was invented and is now being manu-
factured by Messrs. Reeves & Co., of Glas-

tonbury. It has been found to answer ex-

ceedingly well, both in sporting guns and in

rifles, but, pending some practical trials

which are to be made with this material in a

short time, we defer a further reference

either to its composition or its special per-

formances. These two last mentioned com-
pounds are made ofseveral different strengths,

and the weight of charges used relatively to

gunpowder is, of wood-powder, aliout one-

half, and gun felt one-third, i. e., one is three

times and the other double as strong as ordi-

nary powder. These new explosives ignite

at a much lower temperature than powder,

but being composed of less solid matter, the

combustion generates less heat, and as many
rounds can be fired in a gun or rifle with as

much safety as with gunpowder. The foul-

ing is also considerably lessened ; the igni-

tion, although quick, does not impart the

same sensible recoil. The more solid forms

of fiber, such as wood-powder, give more re-

coil than gun-felt, from which it may be in-

ferred that the elasticity of a compound to

a certain extent checks in itself the sudden

shock of ignition.

The reduction of recoil in military wea-

pons is of some importance, as it limits the

weight and velocity of the bullet. Action

and reaction on the bullet and breech of gun
may be the same, but when the gases are

generated in a gradual manner, the sensible

recoil must necessarily be reduced. Even
with gunpowder this can be proved by expe-

riment, as quick burning powder will give

much greater recoil, with the same initial

velocity imparted to the bullet, than a slow

burning one. No doubt, the, great portion

of the motive power exerted by explosives is

instantaneous in its action, and ought not to
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"be generated before it is required to act on

the projectile. A gas, doubtless, is elastic

according to its density, and, if permanent

in this respect (such as steam or compress-

ed air), could not be generated too quickly

to give velocity to a projectile. But with

all explosives, the reverse has been shown

to be desirable, i. e., provided a given charge

will consume in a barrel before a bullet quits

tlie muzzle of the arm. The slower the com-

bustion the greater the velocity communi-

cated to the bullet, the friction in the barrel

being greatly reducad. Last year, a public

trial took place with a view of testing the

new explosive substances. Some very fair

shooting was made with wood-powder and

gun-felt at 100 yards' range in rifles, the

latter equalling gunpowder in accuracy, and

the former within 30 per cent of it. If there

is to be any competition this year, it is to be

hoped that it will be at long ranges, that

being the true test with rifles, reference be-

ing made to the angle of elevation and abso-

lute deviation. As already intimated, some
further comparative experiments are to be

made with Schultze's wood-powder and
Reeves' gun-felt, to which we look forward

with interest, and the results of which we
shall place before our readers.

UNDULATING AND LEVEL RAILWAYS.

RELATIVE EXPENSES OF TRACTION.

From "Engineering."

A problem often and long discussed by
railway engineers abroad is that known as

the " equation of gradients ;" or, in other

words, what additional length of line, taken

as level, is represented by given gradients of

a given length and inclination ? Two lines

are, each, 100 miles in length. One is, we
will suppose, a dead level ; the other has

rising and falling gradients, ascending and
descending at rates varying from 1 in 1,000

to 1 in 60. How much longer, not in actual

distance, but in respect of working expenses,

is the latter than the former ? We are in

the habit of lumping all railway expenses at

so much " per train mile," the train being

either passenger or goods, and containing, in

the former case, anywhere from 15 to 1,000
passengers, and in the latter, anywhere from
20 to 300 tons of goods. But we are to sup-

pose the same trains over both the lines just

assumed. Let the undulating line start with
a mile of level, then five miles up of 1 in

1,000, then four miles up 1 in 100, then two

miles more up 1 in 80, to a summit 369.6 ft.

above the starting point. Let it then run

eight miles on a level ; then descend at the

rate of 1 in 200 for five miles, falling 132 ft.;

then five miles of level ; then ten miles up 1

in 264, i. e., rising 200 ft. ; then five miles

up 1 in 132, rising 200 ft. more to a point

637.6 ft. above the base. Let it then have

five miles more of 1 in 60, or an additional

rise of 440 ft., giving a summit, midway be-

tween the termini, 1,077.6 ft. above the

starting point. Let the line then descend

at the rate of 1 in 200 for five miles, falling

132 ft., then rise for ten miles at the rate of

1 in 400, thus rising again to the summit of

1,077.6 ft. Let it then descend for twenty

miles at the rate of 1 in 132, thus falling

800 ft. Let the line fall thence for ten miles

at the rate of 1 in 264, the fall being 200
ft., and let the remaining fall of 77.6 ft. take

place in the last five miles.

Those who take any interest in the subject

will sketch out the profile for themselves
;

those who do not will turn to another column
and read something else.

It will be seen that the line has a maxi-

mum gradient of 1 in 60 for five miles in one

direction, and a maximum of 1 in 132 for

twenty continuous miles in the other. The
sum of the ascents from either terminus

would be 1,341.6 ft., while the total rise and
fall would be, of course, twice as much, both
termini being at the same level. Supposing

the same trains to be run over the level and
the undulating line, how much longer is the

latter than the former—not in actual meas-
urement over its various undulations, for

that is easily calculable, and in any case very
little—but what length of level line could

be worked at the same expense ? It will

require but little consideration to perceive

that the question involves many points as to

speed, number of stops, position of stations,

the preponderance, if any, either way, of the

traflic, &c.

Suppose, however, trains of a total weight,

including engine, of 100 tons, are to be run
through, each way, stopping only midway.
The speed on the level line to be 40 miles

an hour, requiring 2^ hours running time.

The resistance, by Clark's formula, would
be 1,735 lbs., corresponding, at 3,520 ft. per
minute, to 185 horse power maintained for

2^ hours.

On the undulating line the train, apart

from all other resistances, would be lifted

1,341.6 ft. in ascending the various gradients

from either end, and if this ascent occupied
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an hour and a half, the average work expend-

ed upon gravity during that time would be

101 horse power. For

224,000 lbs.X 1341. G ft.= 101 H. P.
2,970,000 ft. lb.

The 224,000 lbs. being the weight of the

train, and the divisor, 2,970,000, the num-
ber of foot pounds in a horse-power, exerted

for an hour and a half ; corresponding to

83,000 ft. lb. in one minute. If the mean
speed of ascent from one end of the line to

the half-way summit be 33^ miles an hour,

as above assumed in the estimate of an hour

and a half, the resistances other than gravity

Will be

8+^! =14.5 lb. per ton, or 1,450 lbs.

for the entire train, at 2,933§ ft. per minute,

corresponding to 129 horse-power, or, in-

cluding gravity, to 230 horse-power for an

hour and a half, as against 185 horse-power

for an hour and a quarter in doing the same
distance on a level.

But we now come to the descent, and here

it is difficult if not impossible to estimate

—

not the resistances to motion—but the exact

practical effect of descending gradients upon

the cost of working. Less fuel and water

are of course used, but the actual forces at

work upon a train are the same, at a given

speed, in descending as in ascending an in-

cline ; the difference being merely that

gravity takes the place of steam power. If,

indeed, as is almost certain to be the case,

the speed be greater in going down than up

a given incline, on a double line—and sup-

posing the traffic to be equal in both direc-

tions—the rails on the down side will, after

a time, be invariably found to be more worn

than those on the up line, although they are

not subjected to the same grinding action

from the driving wheels of the engine. Al-

most the only saving on down gradients is

in fuel and water. If no steam be used the

cylinders must be kept well lubricated, the

attendance or cost of engineman and fireman,

is the same, the wear and tear, except upon

the fire-box and tubes of the engine, is cer-

tainly not less, and if it be necessary to put

on the brakes, it is apt to be more. In

these respects alone, long down gradients, of

considerable inclination, may be taken as in-

volving a working cost equal to that of

levels, although, unfortunately, no data are

at hand to show that they are neither better

nor worse than levels. There are other and

considerable items of expense which are

wholly independent of gradients.

Regarded, then, as levels, the descending
gradients either way from the midway sta-

tion would require the exertion of 185 horse-

power for an hour and a quarter, the ascent

requiring 280 horse-power for an hour and a
half, thus giving a mean expenditure of 200.V

horse-power for 2£ hours on the undulating
line, as against 185 horse-power for 2i hours
on the level. Allowing for both the greater

horse-power and longer time on the undulat-

ing line, it would be 24^ per cent, or, say

one-fourth more expensive in working than
the level. In other words, the 100 miles of

undulating line are practically 110 miles in

point of time and 124^ miles in point of cost

of working, as compared with the 100 miles

of level line. This estimate assumes that

the cost of fuel, repairs, wages, &c, are in

the exact ration of the horse-power exerted,

after adopting the explanation given in re-

spect of descending gradients.

The assumptions which enter into these

estimates are by no means conclusive, and
they would be greatly affected by the sub-

stitution of heavy slow traffic in place of fast

passenger traffic. Thus, in the American
States, the rule for the " equation of grades "

known as Latrobe and Knight's, is to divide

the sum of the ascents and descents in feet,

by 52.8, and to add the quotient to the

length of the line in miles, as the equivalent

length of level line. By this rule, the total

rise and fall of 2,683.2 ft., in our suppositi-

tious line would represent '.
v -= 50.8

52.

o

of additional length, and with a moderately

slow goods traffic, this addition would hold

good in practice.

There are various aspects of the question

of gradients, and different engineers would
doubtless take different views of it. But
the extra expenditure of power must be as

the total rise of the line, and is, in a meas-

ure, independent of short, steep and excep-

tional gradients. With a train of a total

weight of 100 tons, any engine with 15 tons

of adhesive weight should have no difficulty

in dealing with it on a gradient, however
long, of 1 in 60 ; and if the gradient were

not above five miles long, occupying ten

minutes in the ascent, at the rate of thirty

miles an hour, the boiler power required

would not be found excessive, supposing the

water well up and the pressure high, on en-

tering upon the gradient.

In taking out the cost of working as 24-J
per cent more upon the undulating than upon
the level line, this represents much more
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than the extra fuel used, and more than the

extra wages incurred. It represents, per-

haps, more properly, the increased cost of

lubrication and repairs, including repairs of

permanent way. Of the latter, however, a

large share is due to climatic and local

causes, and is independent both of the resist-

ance of trains and the amount of traffic. A
large proportion of the general traffic ex-

penses is wholly independent of the resist-

ance of trains, so that, as affecting dividends,

the gradients assumed would not probably

diminish the net earnings derivable from a

level line by more than 6 per cent, equal

perhaps to 1 per cent on the capital of the

line.

Compound Steel and Iron Rails.—
Mr. Ashcroft has laid a quantity of

compound rails on the Charing Cross line.

The top member is a Bessemer steel T".

The two bottom members are wrought iron

angle pieces _J |_, bolted together. The
rails are said to answer well. Much atten-

tion is being directed in this country to the

production of a good compound steel and
iron rail. The old compound iron rail, with

a split head, failed chiefly by the mashing
down of the iron into the continuous crack

in the head, and the forcing apart of the

two members. The compound rail, with a

solid head and a split foot, did tolerably

good service ; the grand defect was the

riveting of the two members together so

tightly that they could not slip upon each

other when expanded by heat. Making the

top member of steel and bolting the two to-

gether, would undoubtedly make a durable

rail. The general plan of Mr. Ashcroft

would, however, appear to be better. A
modification of this plan is being developed

at one of our rail mills.

Steel-headed rails should be cheaper than

all steel rails, and they should give nearly

all the advantages of steel as far as wearing

is concerned. Of course they cannot be so

stiff nor so strong as all steel. The use of

three, or even of two members, overlapping

each other, almost insures against disasters

from broken rails. Steel heads welded to

iroa piles do not possess this advantage, al-

though there is much to be said in their

favor. The different plans will be consid-

ered at another time. The attention of ex-

perts is just now chiefly directed to the pro-

duction of compound rails with steel heads.

Besides .immunity against accident from
breaking, another great advantage expected

from this construction is the permanence of

the iron parts. It is believed that the steel

heads only will require renewal ; and this

only after they have worn a dozen times as

long as iron heads ; and that the iron angle

pieces forming the flanges and web of the

rail will be practically indestructible. There
must, we think, be some wear between the

parts thus subjected to abrasion. Neverthe-
less the economy to be reasonably expected
from compound steel and iron rails is very
great, and it is probable that railway com-
panies will hasten to avail themselves of the

proposed advantages as soon as they are

offered.

Coiled Tube Boilers.—It was once
thought that the perfection of boiler

construction had been arrived at in boilers

made on the coiled tubular system. This
principle, however, soon showed a radical

defect which led to its abandonment. Boilers

so constructed failed on account of the tub-

ing becoming red hot when the engine wTas

standing, and the force pump was conse-

quently not acting. This defect, however,

has been practically overcome by Mr. Thomas
Mills, of England, in an invention described

by the London " Mechanics' Magazine." Mr.
Mills constructs the fire-box of a boiler, of

the upright form, of a coil of tubing enclosed

in a case, the fire-box being contained within

the coil. The bottom of the coil is connect-

ed by a tube brought down outside the casing

from the upper part of the boiler, at the

lower end of which tube is fixed a self-acting

valve placed in a horizontal position, which
allows the water to pass on into the coil.

The expansion of the water caused by its

coming in contact with the heated tubing

closes the valve after it has passed through

it, and thereby prevents a backward flow of

water through the outside tube, and forces

the water and steam on through the coil into

the upper part of the boiler again. After

this, the valve again opens, in consequence of

the downward force of the water in the out-

side tube, thereby creating a perfect circu-

lation through the coil, the discharge end of

the coil being brought up inside through the

bottom of the upper part of the boiler above
the water level. The coil can also be sup-

plied with water by means of a pump worked
by the engine (the stroke of the pump being

altered according to the quantity of water
required to supply the boiler), and cutting

off the other supply of water by means of a

cock fixed in the outside tube connecting the
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upper part of the boiler with the lower end

of the coil, thereby feeding the boiler -with

water through the coil without in the least

decree reducing the volume of steam. This

method of feeding the coil by the outside

tube and valve brings the water direct into

the hottest part of tbe coil, and keeps up a

perfect and continuous circulation without the

aid of the force pump. This pump is used

to feed the boiler through the coil, which is

a great advantage in itself, as the cold water

does not come into direct contact with steam

contained in the upper part of the boiler,

which causes loss of steam by condensation.

Mr. Mills has made practical trials of this

improved system of construction, and finds

it to realize the following advantages—econ-

omy in every respect, rapid generation of

steam, great strength, and almost entire

freedom from explosion, together with light-

ness and simplicity. He states that it raises

steam from cold water in less time than any

other boiler at present in use. The circula-

tion through the coil being exceedingly

rapid, no deposit is found to remain in it.

The self-acting valve or clack is so simple

in construction that it cannot fail.

—

American

Railway Times.

WORKING HEAVY GRADIENTS.
•Compiled from a paper before the Institution of Civil

Engineers, (Feb. 2, 1869,) by Mr. James R. Mosse,

M. I. C. E , on the " Mauritius Railway—Mid-
land Line."

The Gradients.—The character of the

gradients on the Midland line will be under-

stood from the following summary : From
Port Louis to the summit there was a rise

of 1,817 ft., the distance being about 16

miles, or equal to an average gradient of 1

in 46.68 ; and from the summit to Mahe-

bourg, a distance of about 19 miles, there

was a descent at the rate of 1 in 55.61.

For about 12| miles before reaching the

summit the inclination was on an average

of 1 in 41.17, and thence for about 13g
miles the line fell on an average 1 in 45.06.

The steepest gradient was 1 in 27, of which

there was a total length of 13,526 ft., the

greatest continuous length of this gradient

beino- 6,163 ft., and the next longest 5,016

ft. The next in severity was 1 in 30, the

total length being 9,526 ft., the greatest

length of this gradient being 3,000 ft., and

several lengths of about 2,000 ft. each. The
ascending gradients varied from 1 in 27 to

1 in 60, while the descending gradients to-

wards Mahebourg varied from 1 in 30 to 1

in 60. The curves varied from 950 ft.

radius to 6,000 ft. radius, and the lengths

of these curves ranged from 200 ft. to 3,200

ft. The ordinary radii were generally from

2,000 ft. to 3,000 ft. The sharpest radius

which occurred on the steepest gradients of

1 in 27 and 1 in 30 was 1,600 ft., the

greatest continuous length of this curve be-

ing 900 ft. on the former gradient, and
1,930 ft. on the latter. The next radius in

severity was 2,000 ft. on the maximum
gradient of 1 in 27, the greatest continuous

length of this curve being 1,000 ft. Reverse
curves of this radius 1,920 ft. in length were
also found on the maximum inclination of 1

in 27. On descending from the summit to

Mahebourg the line from the 17th mile to

the 19th mile might be said to be composed
wholly of reverse curves , and at the 29th

mile the radius was only 1,400 ft., the

length of this curve being 1,980 ft., chiefly

on a gradient of 1 in 30. Of curves under
2,000 ft. radius there was an aggregate

length of 21,165 ft ; of those ranging from
2,000 ft. to 4,000 ft, radius there was a

length of 49,710 ft.; and of curves from

4,000 ft. to 6,000 ft, (the greatest radius),

there was an aggregate length of 25,560 ft.,

the total length of curves being 96,435 ft.,

and of the straight portions of the line

|

89,467 ft.

The Locomotives.—The locomotives

I

furnished under the original contract for

working these inclines were seven in number

j

and of the following description : they were

j
tank engines, having cylinders 16 inches in

diameter, with a length of stroke of 22 in. ;

j

the wheels, six in number, were 3 ft. 6 in.

in diameter, and were all coupled, the

,

length of the wheel-base being 15 ft. When
I supplied with water and fuel these engines

weighed nearly 37 tons, and. they were

worked with a pressure of steam of 120 lbs.

per square inch. Subsequently six larger

saddle-tank locomotives were designed by
Mr. Hawkshaw, having the following dimen-

sions : cylinders 18 in. in diameter, with a

length of stroke of 24 in.; the wheels, eight

in number, were 4 ft. in diameter, and were

all coupled, the length of the wheel-base

being 15 ft. 6 in. When supplied with

water and fuel, these engines weighed nearly

48 tons, and they were worked with a pres-

sure of steam of 120 lbs. per square inch.

The center pairs of wheels (one of which was
the driving pair) were fixed stiff on the

frame ; but in order to pass easily round
the curves, both the leading and the trailing
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wheels had three-quarter inch play on

each journal, and the joints of the coupling

rods, connecting these wheels with the driv-

ing pair, were fitted with a ball and socket,

so as to allow the requisite motion. All the

engines were manufactured by Messrs. Sharp,

Stewart & Co., and worked very satisfacto-

rily. These engines would, with passenger

trains, take five carriages and one brake-van,

equal to a load of 42 tons, though on some

occasions they had hauled eight loaded vehi-

cles, weighing in all about 56 tons ; while

with goods trains the usual load with the

lighter locomotives was 70 tons, and with

the heavier locomotives from 100 tons to

120 tons. It should, however, be stated

that by reducing the lead of the slide valves

to one-eighth of an inch, the power of these

engines had recently been increased 10 per

cent.

Speed and Duty.—The average speed

of the passenger trains, including stoppages,

was 12 miles per hour between Port Louis

and the summit, and 15 miles per hour from

Mahebourg to the summit ; while that of the

goods trains was about 9 miles an hour, in-

cluding frequent stoppages. The particu-

lars of a trip made on the 12th December,

1867, when the fuel and water were noted

more accurately than usual, were given in

detail. From these it appeared that the

train consisted of ten loaded wagons weigh-

ing together 83 tons, or with the engine a

gross load of 131 tons ; the average speed

from Port Louis to the summit was 11 miles

per hour, and taking the average pressure

of steam in the cylinder as 60 lbs per

square inch, the power exerted would be

181X60X11X88= 230 H. P. or, not in-
33,000

eluding the weight of the engine, 146 H. P.,

and this, divided by the weight of the loco-

motive, was equal to 3.04 H. P. per ton of

motor. The coal used on the above trip was

obtained from Sydney, N. S. W., and the

consumption amounted to 4.75 lbs. per H.
P. per hour, 8 lbs. of water being evapor-

ated by 1 lb. of coal, but ordinarily only

7-g lbs. of water were evaporated by 1 lb. of

this coal.

Carriages and Brakes.—With the ex-

ception of the first-class carriages all the

others on this railway had a brake on every

wheel, worked from the inside. The ordi-

nary passenger trains were composed of one

first, one second, and two third-class carri-

ages, with one brake-van, and to these trains

Mr. Clark's continuous brake was attached.

This apparatus was worked by a chain, which
tightened the brakes on every one of the

wheels simultaneously. The brakes were

taken off by heavy counter-balance weights,

resting longitudinally over the chain in the

center of the carriage, between the front and
end wheels. This apparatus was sufficiently

powerful to lock every wheel, and had work-
ed satisfactorily ; for during two years there

had not been a single fracture of the chain,

nor of any of the working parts. It, how-
ever, required careful management, and
must be applied gradually, before the train

had acquired serious momentum. The
brake-van of every passenger train was now
provided with sand boxes leading to the

rails, as formerly the dew on the rails wetted

the wheels of the brake-van, and prevented

the friction rollers of the apparatus from
revolving; whereas, as soon as sand was
applied, the wheels became dry, and the

friction rollers acted efficiently. Every train

of four or five carriages had two guards, one

to work the continuous brake, the other to

use the separate brake, if necessary, attached

to that carriage which was not connected

with the continuous brake. The heaviest

passenger train which had descended from
the summit to Port Louis consisted of four-

teen carriages and two brake-vans, convey-

ing five hundred and thirteen troops. That
was on the 14th November, 1868, and it was
kept perfectly under control by the continu-

ous brake on four carriages, and by five ad-

ditional brakesmen, the speed being steadily

maintained at 20 miles per hour. There
were but four instances of passenger trains

getting for a time beyond control : first, one

morning when the rails were wet, a train

descended from the summit for a distance of

3| miles in five minutes, or at a speed of 45
miles per hour. This was the highest speed

on record, and it occurred before the sand
boxes were put on the brake-vans. Secondly,

in a similar way, another train attained a

speed of 32 miles per hour. Thirdly, a

train overran a station for a considerable

distance, chiefly from the want of sufficient

care on the part of the engine driver and
guards. Lastly, a train once attained an

excessive speed in descending from the sum-
mit, through the dropping off of the nut of

the eyebolt passing through the axle on
which the continuous chain of the brake
apparatus was wound. The speed in de-

scending the inclines was limited theoreti-

cally to 18 miles per hour, practically it

rarely exceeded 25 miles, and the carriage
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brakes were generally sufficient to control

the train, without the necessity of applying
i

the engine-brake. The goods trains in de- !

scending the inclines as a rule consisted of
j

eight loaded wagons with the lighter loco-
j

motives, and of ten or twelve wagons with
I

the heavier engines ; and in these cases also

the brakes on the wagons, two being screw

brakes, and the remaining wagons being I

furnished with the ordinary lever brakes,
j

afforded power sufficient to control the trains.

It had long been in contemplation to make
I

safety sidings at the foot of the steepest in-
j

clines, but the ground was by no means
I

favorable for the purpose, and, moreover, it

was feared that such sidiugs might become
a source of danger.

Cost of Working.—The rules in force

for the regulation of the traffic on the main
line and at the stations were then given in

detail, as well as the traffic returns for the

years 1866 and 1867, the rates for passen-

gers and goods, and the statement of the

receipts and expenditure for the year 1866,

from which latter it appeared that the work-
ing expenses were then 62^ per cent of the

receipts ; but this result was said to be due
to several exceptional causes. Considering

the high price paid for skilled labor and for

fuel, the agricultural character of the dis-

trict through which the line passed, the

severity of the gradients, the want of any-

thing that could be called a town save at

Port Louis, the lack of minerals or manu-
factures to transport, the peculiar nature of

the sugar traffic—requiring a large amount
of rolling stock for three mouths in the year,

whereas for the remaining nine months less

than half the quantity sufficed—the author

thought it was not surprising that the work-
ing expenses of the ' Midland line should

in 1866 have been 62£- per cent of the re-

ceipts, or 5s. 5d. per train mile. Now that

the heavier locomotives enabled a larger

amount of sugar to be carried, and when the

goods traffic was further developed, it was
believed a considerable decrease in the per-

centage of working expenses to receipts

would ensue, accompanied also, it was hoped,

by a reduction in the cost per train mile.

Conclusions.—In conclusion it was re-

marked, that although it might sometimes

be impossible to construct a railway with

easier gradients than those on the Midland
line, yet the difficulty of working these in-

clines in wet weather had been so great, the

load hauled so small, and the speed so low,

that the author thought the severity of any

gradient for a long rise should never exceed
1 in 40 ; and that it would always be pre-
ferable (under the ordinary system of trac-

tive power), to incur, within reasonable

limits, any additional expense that might be
requisite to bring the inclination within this

ratio. It wras also suggested that in laying

out such inclines, whatever might be the

ruling gradient (provided it was not entirely

exceptional, and where additional power
could be applied), that gradient should be
followed throughout the line, as far as the

features of the country would permit. It

was likewise recommended, that pieces of

level should be introduced between the dif-

ferent inclinations, as they were of the

greatest value, in controlling the trains in

descending. The Midland line had now
been opened for more than three years,

and fortunately no accident had yet occurred

to any train in descending the inclines.

SUBMARINE ENGINEERING.

SINKING BRICK AND IRON PIERS—SAND
PUMP NEW EXCAVATOR.

From a paper by Mr. Imrio Bell, M. I. C. E., "On
sinking wells for the foundations of Piers and of

the Bridge over the River Juma, Delhi Railway,"
and a paper by Mr. John Milroy, Assoc. I. C. E.,

entitled " Description of Apparatus for Excavating
the interior of and for sinking Iron Cylinders,"
before the Institution of Civil Engineers, March
2d, 1869.

Sinking Brick Piers.—The mode of

forming the foundations of the bridge over

the river Juma, was thus described by Mr.
Bell : It appeared that the bed of the river

at this point consisted of coarse and fine

gravel and sand, interspersed with layers of

blue clay 3 ft. and 4 ft. thick, and covered

with silt ; but during the rainy season large

boulders, weighing 14 lb. each and upwards,

were brought down and deposited by the

scour of the river 30 ft. below the level of

the bed. The bridge comprised twenty-four

openings, each 99 ft. in the clear, and the

superstructure was composed of two lines of

lattice girders, resting on brick columns or

wells, each 12 ft. 6 in. external diameter,

and 5 ft. 10 in. internal diameter, so that the

wall of the well was 3 ft. 4 in. thick. In

some instances the sites of the piers were

got clear of water by diverting the river at

different points during the dry season, while

in other cases islands were formed, by driv-

ing a half circle of piles on the up-stream

side, then lowering sand-bags on the down
stream side, to the height of 4 ft. or 5 ft.,
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and afterwards filling up with sand to 5 ft.

above low water. The curb on which the

steening of the well rested was formed of

wrought-iron plates and angle irons riveted

together ; and in cross section the curb was

like an inverted right-angle triangle, of which

the height was 4 ft. and the base 3 ft. 4 in.

When each curb was complete it was moved
into position, and the compartments were

then filled in with concrete. The curb was

next sunk by men working with the " phao-

ra " (spade) and basket, till the upper edge

was within 3 in. of the level of the water,

when a ring of brick work was carried up
for a height of 6 ft. The excavation of the

interior was again proceeded with by means
of the "jham" and divers in the old native

style ; afterwards a further height of 10 ft.

of brick work was added, but the material

was now removed by a sand-pump (to be

hereafter described) worked by a steam hoist

of 4-horse power, as was the case after two
additional lengths, each of 15 ft., were built,

when the well was carried down to its full

depth. In operations of this nature great

care was necessary, especially at first, to in-

sure the well or cylinder descending verti-

cally. For this purpose the curb should

invariably be sunk alone without any build-

ing. The first height of brick work should

not exceed 5 ft. or 6 ft., the next 10 ft., and
it was never advisable to build more than 15

ft. at a time. Before commencing any addi-

tional height the top course of the brick

work already built ought to be removed, to

insure a thoroughly clean surface for the

mortar.

Lime and Mortar.—The lime used at

the works was made from marl or, more
properly, calcareous clay, which, while soft,

was roughly moulded into bricks. These

were stacked to dry for three or four days,

and were afterwards burned with wood in

kilns for fifty or sixty hours. The flues were

then closed with bricks and mud, and so

allowed to remain for two or three days. On
the kiln being opened the lime bricks were
unloaded almost in a whole state, were ground
under stones, screened, and carried to the

works pure and free from ash or dirt. The
mortar was made from one part of ground
lime and one part of clear, sharp sand. This

mortar was used in all the well foundations

of the bridge up to the level of low water

;

and as a proof of its quality it was stated

that it was easier to break the work as a mass
than to separate it at the joints or beds.

Above the level of low water the mortar was

composed of white hill lime, and sorkhee, or

crushed brickbats, in equal proportions, as it

was found that the lime from the calcareous

clay lost the greater part of its cohesion

when used in work exposed to the vicissi-

tudes of the atmosphere—whether this arose

from the frequent changes from dryness to

humidity, or from heat to cold, was not ascer-

tained.

Time Occupied.—The well sinking for

the foundations of the piers and the abut-
ments of this bridge was completed in little

more than two years, which, without deduct-
ing any time for building up the brick work,
or for that unavoidably lost by the rise in

the river during rains, gave an average rate

of 159 ft. per month. The time occupied in

the building of the steining of the wells,

erecting, taking down, and reerecting scaf-

folding and staging for sand-pump, weighting
the wells, &c, was equal to that employed in

sinking. This would give the rate of sink-

ing as a little over 300 ft. per month. If
cast-iron cylinders had been used, the work
could have been performed much more
quickly, as the portions of the cylinders
could have been put together more rapidly,

and owing to the slight bearing surface ex-

posed by the thickness of the iron, compared
to the breadth of the brick work in the walls
of the well. The total weight of the foun-
dations and of the iron girder superstruc-

ture on each well was 420 tons, and the area
of the bottom of each well was 117 ft., so

that the weight was less than 4 tons per
square foot.

The Sand Pump.—The novelty in the
sinking of the wells of this bridge was in

the use of the sand pump. This was de-
scribed to consist of a wrought-iron cylinder
having a pump riveted to it at the top, in
which was a piston fitting loosely, and pierced
with small holes to allow of the escape of
water. The piston rod terminated in an eye
at the upper end, to which a chain could be
attached. The bottom of the cylinder was
movable, and in the center there was an up-
right suction pipe, projecting outwards for a
distance equal to its own diameter, and in-

wards nearly to the top of the cylinder.

When the pump was lowered to the bottom
of the well, the chain attached to the piston

rod was worked up and down like a ringing

engine. In this way water was first drawn
through the upright pipe, followed by sand
or other material, which fell over the pipe
into the cylinder. This operation was con-
tinued until the cylinder was quite full,
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which was known by the piston -working

stiffly, when the machine was raised to the

surface; the bottom of the cylinder was

then detached, with the column of sand rest-

ing on it, and another cylinder bottom which

had been cleared of its sand was substituted.

The number of men employed at each well

was fourteen, nine working the chain, two

clearing away the stuff brought up by the

pump, cue in charge of a steam hoist, one

breaking firewood, and an overseer. The.

average rate of sinking, including contin-

gencies, was about 6 ft. in eight hours. This

rate was extraordinary when compared with

the old system of the " jham " and diver,

and would, it was believed, materially re-

duce the expense of bridge work in India.

Milroy's Excavating Apparatus.—
Mr. Milroy believed that for the purpose of

sinking cylinders, the great desideratum hith-

erto had been some method of excavating the

earth from the interior without at the same
time having to take out the water, and to keep

it out during the operations. This object

seemed to the author to have been attained by
a machine of his invention, which was used in

the construction of the bridge over the river

Clyde, for the Glasgow (City) Union Rail-

way, to which Mr. Fowler and Mr. Blair

were the engineers.

The excavating apparatus, commonly called

the "excavator," was thus described: It

consisted of a horizontal frame of iron, with

an outside rim 9 in. in height, to which radi-

ated, like the spokes of a wheel, T-irons from

a small cast-iron ring in the center. To the

bottom of the outside rim were hinged eight

heavy iron spades, which, when drawn in,

fitted closely, with their points pressing

against the inner ring. The hinges of the

spades were so constructed as to prevent

them from turning back beyond the perpen-

dicular. The whole apparatus was very

strongly made, and it formed, when closed, a

nearly water-tight tray. When the machine

was descending the spades were allowed to

hang vertically, and they were forced into

the ground by the aid of two chains fast-

ened to the top of upright arms on opposite

sides of the excavator, then passed down the

cylinder, under a pulley, up between two
leaders, and over another pulley, the end of

each chain being wound round the large axle

of the capstan, or drum, on the landing

stage. These chains were calculated, when
tightened, to keep the machine down, whilst

the spades were being drawn in through the

crowd, and up to the frame. This was ef-

fected by a second set of chains, all of equal
length, and each fastened at one end to the
inside of a spade, and at the other end to

the end of a main chain, by which the ma-
chine was raised to the surface, with the
earth it contained, by means of a steam hoist.

In order to enable an opinion to be formed
of the capabilities of the excavator, it was
mentioned that the progress of the excava-
tion, and the corresponding subsidence of the

cylinder, reached from about 12 ft. to 20 ft.

per day of ten hours, inclusive of the time
employed in adding fresh lengths of cylinder,

putting on weights, &c. When there had
been little interruption for any of these pur-

poses, it had amounted to 25 ft. in the ten

hours, and then the average quantity of sand
brought up at each lift was 21 cubic feet,

and the total quantity during the day was
found, by measurement, to be 70 cubic yards.

Twelve men in all were employed, viz : one
engineer, one stoker, six men working the

drums, three attending to the loading and
discharging of the excavator, and one man
wheeling away the materials.

In conclusion, the following advantages
were claimed for this apparatus : First, that

it was perfectly independent of water, which
was allowed to remain in the pit or cylinder

until the excavation was completed ; sec-

ondly, that it could be used, and was equally

effective, at any depth, without sensible dif-

ference in the cost of working ; thirdly, that

its rate, both of sinking and of excavating,

was higher than had yet been attained by
any other method ; and lastly, that it was
not liable to get out of order, whilst its action

was always in the same perpendicular line,

and the expense attending its working was
comparatively trifling, as skilled workmen
were not required.

Chimney Sweeping "Engineering"
in Amsterdam.— There has recently

been formed in Amsterdam, with the Royal
approbation, a nondescript association with
the title, " Amsterdam Soot Company." The
director has the title, " Royal Chimney En-
gineer ;" the managing agent is a distin-

guished advocate of that city, and the com-
missioners designated by the government are,

an inspector of public works, a great dia-

mond merchant, already president of one
industrial association, and an architectural

engineer, who is also a manufacturer. The
company has for its business the sweeping
of chimneys and trade in soot.

—

Annates du
Genie Civil.
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TpEN-WHEELED FREIGHT ENGINE—PENN-
-L sylvania Railway.— One of these

engines, as designed by Mr. J. B. Collins,

Mechanical Engineer to the Company, is fully

illustrated in " Engineering," March 5th.

The intention in the design was to embody
all improvements developed by experience,

and to omit all superfluities of construction.

In the finish of the engines there is no at-

tempt at ornamentation ; there are no brass

bands about the boiler, and there are no

brass accessories, except the bell and whis-

tle. The painting is plain, and no scroll-

work or pictures are introduced. The ob-

ject sought, in fact, has been to make a plain

serviceable engine, without any unnecessary
ornamentation. The principal dimensions
are as follows

:

Cylinders.
ft. in.

Diameter 1 6
Stroke 1 10
Distance apart from center to center 6 9
Length of ports 1 4
Width of steam ports 1]
"Width of exhaust ports 2 J

"Width of bars 1
Distance from center of cylinder to valve

face 1 3f
Lap of valves. 0%
Travel of valves in full gear 5

Wheels.
Diameter of coupled wheels 4 7
Diameter of bogie wheels 2 4
Distance between center of bogie wheels. . 5 8
Distance from center of bogie to center of

1st pair of coupled wheels 8 5
Distance between centers of 1st and 2d

pairs of coupled wheels 5
Distance between centers of 2d and 3d

pairs of coupled wheels 7 5
Total wheel base 23 8

Boiler.

Diameter of barrel outside largest plate.

.

4 2
Length of barrel 11 11
Length of fire box casing. '. 5 9 \

The four-wheeled bogie under the front

end of the engine is of the ordinary pattern,

with a swing beam, and the front pair of

coupled wheels has tyres without flanges.

The bogie is fitted with the usual chilled

disc wheels, and the coupled wheels are of

cast-iron with hollow spokes and rim. The
connecting rods take hold of the crank pins

on the center pair of coupled wheels, and
the eccentric rods are cranked so as to pass
respectively above and below the front pair
of coupled wheels to the links. The valve
faces are situated above the cylinders, and
the valves are worked through the interven-
tion of rocking shafts, as is usual in Ameri-
can engines.

LIGHT RAILWAY ROLLING STOCK.

From " Tho Engineer."

That railways do not pay a fair profit on

the sums invested in their construction is a

truth fully recognized by the modern capi-

talist. This truth, so important in its bear-

ing on the development of the resources of

the country, has been carefully investigated

by engineers and financialists alike, and, as

a result of this investigation, two general

propositions have been laid down. The first

is, that very large sums have been in some
cases necessarily, in other cases unnecessar-

ily, wasted in unproductive work, such as

law expenses, the construction of palatial

termini, the reduction of lines to a dead, or

nearly dead level, by embankments and cut-

tings, etc. ; the second proposition is, that

railways do not pay because they are worked
on too expensive a system. If we may be

allowed the expression, according to one

party the statics of our railway system are

to blame ; according to the other the dy-

namics of that system are in fault. It

forms no part of our purpose now to inves-

tigate questions relating to the statics of the

railway system. The railways are there,

with all their faults or excellencies, and
cannot be altered. We must make the best

of them. We propose here to consider the

bearing of some of the questions connected

with the dynamics of railways, that is to

say, the system on which passengers and
light goods are conveyed from place to place;

lut we wish it to be particularly understood
that nothing which we may advance in favor

of the use of light engines is intended to ap-

ply to the working of heavy goods or mine-
ral trains. These can only be hauled by
engines of great power ; and the heaviest

goods locomotives bear a comparatively rea-

sonable proportion to the weight of the loads

drawn by them—a condition favorable to

economy, which has no existence in the case

of passenger and other light traffic.

We are indebted to Capt. Huish's " Re-
ports on Railway Plant," for the following

statements as to the augmentation in the

weight of railway rolling stock, which took

place between 1831, the date at which the

reports commenced, and 1848. The reports

refer to what is now known as the London
and North-Western system. In 1831 the

average weight of the engines on the Liver-

pool and Manchester, and London and Bir-

mingham Railways, was seven tons. In
1848 it was more than twice as niuoh

} being
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18 tons 13 cwt. The heaviest engine in use

on these lines, in the first mentioned year,

was seven tons ; in 1848 it was 37 tons.

The weight of the carriages increased in the

same period from a maximum of 3 tons 10

cwt. to 4 tons 6 cwt., and the average speed

of the passenger trains had increased from
17 miles per hour to 30 miles per hour.

What took place on the North-Western sys-

tem accurately shows what took place

through the length and breadth of the king-

dom

—

ex u?w disce omnes. There is not, so

far as we are aware, any compendious state-

ment in existence which will show the

amount of augmentation between 1848 and
1868, but there is good reason to believe

that it is very considerable. Engines
weighing less than 20 tons full, are now the

exception ; and the average weight of all the

engines working important lines in England
must exceed 23 tons. The weight of car-

riages has also gone up, 5, 7, and even 9

tons being no uncommon weight for ordin-

ary carriages, while on the Metropolitan
Railway, carriages are used which weigh 16
tons. It does not appear that the carrying

capacity of these carriages has undergone a

corresponding increase. Additional strength,

especially in the under frames, has been in-

troduced, because heavy engines knock light

carriages to pieces ; but it does not appear
that any other very valid reason for the in-

crease of weight has been adduced, save

perhaps one, viz., the modern carriages are

rather more roomy and commodious than
those used 20 years ago.

There is no room to doubt that the dead
weight of engines was first increased in or-

der to get more power ; and had it been pos-

sible to work these heavier engines with car-

riages of the same weight as those employed
in the earlier days of the railway system, all

might have been well ; twenty tons or so

would have remained about the weight of

the heaviest class of locomotives employed in

conveying passengers ; but the increased di-

mensions of the engines rendered a corres-

ponding increase in the strength and weight
of the vehicles drawn a necessity. The
augmentation reacted on the engines, and
so weight increased daily and hourly, till a

new element was introduced which rendered
further augmentation all but an impossibil-

ity. This new element was the stability of

the permanent way. The roads could not

sustain heavier loads, and therefore heavier
loads were not put on them. It must not
be forgotten that at one time there was a

species of mania among locomotive superin-

tendents for big engines. It was, in the

first place, a very pleasant thing to be able

to boast that you had bigger engines than

your neighbors, just as it is a pleasant thing

to have the fattest ox at a show, or the finest

house in a street. In the second place, it

was pleasant to know that when you stood

on the foot-plate, you had beneath you a

machine capable of whisking the train be-

hind it at almost any pace you pleased. Big
engines were, in a sense, luxuries, and they

were paid for at a price which railway com-

panies could not afford. Probably the first

blow that the big engine craze ever received

was the failure of the "Liverpool," on the

London and North-Western Railway. This

engine was built by Mr. Crampton, especial-

ly to compete with the large engines which

Brunei, who idolized the Big, patronized on

the Great Western. The "Liverpool" had
18 in. cylinders, 24 in. stroke, 2,290 ft. of

heating surface, two 8 ft. driving wheels, six

4 ft. carrying wheels, an 18 ft. 6 in. wheel

base, and weighed full 35 tons. The tender

weighed 21 tons. Total weight, 56 tons.

After working the express traffic between
London and Wolverton for some time, it

was found that the permanent way began to

give out, and so the engine was withdrawn
from active service.

After enduring for many years, the pas-

sion for large and heavy engines appears to

be dying out ; and engineers who not long

ago regarded heavy engines as the sum-mum
bonum of locomotive superintendial happi-

ness, are now quite prepared to listen to

reason, to investigate patiently, and even to

believe that it may be quite possible to

work, if not all, still a considerable portion

of the ordinary passenger traffic of our rail-

ways on a system which completely ignores

heavy engines and heavy rolling stock.

There is not wanting evidence that a species

of revulsion of feeling is setting in, and not

the least hopeful symptom is that already

we hear rumors of the formation of a com-

pany, having on its board of direction some
of the ablest engineers of the day, and spe-

cially called into existence to test cautious-

ly and tentatively the merits, advantages,

and disadvantages of the light rolling-stock

system. What this system is we propose to

tell such of our readers as are not familiar

with its characteristics ; and we shall further

add some facts, now matters of history,

which will show that the prospects of suc-

cess are enormous : so enormous that we
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cannot account for the neglect of the system
during past years on any other hypothesis

than the existence of an all but universal

mania for big- engines, to which we have al-

ready alluded.

According to the advocates of the light

rolling stock system, heavy engines are re-

quired only because the trains are heavy.

Keep down train weight, and engine weight

is decreased as a matter of course. This

object they propose to effect by the use of

combined carriages and engines. Whether
this arrangement is or is not the best that

can be adopted, we are not about to decide.

It illustrates very clearly the principles of

the light rolling stock system, and, in so far

it answers our purpose at the moment. We
shall have something to say to its mechan-
ical fitness for the intended purpose here-

after. In this arrangement the weight of

the engine is very small comparatively, and
the load it is to haul is also light. It is

urged against light engines that they lack

adhesion. Quite so; but adhesion is a com-
parative term after all. That one of the

new engines will not possess enough adhe-
sion to haul a 300 ton train is quite true :

but it is not wanted to haul 300 ton trains,

or even 100 ton trains ; and if it can be
shown that it possesses adhesion enough to

haul the greatest load which it is intended
to haul, then it has adhesion enough. Now
by making some of the wheels of the vehi-

cle as a whole, not only carryall the engine,

but a part of the load as well, it is apparent
that the engine must be better off for adhe-
sion, cateris paribus, than any ordinary ten-

der engine—better off, indeed, than any
tank engine. There is no room whatever to

doubt that the proposed carriage will do
what it professes to do, at least so far as ad-
hesion is concerned.

The entire weight of a combined passen-
ger carriage and engine need not exceed six-

teen tons, to convey 90 passengers, weighing
six and a half tons. There is not at this

moment a railway in the kingdom conveying
the same, number of passengers which does
not put in motion a dead weight of 34 tons,

or more than double that of the combined
carriage. In one case 2.461 tons of dead
weight are employed in the conveyanoe of
each ton of passengers ; in the other, the
dead weight is to the paying load as 5.23 to

one. Nor is this all. The sixteen tons of
the combined carriage may be, and should
be, carried on eight wheels, and no pair of
wheels should carry more than five tons. If

an ordinary locomotive is used, the smallest

weight on at least two pairs of wheels must
be double that on the two pairs drawing the

combined carriage, for as the load is more
than double, the adhesion must be more than

double, and the adhesion is as the weight

—

unless, indeed, the locomotive is to have less

adhesion than the combined carriage. And
if it is admitted that it can do with less,

then the argument that the combined car-

riage will not have adhesion enough falls to

the ground. But it may be shown that the

injury done to permanent way will be as

great by one pair of heavily loaded wheels

as by four or five pairs—that is to say, if in

a train 100 wheels are loaded with but two
tons each, while the single drivers of the

engine are loaded with five tons each, then

the road must be strong enough to carry not

the light but the heavy load. It follows

that rails weighing 45 lb. to the yard would
carry the combined engine and carriages as

well as 60 lb. or 70 lb. would carry trains

worked on the ordinary system. Or that if

existing track is retained, it will, if the rails

are of good quality, cost little or nothing in

repairs, the road being practically indes-

tructible under the assumed conditions of

load. It follows, therefore, that the expense

of road maintenance may be enormously re-

duced by the adoption of the combined sys-

tem. We shall show in a moment how great

a saving may be effected in running ex-

penses.

"But," it will be urged, no doubt, "if

the light system is so good, why has it not

come into use long since ?" Now, on this

point we are not prepared to speak fully.

We believe we may go so far, however, as to

say that its non-adoption has resulted from

causes which have had nothing to do with

questions of mechanical science, and we
shall not further refer to them. The best

answer that can be brought to all cavilers

lies in facts, and we shall, for convenience,

first sum up all the objections which, so far

as we are aware, have been brought against

the combined carriage system, and then pro-

ceed to consider them in connection with

facts.

1st. Steam carriages must lack adhesion.

2d. They must be slow
s
because their

boilers must be small.

3d. They cannot be competent to deal

with exceptional traffic, as, for instance, on
market days in oountry districts.

Now, it so happens that every one of

these points was raised and settled long
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since. It is a great mistake to suppose that

we have been theorizing all this while ; on
the contrary, every statement we have made
in favor of the light rolling stock system,
and the whole purport of this article, is

borne out by the practical results obtained
from the actual use of combined carriages
and engines years ago.

Some twenty years ago Mr. Gregory had
a combined carriage and engine from Mr.
W. 13. Adams to work the Tiverton branch
of the Bristol and Exeter Railway. This
steam carriage was christened the Fairfield.

The machinery and carriage body were on
one frame, 40 ft. over all, hung on six

wheels
; the two leading wheels, 4 ft. 6 in.

in diameter, being the drivers. The wheel
base was 28 ft. long, and peculiar provisions
were introduced to let the machine get
round curves. The cylinders were 8 in.

diameter, 12 in. stroke. The boiler, of the
ordinary type, was 7 ft. 7 in. long in the
barrel, and 2 ft. 6 in. diameter. It con-
tained 115 tubes 1$ in. by 8 ft. The fire-

box was 2 ft. 6 in. long by 2 ft. 3 in. wide, by
4 ft. high. The heating surface in the box
was 37 ft., in the tubes 325 ft. The car-

riage carried fifty-eight passengers.

Now let us see how far the performance
of this steam carriage justified the objec-

tions urged agaiust the system. First as

regards want of adhesion. We find that

the Tiverton branch was five miles long, and
had a gradient of 1 in 86 ; the fac£ that this

was regularly worked in all weathers, is

proof that the adhesion was sufficient.

Next, as to speed. The Fairfield ran from
Exeter to Bristol, 78 miles, with an extra
load behind her weighing ten tons, equal,

say, to 140 passengers in all, in three hours
37 minutes. Of this time 58 minutes were
spent stopping at twelve stations, leaving
her regular pace 28 miles an hour. The
maximum speed attained on t as trip was
47 miles an hour. So much for speed. Now
for capacity. The Fairfield took as much
as 31 tons—that is to sfty, three other car-

riages loaded, up the Tiverton gradient of

1 in 86, doing the five miles in eleven min-
utes, or at the rate of 27 miles per hour.

This surely demonstrates the practicability

of attaching more carriages when necessary,

and therefore of rendering steam carriages

quite competent to the discharge of abnor-
mal duties. The consumption of fuel on
regular work was 8.7 lb. of coke per mile.

After working the Tiverton branch for some
time the Fairfield was put on the line from

Clevedon to Yatton ; on this road her regu-

lar speed was 24 miles per hour, she ran
sixteen trips, or 64 miles per da}r

, and used,

in doing so, 397A gallons of water, and the

total cost of running, exclusive of repairs,

was but 3.\d. per mile.

The results obtained from the Fairfield

were eminently satisfactory—satisfactory

enough, we think, to justify the favorable

opinions we have expressed regarding the

system ; but we have still more conclusiva

evidence to urge in its favor. Mr. Samuels
designed a carriage built by Mr. Adams, and
called the Enfield, which was put to work
on the Great Eastern Railway. We are

indebted for the following facts relating to

the Enfield to a paper read by Mr. Samuels
before the Institution of Mechanical En-
gineers :

The Enfield had 8 in. cylinders and 12 in.

stroke ; driving wheels 5 ft. diameter ; dis-

tance between centers, 20 ft. ; width of

framing, 8 ft. 6 in. The boiler was of the

ordinary locomotive construction, 5 ft. long

by 2 ft. 6 in. diameter. The fire box was 2

ft. 10}- in. by 2 ft. 6 in. There were 115
tubes of lij- in. diameter, and 5 ft. 3 in. in

length, giving a total of 230 ft. heating sur-

face in the tube. The area of the fire box
was 25 ft., giving a total heating surface of

255 ft. The weight of this steam carriage

was 15 tons 7 cwt. in working trim. The
engine and carriage being combined, it is

evident that the weight on the driving wheels

was increased by the load carried, and that

this weight increased in the same ratio as

the load required to be taken. The extreme
distance between the centers of the leading

and trailing wheels being 20 ft., accounts

for the steadiness of this machine ; there

was, indeed, no perceptible oscillation when
traveling at the highest speed, and this veri-

fies the observation, " that the steadiness of

an engine depends not on the position of the

driving wheel, but upon the length of the

rectangle covered by the wheels." This

engine, at the same time, daily traversed

curves of five or six chains radios. The
Enfield steam carriage was originally in-

tended to convey 84 passengers, but as it

was found that when she was put on as an
express train the passengers increased in

number, a North Woolwich carriage was at-

tached capable of conveying 116 passengers,

and also a guard's brake-van, making provi-

sion altogether for 150 passengers, which

was her regular train, taken at a speed of

37 miles per hour.
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The following return shows the miles run

and coke consumed by this engine during

the seven and a half months' regular work-

ing, from January 29th to Sept. 9th, 1849 :

Total miles run 14,021

Hours, running time 705
Hours, standing time 1 ,457

Total hours in steam 2,162

Cwt. of coke consumed in running 743
Cwt. of coke consumed in standing 408
Cwt. of coke consumed in getting up steam, 286

Total cwt. of coke consumed. 1,437

Pounds per mile ave. consumption of coke, 11.48

The Enfield was in steam fifteen hours
per day, the fire being lighted about six in

the morning and drawn at ten o'clock at

night. But of these fifteen hours it appears,

by the return, that she was engaged running
only five hours, the remaining ten being em-
ployed standing in the siding. It was found
by experiment that the quantity of coke
consumed standing was 32 lb. per hour; and
after deducting this and the quantity con-

sumed getting up steam, it will appear that

the actual consumption of coke running was
under six pounds per mile. It must also be
particularly borne in mind that this con-

sumption of coke included the total goods
and coal traffic on the branch, amounting to

1,410 tons, viz., 169 tons of goods and 1,241
tons of coal. The Enfield steam carriage

worked the 10 A. M. passenger train from
London to Ely, on 14th June, 1849, a dis-

tance of 72 miles, taking behind her three

of the ordinary carriages and two horse-

boxes ; she arrived at Ely eight minutes be-

fore time, and the total consumption of fuel,

including the getting up steam, was found
to be 8| lb. per mile. The tubes of the

boiler were only 5 ft. 3 in. in length, and
the economy of fuel is consequently scarcely

at the maximum. Mr. Gregory expressed,
in the paper in question, as the result of his

experience, the conviction that, for express
purposes, and for the larger portion of the

branch traffic on railways, the light steam
carriage is the best adapted and most econo-
mical machine, both as to first cost, com-
pared with the work done, and in working
expenses. The repairs of the permanent
way were also very much reduced, as may
be easily imagined. On the Eastern Coun-
ties Railway, in 1849, an engine and tender
of, say, 30 tons, a brake-van, a first-class

Vol. I—No. 5.—30.

carriage, and three third-class carriages,

conveying 120 passengers, made a total

weight of 59 tons, and the consumption of

coke was, on the average, 34 lb. per mile.

A steam carriage weighing only seventeen

tons will transport the same number of pas-

sengers at from 7 lb. to 8 lb. per mile when
the best proportions are attained.

It is unnecessary, we think, to prolong

this article by adding further arguments in

favor of the light rolling stock system. We
shall, in another impression, consider the

nature of the mechanical problems to be

solved by the designers of steam railway

carriages, and the best methods of solution.

STEEL HEADED RAILS.

In 1866 Messrs. John A. G-riswold & Co.,

of Troy, sent 500 tons of steel headed rails,

in lots of 10 to 100 tons, to some dozen differ-

ent railway companies. The steel surface was
about § in. thick when finished ; the rail

was a pear-headed 56 lb. pattern, the stem
being, as it proved, too light for very heavy
engines. Under a yielding iron head, the web
had proved strong enough. Under the very

heavy engines of the New York Central and
Michigan Southern, some of these rails

failed in the stem, but the heads rarely be-

came loosened. The wear was, however, in-

the worst cases, very much better than of iron,

and the greater number of the rails are still

in use on these lines, although placed where
they endure constant switching and unusual

wear. On some lines, where the machinery
is somewhat lighter, these rails are all in

excellent condition. Some on the Hudson
River road, between Albany and Troy, show
hardly any deterioration. The report of the

Eastern Railway (Mass.), for 1868, says of

them :
" We have had 25 tons of iron rails

with steel heads, in use as an experiment,

in our main track for upwards of two years,

and so far with the most satisfactory re-

sults." The Superintendent of the Boston
and Providence Railroad, says of some of

the same lot of rails : "I take pleasure in

saying that a lot of steel-headed rails, fur-

nished by John A. Griswold & Co., in 1866,

are wearing equal to the best English (steel)

rails ; indeed there is no difference. These
rails are laid on one of the most exposed

places on this road." On the whole, this

steel-headed rail has proved itself equal to

about three of the best iron rails.

The heads of these rails were made from
some of the first Bessemer steel produced
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at Troy, and were rolled into slabs deeply

grooved on the under side, where they were

to be joined to the iron pile. The weld, or

the weld and the dovetail together, made a

much more perfect union between the head

and the rest of the rail, than is usually

made in iron. The three years practical

test, and numerous tests by the trip-ham-

mer, have shown the union to be sufficient,

and nearly uniform for the whole lot. With
a heavy, strong iron body, such steel-

headed rails should wear, for some years, as

well as all steel, but of course they would

not be as stiff, and when the head was worn

very thin, it would doubtless come off. The
practicability of making a good steel-headed

rail, by this method, is certainly proved.

Another kind of steel-headed rail is being-

produced by Mr. Coxe, at the Reading Rail-

way Company's mill. The cut, Fig. 1,

shows the method of

laying up the pile (9

in.), the shaded parts

being sepai'ate small

bars of low cast steel,

made at the William
Butcher Steel Works,
Philadelphia. Fig. 2

(full size) shows the

steel as it appears in

the finished head.

Fig. 1,

9"

The welding appears very good, although

the head cannot he as homogeneous as a solid

slab. With some of the piles, borax, fire-

clay, and sand were used as flux ; with

others, the Hindermeyer flux, which was
quite satisfactory. Some 20 tons of these

rails have been laid in one of the hardest

places in the Reading track, which will soon

determine their value.

THE HISTORY OF GUE-C0TT0K
THE EARLY MANUFACTURE— ITS DANGEB
AND ABANDONMENT—LENK's IMPROVE-
MENTS—NEW DIFFICULTIES—THE MAN-
UFACTURE IN ENGLAND ABEL'S IM-

PROVEMENTS—PRESENT PROCESS AND
RESULTS.

Compiled from the London "Times."

In the year 1846 Professor Schbnbein, of

Basle, announced that he had discovered a

substance possessing all the useful qualities

of gunpower without the defects. Gun-
powder is dirty, rather dangerous to manu-
facture, and leaves behind it when exploded

both a considerable quantity of solid mat-

ter, fouling the piece within which it has

been consumed, and volumes of stifling

smoke. The invention made its way into

popularity with great rapidity, for what can

be more desirable than an explosive material

of great strength in the form of a soft, clean

substance that gives no smoke in its com-
bustion, and leaves no traces behind ? The
idea of gun-cotton was not entirely new.

Braconnet in 1833, and Pelouze in 1838,

had produced a material called xyloidine,

very similar in its nature to gun-cotton.

Pelouze had even proposed its employment
for artillery purposes, but the subject had
never attracted much attention till Schbn-

bein exhibited the substance itself to the

British Association at Southampton in 1846
In the same year he proposed it for trial in

France, Prussia and Austria. A general

enthusiasm arose ; and, while Messrs. Hall,

of Faversham, began to manufacture it in

England, foreign governments seized upon
the idea, and began to carry it vigorously

forward.

But if its popularity arose and spread

rapidly, so did the reaction against it. Ter-

rible explosions occurred in factories and
magazines—not in one country, but in all.

In England three men who were making
gun-cotton rockets were killed on the 24th

of June, 1847 ; and on the 14th of July
such a fearful explosion happened at Messrs.

Hall's factory that gun-cotton became as

much dreaded as it had been welcomed be-

fore. The two buildings in which the man-
ufacture was in progress had walls eighteen

feet thick, and were separated by a huge
mound of earth forty feet high. Yet the

echoes of the first frightful roar had not been

given back before the second building blew

up. Late discoveries seem to throw some

light upon this phenomenon, which has often
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been noted as occurring even in gunpowder
explosions. A distance of two or three

hundred yards has been found insufficient to

break this terrible sympathy—for sympathy
it probably is. At Messrs. Hall's works
twenty-one persons were instantly killed, and
sixteen suffering wretches lay mangled or

burnt upon the ground. The manufacturers

would have no more to do with- so deadly a

material. No one could tell how either of

the explosions had occurred. A dread mys-
tery hung over the event, and Messrs. Hall

set men to dig a deep pit, into which they

threw all the gun-cotton they had made, right

thankful to see it interred alive. And alive

it was still. Sixteen years afterwards some
of it was dug up for experiment. The rains

had filtered through it. The earth, greatest

of all chemists, had worked what it could

upon the soft white mass, but its nature re-

mained the same, and its force was but little

abated. It is not necessary to say that

gunpowder would, under such conditions,

have melted into a black paste, and, gradu-
ally parting with its saltpeter, have become
perfectly innocuous. The French govern-

ment and the German Confederation were
almost equally unfortunate

;
and the worst

feature was that no amount of care seemed
sufficient to preserve gun-cotton from igni-

tion. The ugly phrase " spontaneous com-
bustion " was whispered about, and every

report was unfavorable to the new explosive.

Among the officers composing the com-
mittee assembled from the different armies

of the German Federation was a certain

Austrian captain of artillery, called the

Baron von Lenk. Agreeing with his coad-

jutors that gun-cotton, in its actual state,

was not suitable for military purposes, he yet

believed that it could be made so. Encour-
aged by Count Degenfeld, he prosecuted his

experiments, and found out how to render it

safer. He also tried to control its action

;

for one of the great faults of the old gun-
cotton was its excessive rapidity of inflamma-

tion, and consequently destructive effect up-

on the gun in which it was fired. The safety

was gained by a more complete conversion

of the original material into gun-cotton, and
its subsequent purification from all traces of

uncombined acid, as far as was possible, in

his method of manufacture. The regula-

tion of the action was obtained, so far as it

was obtained at all, by using skeins of

twisted cotton in the first instance, and then
winding them round wood, twisting them
into ropes, or compressing them into com-

paratively solid masses. Some success was
attained, and the Austrian government again

took up the question. When an army of

observation was placed in Galicia during the

Crimean war, four batteries of eight guns
each were provided with gun-cotton charges.

There was no opportunity of trying them in

battle ; but experiments showed that the

new material was uncertain in its action and
destructive to the guns. Some of the charges

even ignited during the process of loading.

Artillery officers almost unanimously reject-

ed gun-cotton; and it would have been for-

gotten, but that none of its objectionable

properties seemed to hinder its employment
for mining purposes, while the suddenness
of its effects rendered it peculiarly well

adapted for blasting rocks and submarine
explosions. So the engineers received it as

it fell from the hands of the artillery, and
have never since entirely rejected it. They
had stores of it in Venice and the Quadri-
lateral during the war of 1859 ; and even
the artillery, being in want of something
that could be called new to oppose to the

French rifled guns, prepared gun-cotton

batteries in Vienna, which wore, character-

istically, just ready for service when peace

was concluded at Villafranca. Scarcely had
a few rifled guns been made on the French
system, when it was found that they would
not do. Count Degenfeld was appointed

Minister of War, and again brought gun-
cotton forward for artillery. An ingenious

system of rifling was devised, and tried with

gun-cotton. The results were good enough
to warrant the Minister in ordering thirty

batteries (240 guns) to be prepared and
equipped in the same manner. Some of the

European nations which had dropped the

subject since 1847, England being one of

them, sent officers to study the details, and
learn Lenk's system of making gun-cotton.

But just then came reports of unlooked-for

burstings of shells and mining charges in

Italy or at Vienna, and, finally, the blowing

up of a magazine at Simmering, near Vienna,

where gunpowder and gun-cotton were stored

together. The old mystery hung over the

occurrence. No fire had been near the place,

as well as could be learnt. It was enough.

The Austrian artillery had burnt their fin-

gers too often ; they would have no more of

this soft, white, treacherous substance, which
promised so fairly only to betray. It fell

completely out of favor, and nothing has

been done with it since in Austria, except

for mining purposes and torpedoes.
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But the British Association had taken up
the matter again in 1862, under the ail vice

of G-eneral Sabine, B. A., President of the

Boyal Society. A committee was appoint-

ed, their report was read in 1863, and at

last the English government appointed a

committee to investigate the whole subject.

According to British usage, they began at

the beginning, and worked doggedly on

through all previous experiments, leaving

nothing unproved. They had just cleared

the subject from most of the fog that ob-

scured it, and the light was beginning to

shine pretty clearly, when, again according

to British usage, the committee was sudden-

ly dissolved. Fortunately, Mr. Abel, F. K.
S., chemist to the War Department, had
become a convert to the possibility of event-

ually finding a substitute for gunpowder,
either in gun-cotton or some analogous sub-

stance. His researches have already carried

the subject far beyond any point previously

attained, and the progress made has been so

considerable that gun-cotton may now be

considered as quite fit for sporting purposes,

and on the way to become so for rifled small

arms, perhaps even for field artillery. It

appeared as if chemists could in nowise
satisfy themselves as to the value of the ma-
terial until they had put a hard name to it.

As long as it was only gun-cotton it made
no progress. It languished even as pyroxy-
lin, but has moved steadily forward ever

since it became tri-nitro-cellulose, a rich

name and comfortable to the mind.
It was, therefore, not to see gun-cotton

made and tried, but to witness the manufac-
ture and investigate the properties of tri-

nitro-cellulose that a party of scientific gen-
tlemen and military officers, French and
English, recently went down to Siowmarket.
Mr. Abel's improvements have been adopted
by Messrs. Prentice, and at their works
alone can now be studied the latest forms
which this material has put on.* The Aus-
trian manufacture stopped at the point

where the cotton was supplied in the form of

skeins, which were dipped in a mixture of

nitric and sulphuric acid, then placed in jars

to soak thoroughly, then half dried in a cen-

trifugal apparatus, and afterwards washed

*The Messrs. Prentice commenced the manufacture
of guu-cotton under Baron von Lenk's patents in

1S63. We had an opportunity to witness the first

experiments made by them, which, together with
many other experiments and facts of interest con-
cerning gun-cotton, are very fully considered in the
appendix to " Ordnance and Armor."

—

Ed. V. N's.
Magazine.

thoroughly and long by hand and in running
streams until no free acid could be detected.

For small arms cartridges a hollow plaited

rope was then made of it, cut into lengths,

and arranged round little wooden spindles,

the ends of which penetrated the bases of

their bullets and held fast there. When first

Messrs. Prentice commenced their manufac-
ture they were under the advice of Baron
von Lenk, and followed the Austrian method
exactly. Soon they found the rope plait was
inconveniently long. They tried a solid

pope, but it inflamed too suddenly and
strained the gun. Then they tried a solid

rope of mixed gun-cotton and common cotton.

This was not so dangerous, but its action was
not always the same. They tried also what
may be culled gun blotting-paper, and rolled

it up into cylinders for cartridges, but they

have now exclusively adopted Mr. Abel's

newer methods, which have the two advan-

tages of rendering the gun-cotton perfectly

safe and almost perfectly manageable—safe

because the great thing to be avoided is a

mass of cotton, either imperfectly converted

or containing free acid. Cotton, like hair in

its ordinary state, is made up of a vast number
of small tubes, which all have the power cf

taking in liquid by capillary attraction, and

retaining it in spite of all washing. If there

is any free acid in the gun-cotton it has many
opportunities for combining chemically with

other substances, and so setting up heat

which accumulates, and may at last fire a

portion of the mass. Mr. Abel obviates this

by tearing the cotton into fragments, mak-
ing it, in fact, into pulp. The process of

making gun-cotton at Stowmarket is thus

carried on :

—

Bough waste cotton, no matter how short

the fiber, is cleaned thoroughly, dried, and

dipped into a mixture of three parts sulphuric

acid to one of nitric. If the acids were weak,

the cotton would dissolve. With the strong

acids used a combination of the nitric acid

and cotton ensues, while the sulphuric acid

takes up the water left behind by the nitric

acid and so keeps the latter always strong.

There is a row of small tanks fed with acids

through pipes from a reservoir. Into each

of the tanks one pound of cotton is dipped,

care being taken to immerse it all completely.

It is then taken out and laid upon a grating

over the tank to drain, and thoroughly

squeezed by iron paddles. Twenty minutes

suffice for this operation. The converted

cotton now goes into jars, which stand in

water to keep them cool, for much heat is



VAN NOSTRAND'S ENGINEERING MAGAZINE. 437

developed in the combination. After soak-

ing here for many hours, the cotton is placed

in a revolving drum with small holes in its

exterior. It whirls rapidly round, and dis-

charges most of the spare acid by its centri-

fugal force. Then comes a very important

process—the washing. First the cotton is

thrown into a fall of water, and a man
-watches to prevent any of it escaping instan-

taneous immersion, otherwise the acid and

the water would set up an action strong

enough to burn some of the cotton, or, at

least damage it. After thorough washing in

a tank under the waterfall the material is

placed in a vat to steep in water for twenty-

four hours ; then it goes to a second and a

third, and so on for a week. By this time

no acid is perceptible. The cotton is then

placed in a mill like that used in paper-

making. The water used to make the pulp

is slightly alkaline, in order to take up the

last traces of acid. The next operation is

drying again in a centrifugal machine. There

has now been produced a gun-cotton pulp,

which has only to be pressed into the shapes

most convenient for its intended purpose.

The most common forms are those intended

for fowling-pieces and blasting. Another in-

vention has lately been introduced to render

the cartridges impervious to damp. There

are 30 grains of cotton to a gun of No. 12

bore. One' grain of india-rubber dissolved in

30 grains of spirit is then used to saturate

the pressed gun-cotton. After drying, the

spirit evaporates, and the caouchouc remain's

throughout the mass, completely preserving

every particle from damp, though gun-cotton

does not deteriorate by damp so long as it

be dried again before firing. Almost every-

thing that is made of gun-cotton has a hole

through it to facilitate combustion. The
pulp is first pressed in a very wet state, and

then pressed yet smaller before drying. It

is finally dried, and put in boxes for use.

The pulp and various shapes into which it is

pressed are Mr. Abel's inventions.

Such is the manufacture of gun-cotton.

Some of its properties are most curious, and

really deserve to be called sympathetic. For

instance—take a loosely-twisted thread of

gun-cotton, and lay it on a flat table, care-

fully drawing out a few filaments at one end,

so as to form a point. Light a small piece

of wood, a match if you will, but blow it out

as soon as the wood is well inflamed. Ap-
proach the spark that remains delicately to

the extended filaments. They meet it and
begin to burc But how ? Very far from

explosively. The whole thread smoulders
away like touch-paper so long as no wind
blows upon it. But blow the flame the least

towards the rest of the thread, or even bring
a flat surface close to it so as to push the
heated gas for one moment back upon the
thread, and the whole goes off in one flash

in the ordinary way. Light it with the
flame of a match, the whole flashes off at
once. Go one step farther, and ignite it by
a little detonating arrangement, the gun-
cotton sympathizes again and actually deto-
nates. Since this curious property was dis-

covered, it has been found to apply to gun-
powder in a more limited form; and here
have we not the long-sought clue to the
sympathetic explosion of one magazine after
another even when at considerable distances
apart ? Neither a layer of air, nor water,
nor even plaster of Paris, will save gun-
cotton from detonating if there be an ex-
plosion of the same character near it. Here
is a strange physical property which will be
of the utmost value in mining. It is the
sudden and violent effect of nitro-glycerine
without its character of treachery to its

friends. The miner has in his charge of gun-
cotton two perfectly different physical forces
stored up. He can call either of them into
life at his will. Let him light his piece of pre-
pared rope with any ordinary flame, even the
explosion of gunpowder—the gun-cotton will
give just such a rending strain as gunpowder
gives—rather more rapid, but of the same
nature. Place a small detonating tube in-
side your rope or leaning against it, ignite
this, and the gun-cotton will explode with
the same rapid, active, intensely local explo-
sion, shattering to atoms all that is within
reach. The smouldering form of burning is

as yet too delicate to be made practical use
of. The mildly explosive form is adapted
for guns, the rapid shattering for any pur-
pose where great local effect is to be pro-
duced, such as shattering rocks into small
pieces, charges for shells, blowing down
palisades, and generally breaking anythin o-

into pieces.

Illustrations of the two latter forms of
explosion were given abundantly recently
(Jan. 22). After seeing the processes of
manufacture, the visitors went to the shoot-
ing-ground and not only saw some practice
but ascertained personally the comparative
effect of gunpowder and gun-cotton in a fow-
ling-piece with small shot. The penetrative
effect was about equal. The gun-cotton
cartridges threw closer, and in a very mark-
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ed degree. It mattered not who took the

gun in hand, the average difference was al-

ways about the same. The recoil of the gun
was much less with gun-cotton than with

powder. This is very well known, but we
are disposed to venture a different reason

for it from the one commonly given. It is

usually said that the gas produced has to

move solid grains of powder as well as

shot. The difference must be very trifling,

and cannot possibly account for the extraor-

dinary want of kick in guns fired with gun-

cotton cartridges. We believe that the ac-

tion of the gun-cotton is more local because

more rapid, and expands itself in creating

motion in the particles near at hand when
the explosion occurs, rather than in moving
the whole mass of the gun. This theory

seems to be confirmed by the fact that as

gun-cotton is more diluted by inexplosive

cotton it gives more recoil. If we are cor-

rect in this supposition, it is clear that the

gun-cotton strains the gun more, but fowling-

pieces have generally a large margin of

strength, and the charge of shot moves much
more readily than a bullet in a rifle. This

supposition may also account for the closer

throwing of shot from the gun, for the

greatest pressure of the gas occurs while the

shot is yet far from the muzzle ; hence less

tendency to separate at the mornont of leav-

ing the gun.

As the first experiment against palisades,

a disc of gun-cotton, weighing about 1 lb. 1

oz., was placed on the stump of a tree lately

cut down and ignited by an ordinary piece

of miners' fuse. At the instant of ignition

it was enveloped in flame and sailed merrily

about for the two or three seconds required

for its combustion. The gas produced lifted

it up and caused it to move. Then about

half the quantity was placed on the same
spot and ignited by a small detonating tube.

A sharpe, sudden report was heard, and the

stump was found on inspection to bo partly

penetrated just where the charge had lain,

while the twigs of the hedge close by suffered

severely. On seeking for a new illustration,

a large tree-root was seen which had been

torn out of the ground, and offered among its

gnarled and bossy structure a favorable

position to deposit a charge. One of the

discs about 1 lb. 1 oz. was accordingly placed

at the mouth of a small cave that seemed
inviting. The gun-cotton was not buried in

the mass, but only laid as it were on a shelf

perfectly open to the air. The gentlemen

present retired to what they considered a safe

distance, about 50 yards. There seemed to

be some doubt about the effect. Is it possi-

ble that so small a quantity of gun-cotton

could rend such a mass even if buried in it ?

Surely not when it is only laid on the floor

of an opening. The moment of explosion

is anxiously awaited. A man lights the fuse

and runs for his life. There is a little

smoke. Is the cotton burning as the first

sample did ? Wait a little yet. The tube

has not given its sharp cracking sound.

One moment more, and then a report and a

rush through the air of masses of wood.

Overhead, right, left, in front, everywhere.

Soldiers who have known what it is to be

under shell fire ducked to dodge a big lump
of knotted wood that sprang 04 yards from

its parent root, just clearing the heads of the

party. It was only for a moment, and then

everybody ran to see what had been done.

The whole great root had simply been shat-

tered to pieces.
.
The next experiment was

on a row of palisades composed of three

trunks, some of them eighteen inches in di-

ameter, and all sunk four feet into the

ground. A long tree-trunk lay touching

the foot of the palisade, and upon this 5 lbs.

of gun-cotton was laid. Wires communi-
cating with a magnetic apparatus were affix-

ed to a detonating tube, which was placed in

contact with one of the discs of gun-cotton.

The time of suspense was short, and then

the explosion was heard. One mass of wood
only was seen to plunge away from the pali-

sade ; it was the recumbent trunk upon
which the cotton had been laid. The pali-

sades themselves were standing, though a

good deal damaged. No practicable breach.

But there still remained a long space of

palisading yet untouched, and here, instead

of 5 lbs., 15 lbs. were laid, partly built upon
each other. The excitement began to in-

crease. It was the old story of the targets

and the guns, and now several people might

have been found to back the palisades. Fuse

and wires were placed. Everybody retired

to a safe distance. At last came the sharp,

powerful crash, so unlike the dull roar of

gunpowder, and this time there could be no

mistake about the effect. Huge logs were

seen performing somersaults at greater or

less distances from the explosion, while

smaller pieces, some about a couple of feet

square, bounded like rabbits over the field.

On reaching the target the effect appeared

to have been tremendous. In some places

a tree-trunk had been cut in half almost as

if with a rough saw, only not so straight.
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In others the solid wood was mangled so

that it could be pulled to pieces by the

hand. Three logs had been cut down or

smashed, and it was clear that no stockade

or New Zealand pah could withstand such

deadly effects for an instant.

And all this had been done by only 15

lbs. of the cotton. Three times the quantity

made up into a cylinder could be carried

with ease by a man at a run, who might also

drag the ends of the two wires as they un-

wound from a reel kept in a position of

safety. No fire need be seen, for there is

no match to light. Surely plenty of volun-

teers could be found to perform such work

at night, and so restore the superiority of

civilized man over savages ! It had been

contemplated to tie a ring of gun-cotton

round a living tree, and see if it could not

be cut down, but there was not time enough.

The experiments were over for the day, and

the visitors returned to London satisfied

that they had seen a most marvellous phe-

nomenon, and one which is only a first step

to a whole array of novelties iu the arts of

war and of peace.

FRENCH NAVAL ENGINES.
!Notes on the comparative experiments on three cyl-

inder Engines in the Imperial Marine, by M. le

Vice-Admiral Labrousse.

Translated for " Van Nostrand's Magazine " from
" Le G^nie Civil."

(editor's notice).

The readers of " Annales duGl-enie Civil"

will recall that one of the most important

questions connected with the application of

steam to war vessels, has been already dis-

eussed in our magazine. We refer to the

determination of the relative merits of two

systems, simultaneously employed in our

navy. The one, derived from the Woolf
system, (but which does not make use of

very high pressures nor of great expansions,)

introduces the steam directly into a central

cylinder, during T
8 5

,j of the stroke, and then

allows it to expand into two other cylinders

attached to the first and of equal capacity.

The other system, which employs steam at

a moderate pressure, gives it access to each

of the three cylinders through y
3^ to ĝ

of the stroke, according to circumstances.

Yice-Admiral Labrousse, as the result of

prior experiments and the most exhaustive

theoretical considerations, endeavored in

the article alluded to, to show that this lat-

ter system ha3 incontestable advantages

over the former, both in a mechanical point

of view, and in its military relation, and
concluded by insisting upon the immediate
abandonment of the objectionable system,

and the transformation of its machinery—

a

matter of no great difficulty. The argu-

ments of the honorable admiral, whose qual-

ifications in all that relates to steam engi-

neering nobody will venture to question, have
not, it would seem, been regarded by the

directing administration as sufficiently con-

clusive to warrant the instant adoption of so

sweeping a decision ; but it has seemed ad-

visable to seek in new experiments a more
decided and authoritative comparison and
more accurate results upon so grave a ques-

tion. During the past summer many instruc-

tive experiments were undertaken by the

iron-clad division ofthe navy; the programme,
it is but justice to say, having been
arranged by M. Puys de Lome, the author

of these same engines which are charged with
inferiority. In this case, as in all others, to>

the party on trial belongs the right of the

last word in his defense, until the investiga-

tion is completed, and the judges are ready
to render a decision. It certainly seems
that the time for a decision has fully come,,

and any further postponement of the issue-

will look like favoritism, and can only, in

the opinion of the admiral, aggravate a situa-

tion already most deplorable, nay even fatal,

and upon which they cannot, in any other

way, shed one ray of light. With a view to

bringing home to learned and impartial men
his own convictions in this matter, the honor-

able admiral submits to their judgment all

the steps of his investigation, the results of

which supremely affect the interests andt

honor of France, relating as they do to one
of the capital elements of her military

power. If we were to express merely our
own opinion, we should say that our convic-

tion, already prepared by the previous paper
of M. Labrousse, is now complete ; for it

seems impossible to oppose a single valid,

argument to inferences so clear and convinc-
ing. But it is to the enlightened public, to

whose judgment the admiral makes his

solemn appeal, that the right belongs of de-

ciding between the two opinions before it on
this grave question

—

Comite de Redac-
tion.

The armored frigates Savoie, Gaidoise and
Guyenne, which form a part of the Oceanic;

naval division, were subjected, a while ago,

to some comparative experiments, relative

to power and consumption. The Savoie has

an engine with three equal cylinders, with
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direct admission into one of them; the

Gaidoise has also three equal cylinders, but

with direct admission into all of them*; the

Guyenne is furnished with the ordinary two

cylinder engine. The experiments, con-

ducted according to a carefully elaborated

programme, have been made with the utmost

care. "Nothing whatever," says the re-

port of the commission presided over by

Rear-Admiral d' Hornoy, " has occurred to

interrupt their course, or to aifect, in the

smallest degree, their validity." "We may
therefore consider the results as having all

the correctness which is consistent with the

official programme. In a former paper, con-

taining an examination of the three cylinder

engines, we had arrived at some summary
conclusions, founded upon various theoreti-

cal considerations, which arose from an ex-

haustive discussion of the experiments before

us. We put them in the following form :

If we compare the new engines of the

Savoie type with the three independent cyl-

inders of the Gauloise type, we must con-

clude from the foregoing discussion that the

latter are superior in every respect.

1. They are on the same footing with

respect to consumption of fuel, and yet the

latter have attained, with a boiler pressure

less than 59 centimetres [of mercury], a

jpower in excess of 4,000 horses.

%. They offer better security for attaining

,a great number of revolutions, because their

method of coupling is more regular [equi-

angular], because the maximum pressure

mpon the journals is 50 per cent less, and

because injurious effects of heat are less to

be apprehended.

3. The static equilibrium of those parts

subjected to alternating motion, is more ex-

.act—a result of the more regular manner in

which the cranks are attached to the shaft.

4. To attain a normal power of 4,000

horses, we can in the engines of the Gauloise

type, reduce the working velocity adopted

for those of the Friedland or Savoie, either

by increasing the pressure (without reaching

even 133 centimetres), or by increasing the

admission ; while in the Friedland or Savoie

type, this power cannot be attained except

by exceeding the normal pressure of 133

centimetres, and increasing the working ve-

locity, which is already too high.

5. Finally, as the normal admission in an

engine of the Gauloise type, is only -j^-, when
the boilers are deteriorated, we can, with-

out diminishing the power, employ a larger

admission, and thus work at a lower pressure,

which is impossible with the new engines, in

which the admission is already -^/fr.

The experiments with the armored ves-

sels of the Oceanic division, have confirmed

these various assertions in the most com-
plete manner, and all the more conclusively

because they were conducted upon a pro-

gramme laid down by the very author of the

Savoie type of engine. We shall set out

these facts in a manner that ought not to

leave any doubt in the mind of any reader,

however prejudiced in favor of the latter sys-

tem.

Meantime we may venture the remark,

that our object is only to establish an ab-

stract and general comparison between ordi-

nary engines and established machinery after

the Woolf system, (properly speaking,) with

high pressures, which involve the use of

surface condensers when sea-water is the

only available source of supply. This will

give rise to a question which we shall pro-

bably have occasion to touch upon further

on, when we come to discuss the military

requirements of a vessel. Our present task

is less complex. In a word, it amounts to

this:

The French fleet contains, either in ser-

vice or building, nine three-cylinder engines

of a thousand nominal horse-power ; two
with independent cylinders, and seven with

direct admission into only one cylinder, ac-

cording to a system derived from the Woolf
principle. In all these engines the boilers

are fed with sea-water. The pressure in the

boilers should therefore be limited, in the

seven engines of the second type, to 133
centimetres—a maximum, beyond which the

author of these engines himself admits that

deposits of salt cannot be avoided. What
we urge is the transformation of these seven

engines into engines with direct and inde-

pendent admission into the three cylinders,

for the sake of advantages of every kind,

mechanical and military, which undeniably

appertain to the latter class. The conver-

sion can be effected with little difficultj',

and without affecting materially the internal

arrangements of the vessels, and we have

already seen by the analysis and discussion

of the experiments made with the armored

division of the north, that delay in this

matter is no longer tolerable. But we pro-

ceed to our demonstration.

1. Experiments proving a fortiori, our

first conclusion ; greater power with less

boiler pressure and equal consumption of

fuel.
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TABLE I.

NAME. Pressure,
Centimetres.

Power, H. P.

115.8

60.

2,565

3,157

55.8 692

These figures show at once in favor of the

Gauloise an actual power one-fourth greater

with about half the pressure.

The consumption of coal, in the deter-

mination of which no possible means were

neglected which might ensure perfect exact-

ness, are compared in the following
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The report of the commission gives, for

the consumption reduced to three degrees of

saturation, the figures in place of

1,876 ' 1,605 1,463

1,920 1,579 1,432

which are given respectively in table III,

and which are marked by an asterisk. It

is apparent that some sensible errors have
crept into the reductions made by the com-
mission, and we have worked out the cor-

rections, after having made sure, in com-
paring the total consumptions, the duration

of the experiment, and the horse-power ob-

tained, as set forth in the tables of the com-
mission, that the figures 1,940, 1,603 and
1,454 are correct.

It appears from the foregoing tables that

the advantage rests with the Gauloise in

every case but one, and that with two
boilers—that is, with one-fourth the fires

lighted—an exceptional case, which we have
never seen in actual service.
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With respect to the power developed, it

was during the trials of June 27th, 18GS,

greater by about 600 horse-power (or one-

fourth greater) on the Gauloise than on the

Savoie ; while the pressure, which was 115.8

centimetres on the Savoie, did not exceed 60

centimetres on the Gauloise. The first of

our conclusions is thus confirmed, even be-

yond our expectations; but even though

the commission had reversed the results

—

that is to say, even though the Savoie was

made to show in the report of consumptions

an advantage which properly belonged to

the Gauloise, we none the less continued to

urge the conversion of engines of the Savoie

typo into the Gauloise type, taking our

stand upon the following considerations,

which we explained in our first paper upon

these engines.
" Au economy reaching even 20 per cent

(M. Dupuys de Lome's figures in his note

to the Academy) is not sufficient to com-

pensate for the defects of his engine. The
defects are all the more serious because

their principles may pass unobserved in

time of peace ; for the occasions on which

the machinery of our war vessels will be

called upon to develop their utmost power,

will be rare and of brief duration ; but in

war, and in the hours of supreme emergen-

cy, the speed, which, in M. Dupuy de Lome's
engines requires the highest pressures and

a perilous velocity of the piston, will be

often demanded and will be had whatever

the cost. Their dangerous character will

then be fully realized."

We proceed to examine our second con-

clusion. The more perfect equality of the

couple of rotation in the Gauloise engine,

appears from the fact reported by the com-

mission, that the regular motion may be re-

duced down to nine revolutions [per minute],

while in the Savoie it ceases to be regular

at twelve turns [per minute]. If the power

may be regarded, within the limits compar-

ed, as proportional to the cubes of the num-
ber of turns, then the minimum forces con-

sistent with the regular performances of the

two will be in the ratio of 729 to 1,728, or

as 1 to 237. The first part of our second

conclusion then is abundantly warranted by
the experiments of the Ocean division.

With respect to the second part of that

conclusion, viz : maximum pressures upon
the journals ; it is well sustained by results.

We have elsewhere demonstrated that, sup-

posing the mean pressures to be equalized

in the cylinders of the Savoie, the interposi-

tion of inertia would involve a great increase
of relative pressures upon the journals.
This increment of pressure will be greatly
augmented in the present case, because the
mean tensions of the steam are widely dif-

ferent in the different cylinders. Finally,

we asserted that injuries resulting from the
high temperature of the steam are less to

be feared in the Gauloise. We infer this

from the fact that about the same powers are
obtained on the Gauloise (3,157 horses), with
60 cm. of boiler pressure, representing 117°
C, and on the Savoie (3,215 horses) with
141.8 cm. of pressure, representing 134° C.
Our third conclusion as to the static equi-

librium of moving parts was evidently cor-

rect a priori, so far as it applies to the Fried-
land type of engine, of which the cranks are

attached at 90 and 135 degrees. On the

Savoie, where the cranks are attached at 120
degrees, (the same as the Gauloise), the in-

feriority of the static equilibrium shown in

the experiments, results from the difference

in the tension of the steam in the cylinders,

which the attachment at 90 and 135 degrees
is expressly intended to obviate, but is more
injurious than useful in the present case.

Our fourth conclusion is with reference to

the .means of obtaining great power with
low pressures in the Gauloise type. This
would be evident enough a priori. But to

show that it is sustained experimentally, it

may suffice to quote the figures. The Gau-
loise has developed 3,544 horse-power with
-j*

ff
admission and 88.8 cm. of pressure,

while the Savoie has developed only 3,215
with 141.8 cm. Comment is superfluous.

There remains the fifth conclusion, viz

:

sustained power in spite of deterioration in

the boilers. The Gauloise realized (17th
of June) 3,157 horses with only 60 cm. pres-

sure, while the Savoie, to realize an equal
power (3,215 horses), had to push the pres-

sure to 141.8 cm., and with 105 cm. her

power reaches only 2,207 horses ; indeed at

this moment the boilers of the Magranime,
(same engine) though in good condition as

yet, are so weakened over the fires, that it

is not deemed prudent to exceed 100 cm. of

pressure, and the engine is barely capable

of developing more than 2,200 horse-power;

while if it had belonged to the Gauloise

type it might, with this pressure, attain

4,000 horse-power^ as has been experiment-
ally shown in the (gauloise.

Altogether, the last experiments in the

armored Ocean squadron have brought
clearly and thoroughly to light all the de-
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fects we had charged upon the engines re-

cently introduced into the Imperial marine,

and justified the conclusions we had formed.

A single one of these conclusions, (that one

a fortiori in favor of our opinion,) has not

been found exactly in accordance with the

facts. It is that relating to economy of

fuel. In view of precedents, we had assert-

ed that the consumption of fuel for the

whole amount of steam generated would be

about the same in both types. In actual

experiment the Gauloise showed a marked
advantage over the Savoie. In view of re-

sults so complete and convincing, we need

not wonder that the superior commission ex-

pressed itself as follows at the announce-

ment of its conclusions :
" The facts speak

for themselves. The comparisons of the

three types of engines have, in the opinion

of the superior commission, demonstrated

the advantages of the three cylinders with

direct admission of the steam, &c."
Since "the facts speak for themselves,"

we shall add nothing to our argument, and

conclude by saying that the conversion of

all the Savoie and Friedland engines into the

other type, with three independent cylinders,

should be no longer deferred.

Vice-Admiral Labrousse.

A NARROW GAUGE RAILWAY.

THE BROELTHAL VALLEY LINE—TWO ET.

SEVEN IN. GAUGE—PARTICULARS OF
THE ROAD, ENGINES, CARS AND WORK-
ING.

Compiled from "Engineering."

The railway connecting the valley of Brbl

with that of Sieg, near Cologne, of which we
propose to give some particulars, is of in-

terest to engineers not only on account of

the narrowness of its gauge, which is 2 ft. 7

in., but also on account of the success with

which its working has been attended. The
line leaves the Cologne and Griessen Rail-

way, at Hannef, and with the exception of

a short length near that station it is con-

structed along the line of the ordinary road,

the administrative authorities having per-

mitted a width of about 4 ft. 8 in. to be

taken from the latter for the purposes of the

railway.

The Broelthal valley line was originally

designed exclusively for the accommodation
of the mineral traffic to the works of Fried

rich-Wilhelm-hutte ; but the inhabitants of

the surrounding districts found it to be to

their interest to employ the line for the con-

veyance of their goods, as the cost of trans-

portation was found to be about 66 per cent

cheaper than by the ordinary roads ; and as

a result the line has at the present time a

considerable general goods traffic. The
main portion is about 12| miles in length,

and with the exception of about § mile is

constructed, as we have already stated, along

the ordinary road. At a station called

Schbneberg, a branch about \\ miles in

length extends to Sancrbach. The com-
pany are also on the point of extending the

main line from Ruppiehteroth to Waldbrbl,
a distance of 6^ miles ; and as this portion

of the line cannot be constructed along the

ordinary road, the Prussian Government
have granted the company a subvention of

60,000 francs (£2,400), in return for which
the company have engaged to establish a

passenger service over their whole system.

The stations on the main line are eight in

number. Besides these there are watering
stations for the supply of the locomotives.

All the buildings are of the simplest kind,

and the arrangements for supplying water
to the locomotives consist simply of wooden
cisterns filled by hand pumps.
The railway follows exactly the course of

the road, and it includes curves of 38 meters
(124 ft. 8 in.) radius, and inclines of 1 in

80. The line is always carried on the most
dangerous side of the road, and it occupies

a width of 4 ft. 8 in., the total width of the

road being 24 ft. 9 in. Permission has also

been given, in case of a new line being laid

down, to increase the width occupied to 6 ft.

The upper sides of the rails are on a level

with the footpath, and at intervals channels
are provided for the escape of the drainage
water. Near Hennef, the line, together

with the road, passes over the river Sieg on
a wooden bridge, which was constructed at

the expense of the company, but of which
they keep in repair only that portion tra-

versed by their line, paying for the mainte-

nance of the remainder an insignificant an-

nual sum.

At Hennef the Cologne and Giessen line

is above the level of the surrounding soil,

and a siding serves to conduct the larger

wagous to hoppers, into which the minerals

are discharged, and from which they are de-

livered into the wagons of the Broelthal

valley line. At the basement of the range

of hoppers are the goods offices, and a run-

ning shed and turn-table for the locomotives,

and a weighing machine.
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The line is worked by two small tank

locomotives, these engines running alternate

weeks. These locomotives were constructed

at Carlsruhe. They have six driving wheels

in a rigid frame, and outside cylinders. The
principle dimensions are as follows

:

ft, in.

Diameter of cylinders 10xf
Stroke 10
Diameter of wheels 2 3^
Distance between centers of leading and

driving wheels 3 8g
Distance between centers of driving and

trailing wheels 2 11

Total wheel base 6 7-|

Diameter of barrel of boiler. 2 9 J

dumber of tubes 73

Length 5 7

Diameter 1.38

Length of firegrate 2 4
Width 1 H

Beating surface.

Tubes 147 sq. ft.

Fire-box 27 "

Total 174 "

Area of fire-grate 4^ sq. ft,

Pressure of steam 90 lb. per sq. in.

Weight of engine in working order .... 12£ tons.

The wagons employed on the line are al-

most all of the following dimensions, etc.

:

ft. in.

Length of body 10 2

Width 4 8

(In the new stock this width will be in-

creased to 5 ft, 4 in.)

Mean depth of body about 5 3

Diameter of the wheels 2 ft. 6| in. to 3 1

Wheel base 4 ft, 6 in. to 5 2

Diameter of axles 3 in. to 3|

Weight empty 2^ tons.

Load carried 5 "

Total weight loaded 7^ "

Weight per wheel 1J "

Cost per wagon £56 to £92.

The bottoms of the wagons incline from

the center downwards towards each side, so

as to discharge the minerals through side

doors. The longitudinal frames of the

wagons are of iron of channel section ; and

the springs are arranged, as usual, above

the axle boxes, the latter being protected by
flaps of leather or canvass, as on ballast

wagons, to prevent the dust from the mine-

rals, when the latter are discharged, getting

to the hearings. The wagons have central

buffers placed above the draw hooks, each

buffer rod being connected with the corres-

ponding draw bar by a lever, so that the

draw spring serves also as a buffer spring.

The draw springs are of india-rubber. Some
of the wagons have cast iron disc wheels

without tyres, whilst others have wheels of

the ordinary kind with tyres of puddled
steel. At first the wagons were run with
one wheel of each pair loose on the axle

;

but the results were not found to be satis-

factory, and the plan was therefore aban-

doned.

The line is laid with rails of the follow-

ing dimensions : Depth of rails, 3g in.

;

width of the top table, 1T
5^ in. ; width of

base, 2§ in. ; thickness of the web, -/^ in.

;

weight, from 22 lb. to 26 lb. per yard. The
rails vary in length from 14 ft. 9 in. to 21
ft. 8 in., and they are carried upon trans-

verse sleepers of oak, 4 ft. 2 in. long, 6 in.

wide, and 5^ in. deep, placed at a distance

apart of 2 ft. from center to center. In the

case of the sleepers at the joints, the width
is increased to 8 im The rails are secured

to the sleepers by spikes, and they are con-

nected by fish-plates 12^ in. long, held by
four bolts |- in. in diameter. The gauge of

the line is, as we have already stated, 2 ft.

7 in., but on curves of 40 meters (131 ft. 3

in.) radius the gauge is increased to 2 ft. 7|
in. The super-elevation of the exterior rail

on these curves is from % in. to \ in. A
trial was made on the curves of small radius

of ordinary flat-footed rails, weighing 72 lb.

per yard, laid without cross sleepers, but

the experiment was not successful. Form-
erly also movable rails were used instead

of the regular points ; but now ordinary

switches are employed. The crossings are

made of hard cast iron. The extension of

the line from lluppichteroth is to be laid

with rails weighing 34 lb. per yard, but the

distance between the sleepers is to be in-

creased, and they are to be placed at a pitch

of 2 ft. 11^ in. from center to center. The
rails laid on the main line, between Hennef
and Ruppichteroth, cost £8 18s. per ton,

and the fish plates £12 12s. per ton. About
15 tons of rails and 1,000 sleepers are used

annually in keeping up the line.

We must now say something concerning

the manner in which the line is worked, and
its commercial results. The usual load

drawn by the engines consists of 28 wagons
loaded with five tons each, giving 140 tons

of paying load. The total weight of the

train is thus, as follows :

Tons.

Locomotive V2\
Wagons 70

Load in wagons , 140

2224
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It is found that the engines can easily

draw 36 loaded wagons, but the above is the

usual load. The speed on the level portions

of the line is a little over nine miles per

hour ; and in traversing those portions of

the road at which there are habitations, this

speed is decreased to about 5^ miles per

hour. In case of meeting a vehicle with

horses not accustomed to the passage of the

train, it is the rule to stop, and by means of

the brakes, which are in charge of five men,
the train can be brought to a stand in a dis-

tance of about 130 ft.

But one train is run over the line each

way per day. This train leaves Hennef at

6 A. M., and arrives at Ruppichteroth at 8.

30 A. M., departing from the latter place at

1 P. 31., and arriving again at Hennef at 4

P. M. The line is worked with but a small

staff. The managing director is M. Gust-

orff, who resides at Cologne, and who is also

the managing director of Friedrich-Wilhelm-

hutte, while the line is in the special charge

of M. Saling, who bears the title of inspec-

tor, and whose head-quarters are at Hen-
nef, where a book-keeper is also employed.

Another sub-inspector is stationed at Schdne-
berg, and three men are employed in keep-

ing up the line, one of them receiving 1.875

francs (about 18d.), and the two others 1.8

francs (rather less than 15d.) per day. The
men in charge of the train, and their wages,

are as follows :

s. d.

1 Engine driver 3 1^ per day.

1 Fireman 18 "

1 Guard 2 1 "
4 Brakesmen, each 1 7 "

There are no signalmen employed on the

line.

The merchandise transported is divided

into four classes, which are carried at differ-

ent charges, the goods comprised in the first

class being those least liable to injury. The
tariffs are as follows :

Charge per ton

for the entire

Class. distance.

s. d.

1st. Minerals, limestone, etc 7

2d. Burnt lime, iron, hricks, etc 8

8d. Grain and fruits 9 5
4th. Miscellaneous. (The tariff for this class

varies according to the weight.)

The goods belonging to the three first

classes are, in addition to the above tariffs,

subject to a fixed charge of 4d. per ton for

loading and unloading. During the year
1864 (the latest year of which we have de-

tailed particulars) the total quantity of goods

carried over the line amounted to 32,709

tons, this quantity being divided as follows

:

Class.

From Rup-
pichteroth

towards
Hennef.

From Hen-
nef towards
Ruppichte-

roth.

Total tonnage
for each

class.

1st

2d
3d
4th ....

Tons.

27,970
344
140
50

Tons.

2,860
840
335
165

Tons.

30,835
1,184
475
215

28,509 4,200 32,709

The total receipts for the transport of the

above quantities of goods was £2,800, show-

ing an average charge of a little over Is. 8d.

per ton ; while the working expenses during

the year were £1,452, of which £120 was
fairly chargeable to the succeeding year.

The difference between receipts and expen-

diture, available for interest on original cost,

etc., was thus, £2,800—£1,332=£1,468.
The working expenses were divided as follows:

£
Charges for management 150
Traffic charges 188
Cost of traction 428
Station charges 177
Maintenance of way 234
Maintenance of rolling stock 216
Miscellaneous 59

£1,452

During the year 1867 the receipts amount-
ed to £2,584, and the expenses to £1,301,
leaving a balance of £1,283 available for

dividend, etc. The total cost of the line

and rolling stock, etc., has been as follows :

£
1. Permanent way of main line 9,114
2. Bridge over the river Sieg with ac-

cessory works 3,593
3. Branch line to Sanerbach 1,575
4. Stations and depots 3,363
5. Locomotives and rolling stock .... 4,165
6. General stores 505

£22,317

The total cost was thus about £1,526 per

mile for the total length of the line. The
sum given under the fifth head is divided as

follows

:

£
2 Locomotives with spare wheels ..... 1 ,753

29 Wagons without wheels and axles. , 1,405
101 Axles with wheels 887
Accessories 28
Tools, etc 92

£4,165
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The estimated cost of the extension of

the line, a distance of 6^ miles, to "Wald

brol, is £9,490.

THE SOCIETY OF ENGINEERS AND ASSO-

CIATES.

Without discussing, at this time, the ob-

jects and duties of institutions of engineers,

we merely wish to call attention to the fact

that this New York Society is in some re-

spects differently organized from many
others, and that it has in some respects

done the best work of any of our societies.

The movement which created the present

Society of Engineers and Associates, had
its origin rather in a feeling of what ought

to be done in this direction, than in a con-

viction that the time had come when such

things could be done. Its present success,

however, proves that it has one essential

and, among us, almost new element of life

in it, viz : that its meetings are attractive.

Of course the purest science and the dryest

formality are the correct theoretical features

of engineering meetings, but the first society

in the world—the Institution of Civil En-
gineers in London—does not dispense with

those appeals to taste, both aesthetioal and
physical, that are found necessary to bring

men together for almost all purposes except

daily and routine business. In a new coun-

try, especially when the results growing out

of association for scientific purposes are not

direct and immediate, the right men are few

and scattered, and if not full of engage-

ments in the evening, as well as in the day,

they are glad enough to devote the few un-

occupied hours to recreation. Now, a stiff

meeting, in an upper room, with a bad light

and worse air, is not likely to attract the

overworked engineer. He may attend from

a sense of duty, but as a rule the engineers'

meetings of a city, thus meagerly provided

with a professional home, will consist of the

gathering together of two or three in the

comfortable study of a fourth. But while

such gatherings lack the grand element of

numbers, in which there is strength, they

possess the equally essential element of at-

tractiveness. Now, by combining the two,

men will come in numbers, and getting the

men at stated times is three-quarters of the

battle. When they see their peers about

them, they will not be long in organizing

ways and means to get at the information

there is in them. Proceeding upon this

principle, the Society of Engineers and As-

sociates have held their monthly meetings

in a parlor at Delmonico's. While the pro-

ceedings are purposely informal, rather than

rigidly parliamentary, they are not aimless

nor desultory. The membership is made up
of the principal engine, machinery and ship-

builders of the city, and there is, therefore,

no lack of subjects upon which information

is wanted and can be given. Nor are pro-

fessional subjects alone considered. A
great object is to promote good feeling

among the members, and harmonious action

in the business and enterprises they repre-

sent. An attractive meeting place, and an

agreeable supper after meeting, are wise

features of the plan. Anglo-Saxons, espe-

cially in England, find it necessary to dine

together in order, to accomplish any enter-

prise in which several interests are associat-

ed. But the parliamentary features are not

wanting. There are standing committees,

having chairmen and secretaries, to look

after the various interests represented, and

to prepare business for the general action of

the Society. Thus the meetings, to which

it is specially desirable to attract the talent

and learning that would otherwise stay at

home, are relieved from the formality of

preparatory business, and the discussion of

special, local, and, to the professional pub-

lic, uninteresting details. At a mere nom-
inal fee of $10 per year, proper persons not

residing in New York are admitted to the

Society. The annual meetings (the last

Thursdays in January) are of a more gene-

ral and entirely social character. The last

annual meeting, at Delmonico's, called out

a greater number of professional men, espe-

cially in mechanical engineering, than we
remember to have ever seen collected before

in this country. It included prominent

builders from neighboring cities, and promi-

nent officers of the Army and Navy, and
distinguished scholars from our scientific

schools. Altogether it was more like a con-

versazione of the Institution of Civil En-
gineers, in London, than any gathering that

has heretofore taken place on this side of

the Atlantic. In this way, in addition to

its more local and business labors, the So-

ciety of Engineers and Associates is doing

great good, by attracting together the right

men, promoting acquaintance and good feel-

ing, and thus actually showing people more
in a few hours, of the usefulness and possi-

bility of a more perfect and comprehensive

organization, than could be taught them by

years of individual theorizing.
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LOCOMOTIVES FOR HEAVY GRADES.

A NEW SYSTEM.

Translated and condensed from Polyt. Centralblatt.

We find in the history of the locomotive

not only an astonishing development of con-

structions, based on the principles of Trevi-

thik and Stephenson, but also a great num-
ber of systems which, like those of Murray
and Blenkinsop, affect the locomotion of the

engine by means of a rail with spur-gearing

lying in the middle of the track (mid-rail),

or in some other similar manner, thus to

enable the locomotive to ascend heavier

grades. Baldwin, of Philadelphia, built in

1848, two engines according to this plan,

for the Madison and Indianopolis railroad,

and afterwards some engines with horizontal

driving-wheels for smooth mid-rails were
constructed by Sellers, for the Panama rail-

road. Recently, Fell made the bold at-

tempt to construct a temporary railroad with

very heavy grades and sharp curves over

the Mont Cenis, in using a similar system.

However, as the success of Fell's arrange-

ments has become more and more doubtful

of late, the heavy grade problem is attract-

ing once more the attention of engineers.

With a view of solving this problem, K.
Wetli has published a pamphlet containing^

an elaborate expose of a new system, a gen-

eral idea of which we intend to give our

readers in the following lines :

Wetli's system has a distant resemblance
to one of the older schemes of railway

and locomotive construction for heavy grades.

According to this older scheme, a short,

strong screw, attached to the engine below
its frame, and situated parallel to the track,

is turned by steam-power and works itself

along a concave mid-rail with oblique inden-

tations, thus pulling the engine forward.

Wetli's locomotive is also provided with a

kind, of a screw or rather a double worm-
wheel, which, however, is placed at a right-

angles to the track, its* axis being about
eighteen inches above the level of the rails.

It consists of two strong screws, one right,

the other left-handed, both fixed to the same
axle, touching each other in the middle of

this axle, and extending almost over the

whole width of the track, This worm-
wheel receives its motion by a connection
with the driving-wheels of the engine. Its

object is to help the engine along on steep

gradients. For this purpose straight guide-
rails are laid between the ordinary track-

raiLs in a transverse position, corresponding

to the thread of the worm-wheel. They
are laid in couples, the two rails of each
couple touching each other at an angle in

the middle of the track, and reaching on the

other hand the vicinity of the interior faces

of the track-rails. They are nearly five

feet apart. As these couples of transverse

rails are strengthened by cross-beams inside

the angle, the whole track has about the ap-

pearance of two parallel lines between which
a succession of letters A are inscribed one
above the other.

The described mechanism is not, however,
intended to give motion to the engine ex-

clusively, nor to act under ordinary circum-

stances. When on moderate gradients, and
in favorable weather, the friction of the or-

dinary driving-wheels is sufficient to over-

come the existing weight of the train, the

engine moves on in the usual way and the

worm-wheel does not touch, or scarcely

touches the guide-rails. But as soon as,

under less favorable circumstances, this

friction becomes insufficient, a sliding of the

driving wheels takes place, by which the

thread of the worm-wheel is brought in con-

tact with the transverse guide-rails, and
from this moment the driving-wheels and
the worm-wheel begin to work conjointly.

These are the general principles of this new
system, according to the account given in

Wetli's pamphlet. The inventor and author

further relates in an ingenious and appa-

rently successful manner, the principal objec-

tions that might be made to his system, and
finally claims for the latter the following

advantages

:

1. The wagons of ordinary railways can
pass unaltered on the track of the new system.

2. The locomotives of the new system can
pass unaltered on ordinary tracks.

3. The working capacity of the locomo-

tive is fully utilized, because its power of

traction can be and is considerably increased

at the expense of its velocity at any such

time and to such an extent as the circum-

stances require.

4. The rate at which the current working

expenses rise with the greater steepness of

the road, is considerably less in the new
system than in the one actually in use on
the Mont Cenis railroad.

5. The running of the trains is not de-

pendent on the weather or other exterior

circumstances, and all irregularities in the

service of the road that might otherwise

result from this cause, are thus avoided*

S.



448 VAN NOSTRAND'S ENGINEERING MAGAZINE.

EFFECTS OF PHOSPHORUS IN IRON AND
STEEL.

From a paper read before the Chemical Society "On
the Connection between the Mechanical qualities of I

Malleable Iron and Steel, and the amount of Phos-
phorus they contain," by Dr. B. H. Paul, and
the ensuing discussion.—" Chemical News."

It is generally considered that very small

quantities of phosphorus in malleable iron

and steel are most prejudicial to the quality

of the metal. Quite recently, an eminent
metallurgist has stated as a fact that much
less than .8 per cent of phosphorus pro-

duces a decided and injurious effect on steel.

The author has, however, been unable to

discover any evidence sufficient to justify

such a conclusion, and still less any reason-

able explanation of it. He has recently had
an opportunity of testing the truth of this

conclusion, by determining the phosphorus
in some samples of the iron and steel made
by the new nitrate of soda process from Bri-

tish pig-iron known to contain phosphorus.

Seven bars of iron and two bars of steel,

made by the Heaton process, were examin-
ed ; their tensile strength and extension had
been determined by Mr. Kirkaldy. The
iron bars had a tensile strength of from 46,-

547 to 52,824 lbs. per square inch of area,

and an extension, when subjected to this

strain, of from 21 to 28.6 per cent of their

length. The two cast-steel bars had tensile

strengths of 80,916 and 106,602 lbs., and
extended 3.3 and 13.7 per cent of their

lengths. In the iron bars, the author found
.144 to .38 per cent of phosphorus (average

.237 per cent), and in the two steel bars .24

and .241 per cent. The author, therefore,

thinks himself justified in asserting that the

commonly received opinion on this subject

does not always represent the truth.

Professor Miller has had opportunities of

examining some of these steels. It fact, he
might say that Dr. Paul's experiments had
been suggested by himself. Ho had found
in some careful analyses of his own, very

unusual quantities of phosphorus, even in

Samples of high class iron—iron which work-
ed well cold, and also at a red and bright

yellow heat. It could hardly be doubted
that in many statements of the composition

of iron the amount of phosphorus found had
been too low. The old method of estimat-

ing the phosphoric acid, which involved the

throwing it down as iron-salt, was unreliable.

The phospho-molybdate process, employed
by Eggertz, was undoubtedly the best; but
even this required the greatest care to avoid

getting too low a proportion of phosphoric

acid. It was very difficult to ensure the en-

tire precipitation of the phospho-molybdate.

One thing was clear from these experiments,

namely, that the presence of from two to

three parts of phosphorus in 1,000 of iron

was not so detrimental as was generally sup-

posed.

The President inquired how the phospho-

rus existed in the iron, and the form in which
it was eliminated during Heaton's process.

Professor Miller could not speak with cer-

tainty of the condition of phosphorus in the

iron ; it probably existed as phosphide. It

was, however, most certainly eliminated in

the form of phosphate.

Dr. Price remarked that there was noth-

ing new in the statement that such quanti-

ties of phosphorus might exist in wrought
iron, but that with regard to steel he had yet

to learn that .24 per cent of phosphorus
could be present without injuring the metal.

With regard to methods, he believed that

the one at present in use was absolutely cor-

rect, that, namely, in which the phosphorus

was separated as phosphate of iron, and then

determined with magnesia. The molybdate
method was excessively tedious.

Mr. Forbes said that in Sweden they would
pot receive for making steel, iron that con-

tained .1 per cent of phosphorus. Many
works had had to stop for want of ores that

were free from phosphorus. For one mine
of such ore there were ten which yielded ore

containing phosphorus, and they would most
gladly use it if they could. He could not

agree with Dr. Miller that the amount of

phosphorus in iron was under-estimated. The
molybdate process was thoroughly under-

stood in Sweden, and had been in use since

1856. Errors in the estimation of phos-

phorus could not be due to ignorance of that

method.
Professor Miller explained that he only

meant to say that the molybdate process re-

quired care. No doubt the results obtained

by Eggertz were perfectly correct. In an-

swer to the President, Professor Miller then

gave a short account of the Heaton process.

A quantity of the niter was placed in a

wrought-iron pot lined with fire-clay; on

this was put a perforated plate of iron,

and 12 cwt. of melted cast iron from a cup-

ola furnace were then introduced, with sand

and lime. During the reaction, fumes, first

white, then brown, next gray, were evolved.

A violent flame and a roaring noise attended

upon it. When again tranquil, the metal
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was emptied on the floor of the furnace ; the

slag ran out and the pasty mass was pressed

between rollers. He was unable to tell the

proportion of phosphorus in the slag. The
crude cast iron employed contained 1.43 per

cent, and the cast steel obtained under .3

per cent. A part, at least, of the phospho-

rus lost was certainly to be found in the

slag.

Dr. Paul quite agreed with Mr. Forbes

that Swedish steel was free from phosphorus.

As far as he could learn, there was no other

evidence in proof of the injurious action of

phosphorus on steel.

DOES IRON m BRIDGES DETERIORATE I

THE HAMMERSMITH SUSPENSION BRIDGE.

From "The Engineer."

A very interesting question has been put

to the public in general, and to engineers in

particular, by the Secretary of the Royal
Humane Society, through the medium of

the "Times." This gentleman has, it ap-

pears, remarked tm the occasion of more
than one boat race, that the pretty suspen-

sion bridge at Hammersmith is taken posses-

sion of by an excited crowd standing as close

possibly as men can stand ; and he has fur-

ther perceived that on the passage of the

contending boats beneath, this crowd surges

from one side of the bridge to the other,

and causes it to oscillate violently, as in the

manner of suspension bridges on compara-
tively slight provocation. He has heard
that in process of time iron crystallizes and
becomes brittle under strain. He is aware
that Hammersmith Bridge has been built a

long time, and strained and shaken not a

little ; he fears, therefore, that the quality

of the iron has been deteriorated ; and
dreading the consequence of the giving way
of any portion of the structure during the

approaching Oxford and Cambridge boat
race, he wrote a very sensible letter to our
contemporary, therein suggesting that the

matter should be looked into a little. On
Thursday week Lord Bury asked the Gov-
ernment, in the House of Commons, whether
they intended to take any action in the

affair, and was informed that the Board of

Trade would send a competent engineer to

examine and report upon the structure.

Meanwhile one or two more letters have ap-

peared in the " Times " on the subject, and
notably one from the pen of Mr. G-. Gordon
Page, C. E.

It is not disputed that up to the present

Vol. I.—No. 5.—31.

moment the bridge has proved itself to be

strong enough to sustain any strain which

sight-seers could put upon it. It has been

densely crowded over and over again, and

no important failure has ever taken place,

nor have any but the most trifling repairs

ever been needed. The assumption that an

accident may follow if the public take pos-

session of the platform on the 17th instant,

rests simply on the theory that the molecu-

lar structure of the iron has been deterio-

rated by vibration under strain, or that the

sectional area of some important members

—

such as the chains or the suspending links

—

has been reduced by corrosion. We must
wait for the report of the Board of Trade

engineer to settle these things. But, mean-

while, we may point out that the inquiry

possesses peculiar interest, not only as re-

gards Hammersmith Bridge, but all iron

structures exposed to vibration while loaded.

It has long been a vexed question among
engineers whether iron does or does not be-

come crystalline and brittle in service ; and
it will be no small achievement for the

Board of Trade to advance our certain

knowledge of the subject by the contribu-

tion of even one well verified fact. The
controversy may be regarded as involving

three different theories. According to one,

iron invariably becomes brittle and crystal-

line under even the most moderate strains,

provided it is kept in vibration for a suffi-

ciently long period. According to another

theory iron never becomes crystalline and
brittle under any strain ; and, according to

the best, the metal changes its character

only when strained above its limit of elas-

ticity—that is to say, when it has been

stretched to such an extent by any applied

force that it will not, on the taking off of

that force, return to its original dimensions.

The second theory is now almost universally

rejected as untenable by competent engi-

neers. It is excessively difficult to prove

which of the remaining two is right and
which is wrong, for the following reasons

:

In the first place it is impossible to tell the

exact strength of a bar without testing it

till it breaks. Therefore it is not easy to

determine whether any bar has been weak-

ened by age and molecular change or not.

We may try a bar now and find that it will

stand eight or nine tons per square inch

without permanent set. We may put this

bar in use, test it at the end of twenty years,

and find it stand just what it did before ;

but it by no means follows that this circuni-



450 VAN NOSTRAND'S ENGINEERING MAGAZINE.

stance proves that no deterioration has taken
place. To assume that the facts supported
this latter theory, is to assume that the ori-

ginal test was as nearly as possible all that

the iron would bear, so that no margin was
left for deterioration, which might or might
not be true ; but it is as we have said, prac-

tically impossible to test, in the first in-

stance, any bars used in a structure like the

Hammersmith Bridge, right up to the last

limit without going beyond it. In the se-

cond place it is difficult to prove that a bar
has deteriorated by any examination of the

structure. Those who believe in the deteri-

oration under vibration theory, maintain
that the iron loses its fibrous nature, becom-
ing crystalline and brittle. The assumption
of deterioration is based on the presence of

a crystalline internal structure in the bar,

which it is believed the bar did not original-

ly possess. Now it so happens that we know
less probably about the internal structure of

iron than about that of any other substance
used in the arts. We never see anything
but its outside. Break or cut an iron bar
as we will, still we are on the surface. Thus,
as is perfectly well known, a bar 10 ft. long
can be broken into ten pieces, showing alter-

nately a fibrous and a crystalline fracture.

Moreover, it does not follow that fibrous iron

must be stronger or better than crystalline

iron. It is quite true that rails, axles,

chairs, etc., which have broken after long
service, usually give a crystalline fracture,

but it has never been proved that we are not

confounding cause with effect when we say
that the rail or the axle was broken because
it had become crystalline. It may be just

as correct to say that the rail had become
crystalline because it was broken, for any-
thing proved to the contrary. Of course we
do not mean to assert that the structure of

iron or steel does not change during use, or

that these metals do not deteriorate in ser-

vice, for this is contrary to fact. We only

desire to point out that it has not been de-

finitely proved that iron becomes crystalline

when caused to vibrate under strain ; or

that, assuming crystallization does take

place under such conditions, it follows that

.the iron has become weaker because it is

crystallized. Whether it is brittle because

it has changed to the crystalline from the

fibrous condition, or whether it has changed
from fibrous to crystalline because it has be-

come brittle, no one can say with absolute

certainty. The brittleness is demonstrable,
the cause is not. It has been argued, in-

deed, and with some show of reason, that

there is no such thing as congenitally fibrous

iron, but that fibrous fracture merely results

from the drawing out and rearrangement of

certain previously interlocking crystals when
the iron is broken under test, just as an ap-

parently amorphous mass of felt may be re-

solved into its constituent fibers by careful

carding. The theory is not ours, and we
neither endorse it nor dispute it. We cite

it simply to show that there is at least one

way of reconciling difficulties connected with

the appearance of the fracture of iron.

As regards the examination of Hammer-
smith Suspension Bridge, we wish it to be

borne in mind that even should the test bars,

which we suppose will be taken from the

structure and broken, show a crystalline

fracture, the circumstances will not prove

molecular deterioration. Neither will the

presence of a fibrous fracture prove that the

structure is perfectly safe and trustworthy.

The point to which the Board of Trade en-

gineer should devote his attention, is the

degree of elongation manifested by the bars

before fracture. If this is not considerable,

it may be taken for granted that the iron has

deteriorated, whether the fracture is or is

not crystalline, because the bridge was built

almost before hot blast iron was known; and
there can be little doubt that whether very

strong or not, the materials of Hammersmith
Bridge were well made and originally duc-

tile in a very high degree. If the inquiry

is properly conducted, its results will prove

very valuable. The least carelessness will

render them useless.

Mr. Page's letter, to which we have before

referred, contains certain interesting state-

ments worth reproduction. Quoting a re-

port by Professor L. D. B. Gordon, dated

August 7th, 1862, he writes: "Hammer-
smith Bridge was erected in 1827 ; Engi-

neer, W. Tierney Clarke. Total length be-

tween land abutments, 71.0.7 ft. ; useful

width of road, carriage-way, 20 ft. ; two

footpaths, each 5 ft. ; total width, 30 ft.
;

span of main opening, 422.5 ft. ; ratio of

versine to span, 1-14.31 ; the total section of

chains at the towers, 180 square inches;

weight of a superficial foot of roadway,

63 lb."

As a matter of fact the bridge was com-

pleted in 1824, not in 1827. Mr. Page goes

on to say that " Drewry, an authority on

suspension bridges, states that the bars of

the chains were proved up to nine tons^per

square inch. The greatest possible load has
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been assumed by Mr. E. Clark at 80 lb. per

superficial foot, but this has been considered

as excessive by many engineers. An expe-

riment was made, which came under my
notice, by packing men on a weigh-bridge,

with a result of 84 lb. per superficial foot;

but it is not within the limits of probability

that such a crowd could accumulate on any
bridge. I gather from various authorities

that 70 lb. per foot superficial may be as-

sumed as a standard for the load that the

platform of a bridge could contain. Such
a load on Hammersmith Bridge would pro-

duce a strain on the chains of 8.86 tons, or

1.4 tons below proof strain."

Inasmuch as the maximum strain now al-

lowed by the Board of Trade is but five

tons, it is evident that the structure is near-

ly 45 per cent weaker than these regulations

allow ; and we confess that we think the ap-

prehensions—the expression of which has

led to the official inquiry—are very well

founded.

We cannot better conclude this article

than by appending a few particulars regard-

ing the construction of Hammersmith
Bridge, in addition to those given above,

by Professor G-ordon. His dimensions are

substantially correct. The deflection of the

main chains in the centre is 29 ft. 8 in. The
tension on the iron at the points of suspen-

sion is 1.857 times the entire suspended
load. The piers are of stone, 22 ft. thick,

42 ft. wide at the top, 72 ft. at the water-

line, and 48 feet high, measuring from the

carriage road. There are eight main chains,

arranged in four double lines, two small

chains being put one under the other on the

outside of each footpath, and two principal

chains on each side of the carriage way.

The small chains each consist of three rows
of 1 in. flat bar links, 8 ft. 10 in. by 5 in.

wide, coupled by 2| in. round bolts, and
covering plates 15£- in. long by 8 in. broad
and 1 in. thick. The large chains consist

each of six similar rows of plate links. The
vertical rods are 1 in. square, and stand 5 ft,

apart.

The Ellershausen Process.—Some
very careful experiments have recently

been made at one of our large ironworks.

In order to test several kinds of iron, and
to determine the waste with accuracy, the

iron was melted in a cupola and afterwards
weighed. Several varieties of ore were used.

Analyses of the material at different stages

are being made. We shall publish the results.

AMERICAN LOCOMOTIVES AND ROLLING

STOCK.
From a paper by Zerah Colburn, before the Institu-

tion of Civil Engineers, March 9th, 1869.

In construction and working, the American
railways represent little more than a modified

application of English practice. When the

systems of the railway machinery of the

two countries are compared, many of the

differences which first strike the eye are

found to be external, rather than fundamen-
tal ; and so, too, many of the peculiarities of

construction now retained in America are

due to the initiative of English engineers.

Pursuing the history of the introduction

of locomotives into the States, it was observ-

ed that the first two worked in A merica were

made in England in 1828, one by Mr. George
Stephenson, the other by Mr. J. U. Rastrick.

In the same year the engineers of the then

contemplated Baltimore and Ohio Railroad

visited this country, when Mr. Robert Ste-

phenson suggested to them what was now the

distinguishing feature of all American rail-

way rolling stock, viz, the bogie, to be applied

to the engines intended to work round curves

of six chains radius, at that time proposed to

be adopted. The bogie, which had grown
out of William Chapman's invention of 1812,

was then, Mr. Stevenson stated, in regular

use upon the quays of Newcastle. Having
regard to the character of the lines first con-

structed in the States, it was essential that

the locomotives should be light and cheap,

and the first engines made there, between

1830 and 1832, weighed only from three and

a half tons to four tons. Some of the Eng-
lish-built engines imported at about that time

had their leading wheels removed, and a swi-

veling bogie substituted. The bogie was not,

however, exclusively employed. Consider-

able numbers of engines made by Messrs.

Stephenson & Co., Messrs. Bury, Curtis &
Kennedy, Messrs. G-eorge Forrester & Co.,

and Messrs. Braithwaite & Co., were after-

wards imported, and worked as originally

constructed ; and, as late as 1855, at least

one hundred locomotives of English construc-

tion, or made almost exactly upon Messrs.

Stephenson's plans, could have been counted

at work in the States. For many years

wood only was employed as fuel, and as it

produced great quantities of sparks, as an-

noying to passengers as they were dangerous

to goods, much ingenuity was directed to the

problem of separating and withholding them
from the escaping smoke and steam ; and the
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voluminous "spark arresters" were very
successful in this respect, while they gave

an individuality to the engines. Again the

rigor of the American winters compelled the

adoption of some kind of shelter for the en-

ginemen and firemen ; and this was afforded

by the bulky, and often extravagantly paint-

ed "cabs," which imparted a novel appear-

ance, but without in any way affecting the

principles, or economical conditions of work-
ing, of the engine.

As high speeds were seldom attempted
upon the early American lines, the greatest

steam tractive power was sought and obtain-

ed, both by working high pressure steam and
by employing driving wheels of small diam-
eter. Thus, although, in 1835, the English
built engines, and those copied from them,

were worked at 50 lb. pressure, and had 5

feet driving wheels, it was not long before

American practice settled upon 90 lb. to 100
lb. pressure and 4 ft. or even 3 ft. 8 in. driv-

ing wheels. It was soon found, however,
that the adhesion weight upon a single pair

of wheels, necessary to work up this increas-

ed steam tractive force, was too great for the

strength of the way, and coupling was then

resorted to ; and now, with the exception of

a few light tank engines on branch lines,

there was not probably an engine in the

States having single or uncoupled driving-

wheels. Four tons might be said to have
been the maximum per wheel for many years,

while three tons was the more usual average.

Compensating levers were now employed
on all American engines, whereby the weight

was not only equalized between the coupled

wheels, but the effect of a jolt upon one pair

was divided and distributed, through the

springs and levers, upon the other pair. For
some years, too, bearings of the outer ends

of the springs of the coupled wheels were
made to rest upon india-rubber blocks.

The details were then given of several de-

scriptions of engines long worked on the

Baltimore and Ohio and Reading railroads,

as well as of those employed to work the in-

cline of 1 in 16^ and 1^ mile long, at the

Madison terminus of the Madison and Indi-

anapolis railway. Compared with English

practice, in which six-wheeled coupled en-

gines had from 5 tons to 6 tons on a wheel,

and eight-wheeled coupled engines had 7

tons on a wheel, it was observed that the

subdivision of weight in American engines

was carried about half as far again, or, in

other words, that they averaged only about

two-thirds as much weight per wheel, and

that they thus required, for a given total

weight, half as many more wheels. Except
with smaller wheels, this could not be done
on any practicable length of wheel base ; but
none of the American goods and bank en-

gines, of which the particulars had been
given, had wheels larger than 3 ft. 11 in. in

diameter. There were objections also, of

much weight, to coupling a larger number
of wheels from a single pair of cylinders. It

was more or less difficult, if not impossible,

to preserve an exact equality in the diameter

of the wheels, an exact parallelism of the

axles, and exact equality in length of the

coupling rods. The extent to which coup-

ling had been carried in American goods en-

gines had been due, in a great measure, to

the following expedients. The coupled wheels

were as equally loaded as possible ; their

tyres, in a majority of cases, were of chilled

cast iron, since replaced by steel ; and the

former were cast, and the latter turned,

nearly or quite to a cylindrical form, or with

but little or no cone. The driving wheels

were the middle pair, or, in the case of an

even number of pairs, one of the pairs near-

est to the mid-length of the wheel base

;

compensating levers were employed, and ad-

justing wedges had for some years been ap-

plied to the axle-boxes. The coupling rods,

in many cases, were made without brasses,

round steel bushings being fitted to circular

eyes formed at the exact required distance

apart in the ends of the rods. With the ex-

ception of the leading and trailing wheels,

the coupled wheels were generally fitted with

plain cylindrical tyres having no flanges.

Outside coupling cranks, necessary with out-

side frames, had rarely been employed, and

were never so now. The coupling rods were

counterweighted within the wheels them-

selves, no attempt being made, in inside

cylinder engines, to set off their weight

against that of the cranks and attached

parts. In other words, the coupling pins of

the driving wheels were coincident, on each

side of the engine, with the position of the

crank in inside cylinder engines, and, of

course, necessarily so in outside cylinder

engines. The experience of American loco-

motive engineers had been to the effect that

with this arrangement, which was the oppo-

site of English practice, the axle-boxes wore

more uniformly, and that there was less

"knocking" where a little play in the horn

plates had once begun. And lastly, the

length of the crank being one-half the ra

dius of the small coupled wheels employed.
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any inequality in the length of the coupling

rods was attended with less slipping and

binding than where, with larger wheels, the

crank was but about one-third the radius of

the wheel.

The general form of passenger engine now
in use in the States was then described. It

had in most cases outside cylinders—indeed,

inside cylinders had not been built for many
years—and it had invariably four coupled

driving wheels and a four-wheeled bogie.

The leading dimensions of the representa-

tive type of passenger engines were : cylin-

der from 15 in. to 17 in. in diameter, with a

length of stroke of from 22 in. to 24 in., and
coupled driving wheels of from 5 ft to 5 ft.

8 in. in diameter. Such engines would ex-

ert a tractive force of 3£- tons to 4 tons

in starting, for which their adhesive weight,

assisted sometimes by sand, was sufficient;

and thus they could get quickly away from
stations, even with trains of a gross weight

of 200 tons or more. Economy of fuel had
not been studied to the same extent in

American as in English locomotives: the

blast pipes of the former were smaller, the

draught more forced, the back pressure

greater, and less expansion was attempted

in the cylinders, the link motion being gen-

erally arranged to cut off at one-third stroke

as a minimum, and at nine-tenths, or more,

as a maximum. It was thus that boilers of

moderate size were made to supply steam for

work equal to 300 indicated horse power, or

the exertion of upwards of 2 tons of draught

upon a passenger train at a mean speed of

25 miles an hour ; but there was nothing re-

markable in the consumption of from 50 lb.

to 60 lb. of coal per mile in such work. It

was stated that on the Pennsylvania Central

railroad—a line 356 miles long, with gradi-

ents of 1 in 100 and 1 in 55—the consump-
tion of coal for both goods and passenger

trains amounted on an average to about 70
lb. per train mile, the goods mileage being

three and a half times the passenger mile-

age. The coal was of excellent steaming

quality, and cost about .S^-d- in currency, or

2h<\. in coin, per train mile. At this rate a

difference in consumption of 24 lb. of coal

per mile would only cause a variation of Id.

per mile in the cost of fuel ; and it had been
argued that such a waste was better than the

alternative of employing an engine 4 tons or

5 tons heavier, to work with a less rapid rate

of combustion, a slower piston speed, and
more expensively.

The goods engines were moderate in weight,

had large cylinders and small wheels, and
drew heavy trains at a fair speed, with a
consumption of coal often amounting to 100
lb., or more, per mile. On the Pennsylva-
nia Central railroad the standard type of

this class of engine had ten wheels, of which
six, each 4 ft. 6 in. in diameter, were coup-
led. The whole weight of the engine was
only 31^ tons, and of this but 23| tons
rested on the coupled wheels, available for

adhesion. The cylinders were 18 in. in di-

ameter, with a length of stroke of 22 in.

With 60 lb. mean effective pressure per
square inch upon the pistons, those engines

would exert a tractive force, less their own
internal resistances, of rather more than 31
tons, or about one-seventh their adhesion
weight, although in starting a train, or in

ascending a gradient, with 100 lb. pressure

on the pistons, the steam tractive force would
be 6 tons, equal to more than one-fourth of

the adhesion weight, the efficiency of which
would then be assisted, when necessary, by
sand. Details of the performance of some
of these engines were next given. In one
case, after allowing for gravity 8| lb. per
ton, for a train, engine and tender included,

of 1,040 tons weight, the total resistance

would be 4 tons, and thus the work done on
each mile was calculated to be equal to 24
horse power exerted for one hour ; and if the

estimates could be trusted, the consumption
of coal per horse power per hour would not

exceed 4^ lb. to 5j lb. The speed probably

was not more than 15 miles an hour, corres-

ponding to 360 horse power. The policy of

American railway managers, with respect to

goods traffic, as it was also the policy of the

managers of most of the French lines, was
maximum loads at slow speeds, involving a

minimum resistance per ton, and correspond-

ingly a minimum working expenditure per

ton.

No experiments upon the dynamical effi-

ciency of American engines had been made,
so far as the author was aware ; but he had
run an experimental train on the Erie rail-

way, over the whole length of the line and
back, a total distance of nearly 900 miles.

The same engine was employed throughout

the run, occupying in all nearly three weeks,

making an average for each week day of

about fifty miles. The results of these ex-

periments appeared to show, that the resist-

ance of bogie rolling stock, even under dis-

advantages, was less than that of English

rolling stock, as ascertained by the best au-

thorities, and also that the rate of adhesion
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to weight averaged considerably more in the

States than in England. With respect to

adhesion, as the surfaces in contact were

identical with those on English railways

—

indeed the rails and tyres in general use in

the States were commonly of English manu-

facture—any difference in this respect must

be attributed partly to the influences of cli-

mate and partly to a better application of

sand, when necessary to increase the bite

upon the rails. The sand was dropped

equally upon both rails, not in intermittent

handfuls down a pipe on one side of the en-

gine only, but by means of the hand gear

and regulating valve since adopted on the

North London Railway. The experiments

in question were, no doubt, influenced by

the favorable circumstances of weather, and

something wis to be allowed also for the

great length of train drawn, very long trains

having a less tractive resistance per ton on a

level than short ones, and something, pos-

sibly more than was commonly supposed,

might have been due to the use of oil-tight

axle-boxes, the saponaceous compound known
as " railway grease " being nowhere in use

on railways in the States. Messrs. Gueb-

hard and Dieudonne's experiments, made in

1867, on the Eastern Railway of France,

showed a considerable diminution in the re-

sistance of oil-boxed rolling stock, as com-

pared with that fitted with grease boxes.

Of the mechanical details of American lo-

comotives, considered apart from the details

already touched upon, much might be said.

There were differences, and they were nu-

merous, but they involved no important prin-

ciples. The chilled cast-iron wheel, how-

ever, for engine and tender bogies, and espe-

cially for carriages and wagons, deserve

mention. No wrought iron wheels, so far as

the author could learn, were now employed
in the States, unless in a few cases for engine

driving wheels ; and wrought iron wheels, at

first exclusively adopted, had been wholly

abandoned on the Grand Trunk and the

Great Western railways of Canada. The
cast iron wheels were not only much cheaper,

but they were more durable, and, if not

safer, were at least equally safe. The
wheels employed for passenger carriages

were 2 ft. 9 in. in diameter, and weighed 5

cwt. The bogie wheels of engines, tenders,

and goods wagons were generally 2 ft. 6 in.

in diameter, and varied in weight from 4
cwt. to 4^ cwt. They were cast of special

mixtures of the best qualities of iron, the

requisite conditions being great absolute

strength to resist both sudden and progress-

ive strains, and the property of taking a deep
and uniform chill. Rut little of the cast

iron employed for wheels had a tensile

strength of less than fifteen tons per square

inch, and it broke with a fracture, almost

suggestive of fiber, and of a dark gray color,

but when chilled of a silvery whiteness. The
chilled wheels ran from two to six and even
seven years, according to the traffic, before

becoming so much worn as to require re-

moval, l'epresenting a service of from 80,000
miles to 200,000 miles. Engine driving

wheels of from 4 ft. to 5 ft. in diameter,

had been cast with chilled faces, thus re-

quiring no tyres, and chilled tyres, from 4
ft. to 6 ft. diameter and 3-^ in. thick, had
been extensively and successfully employed
at fair rates of speed, say 28 miles an hour.

Wood was almost exclusively employed as

fuel, except upon two or three important

lines in the coal districts, until within the

last ten or twelve years. Iron fire boxes

and copper tubes were then generally adopt-

ed ; but for burning coal, steel fire boxes

and iron tubes were now used. Of upwards
of four hundred steel fire boxes in the en-

gines of the Pennsylvania Central railway,

some .had been in use for six years or more.

The tubes were set without ferules, and very

little trouble, as the author was informed,

was experienced either from leaking or

cracking. It was worthy of observation,

that the evil of "furrowing," by no means
uncommon in this country, was unknown in

the States, and no other explanation appear-

ed available, than that the thinner iron em-
ployed there permitted of a certain elasticity

in the structure of the boiler, sufficient to

prevent the localization or accumulation of

bending or other strains at particular points,

or rather upon particular lines of resistance.

What were now understood as steep, or

exceptionally steep, gradients were rare in

the States. Some instances of such were

cited, and it was mentioned that, in July,

1836, one of Norris' engines, weighing 6

tons 8\ cwt., and drawing behind it, includ-

ing tender, a load of 8 tons 11 1 cwt., ascend-

ed an incline near Philadelphia of 1 in 14,

and 933 yards long, at an average speed of

15 1 miles an hour. The nominal weight on

the driving wheels was 3J, tons, but it was
believed that a portion of the weight of the

tender was made to bear upon the foot plate,

thus increasing the adhesion.

With regard to the expense of mainten-

ance, it was stated that the average cost of
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engine repairs in the States, exclusive of

those renewals which amounted to building

a new engine, might be taken as a maximum
at 10 cents currency per train mile, equal to

SJd. in coin. Of this, the absolute differ-

ence in the cost of labor and materials would

account for nearly or quite Id., leaving 2|d.

to 3d. as the cost at English prices. Again,

the manner in which these repairs were con-

ducted showed a want of system and organi-

zation, and the shops were not fitted with

some of the appliances considered essential

in this country. Whatever economy in re-

pairs might attach to the American engines

was due, after allowing for the moderate
working speed, to three causes only, viz : the

use of the bogie, of chilled cast iron bogie

wheels (which could be renewed at a cost of

from £2 to £2 10s. each, after allowing for

the value of the wheel taken out as old iron),

and of steel or iron fire boxes and iron tubes.

About twelve or fifteen years ago, the aver-

age mileage of American engines, taking the

full stock of the leading lines, was not above
15,000 miles yearly—now it was probably
not far short of 20,000 miles, and on some
lines it might be even more.

There remained the consideration of the

carriage and wagon stock, with reference to

its mechanical peculiarities and its commer-
cial relation to traffic. The earlier Ameri-
can carriages were made upon the English
model, but it was found not only that a short

wheel base was required for six chain and
nine chain curves, but also that side buffers

aggravated the difficulty. The bogie, alrea-

dy in use on the engines, was, therefore,

adopted for the carriages, and it was soon

discovered that the length of body could be

considerably increased, and that the longer

it was the steadier it became. But the long

bodies precluded the use of side buffers, and
so the central buffer with a loose coupling

took their place. End doors afforded an ob-

vious means of economy in the structure of

the carriage, and left the whole depth of the

body below the window sills available for

any combination of trussing, most effective

for carrying out a comparatively long span.

The end doors, with a continuous passage

throughout the carriage, afforded obvious fa-

cilities for communication. The central pas-

sage required an additional width of carriage,

and from 9 ft. to 9 ft. 6 in. was a common
outside width ; while in some cases, even on
the narrow gauge, a width of more than 10
feet had been adopted. These widths allow-

ed seats for four passengers across, and for

the longitudinal passage dividing the seats.

The seats had reversible backs, so that the

passenger might face either way, the car-

riages running in either direction without

turning. It was undeniable that the seating

was not so roomy and comfortable as in an
English first-class carriage, and that, as

compared with a second-class carriage, there

was a certain loss of space. It was equally

undeniable that such carriages could never
answer for short traffic lines, where forty,

fifty, or more passengers had to leave, and
as many more to enter, in a minute or a

minute and a half. The long body, how-
ever, with end doors and platforms, possess-

ed obvious mechanical advantages. Its

length gave steadiness, and the depth below
the window sills afforded ample opportunity

for providing vertical stiffness without undue
increase of weight. There were no cross-

partitions; there were but two doors where
English carriages would require, for the:

same number of seats, according to class,

from twelve to twenty-six ; there was much,
less sash and glazing, while there was at the^

same time more light; there was an import-

ant saving in respect of draw-springs, buff-

ers, buffer-rods and screw couplings, and.

there was every facility for applying brakes,

as was always done in the States, to every
wheel in the train, either from the platforms

of the carriages themselves or from the en-

gine. It was an advantage of the long body,
with its corresponding weight and number of
wheels, that the application of the brakes,

however suddenly, did not produce the jolt-

ing of which passengers complained so much
when the same thing was attempted upon.

English carriages. Passenger carriages upon,

the double bogie plan were made of various

lengths, from 45 ft. to 60 ft. exclusive of the

additional 2 ft. 6 in. at each end for plat-

form and covering porch. They accom-
modated from sixty to eighty-four pas-

sengers, and weighed, empty, 12 tons and
upwards, or from 16 tons to 22 tons load-

ed. Some notice was next given of Pull-

man's hotel car, and of the carriage built by
the Messrs. Winans for the Emperor of Rus-
sia. The improvements which* had been ef-

fected in the engine and other bogies were
then alluded to, and a description was given

of the oil-tight axle-box, as well as of Lough-
ridge's and of Creamer's continuous brakes.

In comparing the cost of maintenance of

American carriage and wagon stock with that

on English lines, many considerations were
to be regarded. To say that the cost, in
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1867, on the 1,612 miles of railway in the

State of Massachusetts, for a train mileage

of nearly ten million miles, was 6.55 cents

currency, or about 2|d. coin, per train mile,

did not permit of any accurate deductions.

In the States, the average number of passen-

gers continuously carried over the whole

distance made by a train was generally one-

half greater than in England, although the

proportion of dead weight to live load was

probably nearly as high as in this country

;

the speed was less, and there remained the

fact that labor and nearly all materials were

much dearer. On the other hand, there was

a considerable saving in the use of chilled

cast iron wheels, such a thing as a wheel-

turning lathe, for carriage or wagon stock,

being unknown in the States ; the mainten-

ance of buffer and draw springs cost much
less ; the maintenance of the carriage bodies

was cheaper, from their greater strength and

simplicity of structure, and from the fact

that there were no side doors to slam.

One objection to the use of chilled cast

iron wheels, not referred to in the earlier

portion of the paper, was that, being almost

necessarily of the disk form, their weight in-

creased in a ratio nearly as ths square of the

diameter, and thus the largest railway car-

riage wheels yet employed in the States were

but 3 ft., and this size was long ago discontinu-

*ed in preference for 2 ft. 9 in. In the case of

cast iron spoked wheels, the chill was less

ihard opposite the ends of the spokes than else-

-.where, and thus they soon showed flat spots.

It might be said, in conclusion, that if

American railway practice were in any or

jnany respects more daring than that which

prevailed in this country, failure, if not too

often repeated, was regarded in the cousin

.country as a misfortune, where here, unless

it proceeded from causes absolutely beyond
prevision, it was rightly regarded as a fault,

.a misdemeanor, or even a crime.

The Railway Ferry on the Lake or
\

Zurich.—The "NeueZiircher Zeitung" !

gives some farther particulars of the work, !

which was generally described in "Van Nos- I

brand's Magazine," No. Ill, page 208.—
;

When the idea of a steam ferry was adopt-
]

ed, Mr. John Scott Russell, civil engi-

neer and naval architect, was charged with i

making the necessary designs for it. Mr.
,

Russell built, twenty years ago, the first

steamer put upon the Lake of Zurich for the

steamboat company at Schaff'hausen, and !

this steamer is considered up to the present
|

day as one of the best crossing that water.

The contract for the execution of the ferry

boat was entrusted to Messrs. Escher, Wyss
& Co., of Zurich, after a competition with
several of the first class firms of England,
France, Germany and Switzerland. The
work was begun in January, 1868, at the

works of the abovenamed firm at Stampfen-
bach,and the ferryboat was launched in the

following October. For its propulsion a

steam engine of 200-horse power (uom.) is

employed. The fixed works required at the

two ports, including two steel bridges (also de-

signed by Mr. J. Scott Russell), in order to

establish a direct communication between
the shore stations and the ferry boat, had
already been executed in Friedrichshafen

under the direction of Mr. Brockmann, en-

gineer of the Wurtemburg Railway, and in

Romanshorn, under the direction of Mr,
Seitz, engineer of the North Eastern Rail-

way of Switzerland. These steel bridges are

fixed at one end, which is on the same level

as the rails in the stations, whilst the other

end can freely move up and down in order

to correspond with the level of the rails upon
the boat, as conditioned by the different

heights of the water of the lake, which va-

ries at different seasons. These bridges and
the ferry boats are provided with two lines

of rails in order to carry at the same time

two trains across the lake. The ferry boat

itself is constructed strong and stable enough
to resist even the most violent storm ; its

bottom is flat, and its upper works are part-

ly covered in by a roof, which forms also a

deck, from which the captain directs the

course, and which may be also used by the

passengers of the railway trains as a plea-

sant lounge during the passage. The time

of crossing the lake is about one hour, and
there exists no reason why other lakes in

Switzerland, many of which are 50 to 60
kilometers long, should not be crossed in the

same manner. The working expenses of

such a system are not higher than those of a

first-class railway, and the velocity may be
increased from 20 to 25 kilometers per hour.

The lakes would thus no longer constitute a

severance between two districts or countries,

but would become highways for increasing the

traffic and for facilitating the communication.
We are glad to find, says the authority

quoted, that Mr. John Scott Russell's abil-

ities, which his countrymen, at least those

of the world of science, cannot forget, thus

appear to continue to find useful and conge-

nial application.
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Fifteen-Ton Steam Hammer for the
Russian Government.—The engrav-

ing represents a so-called " 50-ton "

double-action steam hammer, which has been
constructed by the Kirkstall Forge Com-
pany, Leeds, to the order of the Russian
Government. The hammer frame, as will

be seen, is, with the exception of the cylin-

der, constructed entirely of wrought iron

plates. The valve gear is so arranged that

the hammer can be driven at either side.

Steam is admitted to the cylinder by an
equilibrium slide valve, a conical valve being
fitted into the upper passage, admitting
either the exhaust steam from the under
side of the piston, or the full pressure from
the boiler to the top side when required, so

that the hammer may either fall by its own
gravity with the pressure of exhaust from the

underside of piston added, or the blow is in-

creased by the admission of full steam from
the boilers. The piston and rod are forged
in one piece, which, together with the ham-
mer, weigh 15 tons. The cylinder is 46^ in.

diameter and 8 ft. stroke.

—

Mechanic's Mag.

Iarge Hydraulic
j Testing Machine.—

Messrs. William Sellers &
Co. constructed, some seven

years since, a testing ma-
chine for the Pennsylvania

Railroad Co., after the de-

signs of J. H. Linville,

Esq., President of the Key-
stone Bridge Co. The fol-

lowing are the principal di-

mensions : Piston, about

18T
3
6

diameter; 260 sq. in.

area ; stroke, 2 ft. ; thick-

ness of ram about 9 in.

The machine is mounted
on a foundation of masonry
75 ft. in length. In front

of the ram, and 29 ft. from

^^> the cross head, which is

r mounted on wheels and pro-
^ pelled by the piston, is an-

other fixed cross head,

coupled to the ram by 12

bars of iron 7 in.X 1 in- At
this end of the machine, by
use of differential blocking

pieces, any sized specimen,

up to 3 ft. diameter and 28

ft. in length, can be sub-

jected to a pressure of 675

gross tons.

— To the cross head in

frcnt of the piston is coupled a similar cross

head, mounted on wheels in rear of the ram.

Compression beams, 4 ft. in length, are se-

cured to the masonry, with a movable cross

head secured in notches in the compression

beams. This end of the apparatus is used
for testing large bars, to determine their

tensile strength, and is now coupled to the

forward cross head by bars proportioned to

withstand a tensile stress of 130 gross tons.

The pumps are double acting, with large

and small piston for light and high pressure.

The machine is supplied with two of Shaw
& Justice's mercury gauges, and two spring-

gauges, also a weighing lever. For the last

two years this machine has been in use at

the Keystone Bridge Works and Union
Iron Mills, Pittsburg, where the iron for

all the Keystone Company's bridges is test-

ed. The machine described in this Maga-
zine (No. 4, page 346) is not, therefore, the

largest in the country, and is similar to,

but smaller than the machine, above de-

scribed, which has been in constant use for

seven years.
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HISTORY OF DECARBURIZING IRON.

No. III.

The titles only of letters patent of the

United States, prior to 1848, are published.

No other information regarding these patents

is accessible, except at the cost of manu-
script copies from the Patent Office. After

1847, the claims of United States patents

are also published. From 1855, engravings

(such as they are), illustrating specifications,

are published, and later still, abstracts of

patents appear in the Patent Office reports.

There were only thirteen United States

patents referring to the decarburization of

pig iron, issued by the United States prior

to 1847. Of these, four were prior to the

date reached in our former article (1836),

and are mentioned below.

Such matter as is accessible, regarding

the United States patents after these

dates, will be compiled in chronological or-

der, for the present series of articles.

STEEL PROM PIG IRON.

Leonard, Enoch, Canton, Mass.—1812.

January 16.

MALLEABLE IRON FROM PIG.

Lewis, Thos. C, Pittsburg, Pa.—1830.
October 1.

PUDDLING AND HEATING IRON.

Jones, Wm., Haverstraw, N. Y.—1833.

December 16.

PRESSING OUT PUDDLE-BALLS INSTEAD OF
HAMMERING THEM.

Jones, Wm., Haverstraw, N. Y.—1834.

April 18.

purifying crude iron in the finery
and in the puddling furnace, by
means of definite proportions of
chloride of manganese, bichloride
of calcium and charcoal.

Duclos, Edward Francis Joseph.—
1837. October 20. No. 7,448.

Manufacturing iron. The invention consists in

combining with "cast iron and its scoria, while
they are in a state of fusion," metallic chlorides (as

of manganese and calcium), whose bases combine
with the iron and slag, while the chlorine combines
with the volatile impurities, such as sulphur, given
off by the iron. Both of these combinations are
said to produce a beneficial effect upon the iron,

and produce an alloy equal to malleable charcoal
iron. The specification and drawings describe a
refinery furnace having a crucible. About 80 cwt.

of cast iron are introduced into the furnace when it

is at a white heat, and immediately afterwards 336
lbs. of dry chloride of manganese, and 64 lbs. of bi-

chloride of calcium or " bleaching powder/' are put
into the crucible. Over the mixture is put a layer

of wood charcoal two or three inches thick, and
over that a layer of scoria, of like thickness, mixed
with sufficient quicklime to combine with the free

silica contained in the scoria. The whole is then
melted, and the surface of the metal is again covered
with wood charcoal. '' The usual tools for working
the metal are then introduced," and during the

working portions weighing ten pounds each of the

chloride of manganese and bichloride of calcium,

are thrown in at intervals. The surface is to be

ke2>t covered with charcoal, and in half an hour the

refined metal may be run out. It is then puddled,
and during that process the chlorides must be added
at intervals, in proportions of about one per cent of

the weight of the metal. The bridge of the pud-
dling furnace is made double, and the space between
is filled up with charcoal. When the slag has been
run out, and the metal brought to nature, in order

to free it from all silicious impurities, it is submit-

ted to the action of a charcoal fire.

[Printed, Ski. See ''London Journal" (Newton's), vol. 12
(conjoined series), p. 310.

J

ORE AND LIME SUBSTITUTED FOR HAM-
MER SLAG IN PUDDLING REFRACTORY
STONE USED FOR PUDDLING FURNACE
BOTTOMS.

G-ossage, William.—1838. June 18
No. 7,693.

Manufacturing iron. A cheap material is used
as a substitute for " hammer slag" in puddling pig

or crude iron. Argillaceous ironstones calcined and
powdered small are introduced into the puddling
furnace with the pig iron, either alone or mixed
with powdered lime, quicklime, or carbonate of

lime. The proportions required vary according to

the qualities of the ores; about 450 lb. of pig iron,

30 lb. of calcined iron ore, and five pounds of slaked

lime, are beneficial proportions. If the cinder does

not separate easily, more lime should be used, and
if the metal does not sufficiently "boil up," more
powdered ironstone should be added. Also, instead

of cast iron for the bottoms or soles of puddling
furnaces, grit stones or other fire-resisting stones

slightly hollowed to receive the charge, are prefer-

red and claimed.

[Printed. 4d. See ''London Journal" (Newton's), vol. 15
(conjoined series), p. 415; vol. 17, p. 32J ; also Patent
No. b,9US.J

FURNACE—REFINING IRON.

Sharp, James, Liverpool, Pa.—1838.

June 23. (U. S.)

Note.—No specification published.

use of tap cinder in puddling.

Bradley, Richard; Barrows, Wil-
liam; Hall, Joseph.—1838. August 21.

No. 7,778.

Making iron. The invention consists in the use
of "tap cinder" obtained from puddling crude
iron, instead of the cinder obtained from puddling
refined iron, as a protection for the bottoms and sides
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of puddling furnaces. Tap cinder is a cheaper sub-

stitute. It is prepared by breaking it in pieces

about six inches in diameter, and roasting it gradu-
ally for about eight days in a kiln like a brick-kiln,

which is fully described in the specification and
drawings.

[Printed, 9d See " Repertory of Arts," vol. 11 (new se-

ries), p.149; and " London Journal " (Newton's), vol. 21

(conjoined series), p. 343.]

PRODUCING PURE CARBURET OF IRON
DECARBURIZING BY MALLEABLE

IRON OR METALLIC OXIDES, SUCH AS
CHROME OR IRON ORE USING OXIDE
OF MANGANESE IN PUDDLING—USING
CARBURET OF MANGANESE IN MAKING
CAST STEEL.

Marshall.— 1839.Heath, Josiah
April 5. No. 8,021.

" Improvements in the manufacture of iron and
steel." The specification describes and claims the

invention under four heads.

1st. The extraction from " pure native oxides and
carbonates of iron" of pure cast iron, without the

intervention of flux or the production of cinder.

2d. Formation of cast steel by fusing the said

pure cast iron with malleable iron or metallic ox-
ides, in such proportions as to decarburate the iron

to a certain degree, and by completing the decarbu-
ration in a suitable cementing furnace.

3d. The use of a certain portion of oxide of man-
ganese in the process of converting cast iron into

malleable iron by puddling.

4th. The employment of carburet of manganese
in preparing an improved cast steel.

Under the first head the operation of producing
pure cast iron is described. A blast furnace is

rilled with coke, charcoal or other equivalent fuel,

and thoroughly ignited. The furnace is then first

charged with twenty pounds of the pure ore to 100
pounds of fuel. Other charges are added at inter-

vals, and the proportions of the ore are gradually

increased at every charge, until they amount to 65

or 70 pounds of ore to 100 pounds of fuel. The ore

is to be broken small to the size of peas, and will pro-

duce about 50 pounds of pure pig iron for every 100
pounds of fuel. The metal should be run into iron

moulds. The metal produced is pure carburet of

iron. This is converted into steel of any requisite

hardness, by melting it in a cupola, with coke free

from sulphur, or wood charcoal, using no more fuel

than will just melt the iron, and burn away the car-

bon it contains to a considerable degree. The car-

bon is further " neutralized or removed" by adding
scraps of metallic iron, or oxides of iron or of man-
ganese, " taking care not to decarburate the metal
to such a degree as to render it infusible, but to

leave about as much carbon as exists in cast steel."

To produce a superior cast steel " sesquioxide of
manganese or peroxide, which had been previously

ignited," should be employed. Sometimes oxides
of chrome or iron are used. The steely metal so

produced is run out into cast iron molds, and the
ingots are " converted into steel of any requisite de-
gree of mildness, by a further process of decarbura-
tion," by cementing it with peroxides of iron, or of

manganese without charcoal in a cementing furnace,
the period to which the metal is subjected to the
heat being proportional to the degree of mildness

required. The quality of malleable iron is improved
by introducing from one to five per cent of pure ox-
ide of manganese into the puddling furnace with the
iron without mixing any other substance with it.

4thly. An improved quality of cast steel is formed
" by introducing into the crucible bars of common
blistered steel broken, as usual, into fragments, or
mixtures of cast and malleable iron, or malleable
iron and carbonaceous matter, along with from one
to three per cent of their weight of carburet of
manganese," and melting the charge, and pouring
it into molds in the usual manner.

[Printed, 4d. The duration of the patent was prolonged, by
an application to the Privy Council, tor seven years. See
fur an account of the application lor prolongation, and for
reports of the ten various legal proceedings, Webster's
P. C, vol. 2, p. 213 et seq. See also "Repertory of
Arts," vol. 10 (new series), p. 104 ;

" London Journal "

(Newton's), vol. 15 (conjoined series), p. 221; also vols.

21,26; •'Mechanics' Magazine," vol. 39, p. 368 ; vols 42,
5s; and other publications relating to patents and legal
reports. See Patents Nos. 2.3(33. 3.697, 4,397, 6 S37,
7,44b, 7,762]

Note.—This is one of the most notable patents on
record. The great value of using manganese in

crucible steel making, which enabled British steel-

makers to compete with foreigners and. to use British

irons to a certain extent, was here first pointed out

by Mushet. But the British steelmakers managed,
after many hard legal fights, to use manganese in a
manner not strictly infringing Musket's patent, and
thus to rob him of all share in the profits that really

grew out of his invention. This department of the

patent will be considered in another series of arti~.

cles. The compiler of the abstracts of the British

specifications says: " This patent has been the sub-
ject of ten legal judgments, and been contested in

every superior court in Great Britain. The most
important feature of the invention lay in the discov-

ery, by Mr. Heath, of a method of employing oxide

of manganese in the manufacture of iron and steel

beneficially, and with the certainty of controlling its

powerful pernicious properties by the counteracting

influence of carbon exposed to it in the requisite

proportions."

The features of the invention relating to the de-

carburization of iron, are the use of malleable iron

scrup and the ores of iron, chromium and manga-
nese. Employing malleable scrup for this purpose
was specified by John Wood, in 1761 (see Van Nos-
trand's Magazine, No. '&,p. 191). The use of ore

in puddling was more fully specified by Mushet, in

1835 (see Van Nostrand,'s Magazine , No. 1, p. 361).

The present patent refers to the use of these sub-

stances in a cupola, for the production of a sort of
decarburized pig iron to be further decarburized
into steel.

The employment of chrome isfirst specified in this

patent. Its function here is obviously that of a
flux.

THE USE OF STEAM IN THE FINERY OR
PUDDLING FURNACE.

Guest, Sir John Josiah, and Evans,
Thomas.—1840. May 28. No. 8,518.

"Improvements in manufacturing iron," 8cc.

The invention consists in introducing steam into the

refinery or puddling furnace, " forced upon, or into,

or in contact with the metal. Any suitable means
may be employed. The specification and drawings

describe furnaces having telescopic injection tubes.
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[Printed, 9d. See "Repertory of Arts," vol. 10 (new se-

ries), p. '231; "London Journal" (Newton's), vol. "21

(conjoined series), p. 447; "Mechanics' Magazine," vol.

33, p. 3sl ; "Inventors' Advocate," vol. 3, p. "23; and
" Engineers and Architects' Journal," vol 3, p. 390 ]

Note.— This' is the first mention of the use of
steam in connection with the purification of iron.

PUDDLING FURNACE — PUDDLING WITH
ANTHRACITE COAL.

Cooper, Thos., New York.—1840. Aug.
25. Reissued.—1841. March 18. (U. S.)

Note.—No specification published.

THE PINERY AND PUDDLING FURNACE
CONNECTED, SO AS TO RUN LIQUID
METAL FROM THE FORMER INTO THE
LATTER.

Booker, Thomas.— 1841. Feb. 22.

No. 8,855.

"Improvements in the manufacture of iron."

These consist in making a connection between the

finery and the puddling furnaces, which may be of

any suitable construction so that " the heated metal

from the refinery furnace" may be run or passed

into the puddling furnace, without being first per-

mitted to cool.

[Primed, 9d. See " Repertory of Arts." vol. 17 (new se-

ries), p. '27
; "London Journal " (Newton's), vol. '21 (con-

joined series), p. 107; "Mechanics' Magazine," vol. 3.5,

p. 208 ; "Inventors' Advocate," vol. 5, p. 134 ;
"Trans-

actions of Society of Arts," vol. 54, p. '25; and "Engi-
neers and Architects' Journal," vol. 7, p 76.]

THE FINERY AND BOILING PROCESSES AT
ONE OPERATION.

Powell, Lancelot, and Ellis, Rob-
ert.—1841. April 24. No. 8,935.

" Improvements in manufacturing iron." The
construction and operations of the refining, puddling
and boiling furnaces are described as known before

the date of the patent. The improved process con-

sists in bringing iron, while in a molten state, from
the blast furnace direct to the boiling furnace, and
there subjecting it to the action of streams of blast

or atmospheric air directed upon the metal while

the boiling process is going forward. With a charge
of four and a half hundredweight of iron (from
Welsh ores) a stream of air introduced through " a

pipe of one inch diameter, with a pressure of one
and a half to two pounds on the square inch, leads

to a beneficial result."

[Printed, 4d. See "London Journal " (Newton's), vol. 21
(conjoined series), p. 33 ; ''Mechanics' Magazine," vol.

35, p. 366; and '• Inventors' Advocate," vol. 5, p. 277;
Patent No. 1,370.]

PIG IRON SOAKED IN WATER—MELTED
IRON RUN INTO WATER, TO WHITEN AND
PURIFY IT.

Gregory, James, and Green, Wil-
liam.—1841. May 14. No. 8,959.

" Improvements in the manufacture of iron and
steel." These consist in submitting the crude pig
iron to the action of water. The iron, in the form
of pigs, or broken small, is immersed in water, and
allowed to remain exposed to its action "until
there is no longer any change produced upon it ; a
period of from two to three weeks is generally suf-

ficient for this purpose. The appearance of an oily

looking scum on the surface of the water indicates

that the water has produced its full effect upon the
iron." Running water may be used, but standing

water is preferred, as its scum indicates when the
operation is completed. This process " causes the
iron to become softer and tougher." If the iron is

required to be of " close texture of that kind called

brittle iron," it is to be heated to a bright red heat,

and submitted to the action of cold water by sprin-

kling or immersion. If the iron be of impure qual-
ity it is fused in a "finery." Iron so treated is

superior for casting and for conversion into wrought
iron. The improved process for refining, which
may be used alone, or in conjunction with that just

described, is as follows: The iron is melted "in a

reverberatory or other suitable furnace," and then
poured, "while in its melted state, through a ves-

sel, the bottom of which is perforated with holes

about one-quarter inch in diameter, lined with clay.

The fused metal is received in a vessel of cold wa-
ter," of any size; by preference it should be so

deep " that the drops of metal may be well cooled."

Iron is considerably refined by this operation; it

"possesses a close texture, and is of a white color,"

and is "much better adapted for conversion into

steel than the iron manufactured in the ordinary

method."
[Printed, 3d. See ''London Journal " (Newton's), vol. 21
(conjoined series), p. 34 ; "Mechanics' Magazine," vol.

35, p. 413; and "Inventors' Advocate," vol.5, p. 324
See Patents, Nos. 759, 4,151.]

BRIDGE CONSTRUCTION.

The principles and practice in modern
iron bridge construction are thus mentioned
in " Engineering " : Little that is new in

principle has been achieved during the last

year. Wrought iron arches, where arches

are employed at all, are certainly coming
into increasing favor. The widest wrought
iron arch yet constructed is that of the Pont
d'Arcole, in Paris, 262 ft. in clear span. A
somewhat later example was that of the

bridge over the Thiess, at Szegedin, in

Hungary, and Mr. Fowler was the first to

adopt wrought iron arches in England, viz.,

in his fine railway bridge, of four 175 ft.

spans, across the Thames, at Pimlico. Mr.
Fowler has attempted, experimentally, with

great success, to construct a large concrete

arch, with a view to the application of the

system in his practice. On the Continent

concrete voussoirs are sometimes employed,

and the attainment of a monolithic arched

bridge, of considerable span, is not beyond
the resisting powers of the material.

Engineers should examine fully into Mr.
Sedley's proposed system of double canti-

levers with an arched or trussed span placed

between them. It secures a very consider-

able economy of material in long spans.

Mr. Sedley not long since tendered for the

construction of the great Moerdyk bridge,
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which he proposed to complete in eleven

spans of 400 ft. each, on an estimate of be-

tween £600,000 and £700,000.
It is desirable also to inquire if more than

one tension member is necessary in trussed

bridges carrying their load on the level of

the upper booms. We last week illustrated

a Norwegian bridge of triangular section,

only one tension member being provided for

the two booms in compression. So, too, the

great (455 ft.) spans of the Saltash bridge

have each but one compression member, and
we may note that in his design for the Ken-
tucky railway suspension bridge, of 1,224ft j

clear span, Mr. Roebling proposed to em-
ploy a single stiffening girder of timber be-

neath the roadway.
When rolled rings, requiring no riveting,

are once produced upon a commercial scale,

it is probable that engineers will introduce

new forms of compression members in all

trussed structures, the circular strut being

far stiffer for a given weight of iron than

the cruciform section obtained by riveting

up "J" or angle iron.

There is a greater tendency towards pin

jointing in trussed girders, as distinguished

from the clumsy mode of riveting the parts

together. Warren's girders have always
been made with turned pin joints, as are

the joints of all chain suspension bridges,

and Mr. Hawkshaw has employed turned
pins instead of rivets to a very considerable

extent, as in his Charing Cross and London-
derry bridges. In America, Fink's, Boll-

man's, and the Murphy-Whippleiron bridges

are all made with turned pins.

But, after all, there is less to be said of

the structure than of the appearance of our
bridges. When shall we have engineering

science wedded to true architecture, as in

the ease of Mr. Page's fine bridges, and in

those, worthy a superior age, constructed by
Mr. Joseph Mitchell upon the line of the

Highland Railway ? The latter, taking
their abutments and piers along with their

girders, are the finest railway bridges ever
constructed, except with arches. Too many,
far too many, of our engineers take a pride

in ugliness, and perpetrate it wilfully. The
time will come' when offended taste will cry

out and demand the demolition of their ugly
works, and we shall not be surprised if the

time is soon. Bridge work should no longer
be all calculation and contract, but be re-

deemed by the graces which refined minds
are always so ready to lavish upon structures

of far less publicity and importance.

THE "ROUND OAK" COAL AND IRON

WORKS.
Mr. Samuel Griffiths, in the " Birmingham Daily

Gazette."

The Earl of Dudley's iron works at Round
Oak are situated on the high road between

Dudley and Brierly Hill, and are, without

doubt, the most complete in South Stafford-

shire, regularly turning out a quality of iron

unrivalled by, if not superior to, the produc-

tion of any works in the Black Country.

We arrive at this great establishment by the

West Midland division of the Great West-
ern Railway, which runs parallel with one

angle of the works. A canal connects it

with the North-Western Railway, and 12
locomotive engines are employed to serve

these works, thereby rendering assistance

also over 40 miles of railway, which traverse

his lordship's colleries. The works, toge-

ther with the offices, etc., cover 30 acres of

land, and they are capable of turning out

from 500 to 550 tons of best finished iron

per week. There are nine steam engines in

the mills and forges, all working vertically

or horizontally, and a very large steam ham-
mer, with the last improvements, which is

capable alike of dropping a 20-ton blow or

crackina; a nut without bursting the kernel.

Here they have four large forge hammers or

helves, and this is the only method adopted

to form the puddled balls into blooms or

slabs, as they may be required. Old
fashioned shingling is the practice here

;

neither squeezers nor patent shingling of

any kind is resorted to.

There are five rolling mills—one 16 in.

plate mill, a 12 in. ditto, an 8 in. and 7 in.

bar mill, with a good hoop mill ; and the

space allotted to the hoop mill and the fenc-

ing wire mill—indeed, all the mills in these

works—is admirable for its extent and con-

venience. The speeds are higher than any-

thing in South Staffordshire, and the ma-
chinery, by its quiet and steady motion,

forcibly reminds one of the regularity of

olook-work. We have no hesitation in say-

ing that the construction and perfection of

the gear which drives all the mills and
forges supersedes anything we have seen in

this or any other country. The wheels,

when in full work, make very little noise

;

the driving wheels are large, and as the en-

gines run fast, the nut on the fly shaft of ne-

cessity is very rapid, but the sound resem-

bles the gentle murmur of the orabwood

gearing of a flour mill rather than the un-

remitting contact of metal with metal ia
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their constant revolutions. We hear no

banging sounds like a sledge hammer on the

cog of a wheel, which are generally heard

in the iron works of the Slack Country.

We were much struck with the truth of all

the driving wheels ; indeed, the general

lines of the work reminded us of a parallel,

always square and rightly placed. We could

not help observing the scientific distribution

of metal in the numerous wheels and shafts.

Even those unwieldy blocks of metal called

cam-rings were shaped with a view to a

scientific distribution of the iron, and the

engineer, while exercising economy in this

respect, had not forgotten the ornate. There
are 53 puddling furnaces, nine ball furnaces

and two heating furnaces. The fettling used

is ground bull-dog only. Neither pottery-

mine nor hematite ore is permitted in the

works.

The bull-dog is calcined exclusively from

the taps of the puddling furnaces on the

spot. The puddling furnaces are fixed at

equi-distance from the hammers, and as the

interior area is completely laid with square

plates, the roofing being sustained by a very

high wall plating on columns all round, the

works present a clean and comfortable aspect,

and must be comparatively cool in summer
time, which is a great desideratum. A rail-

way serves the coal and removes the ashes

from the back, while a second railway de-

posits the pig-iron and ground bull-dog on

the standings at the front of the furnaces.

The kilns for calcining bull-dog are fixed at

equi-distance between both works, and a rail-

way takes the taps from the works to the

kilns, returning loaded with the ground fet-

tling for the puddling furnaces, which struck

the writer as a very perfect and economic

arrangement for this otherwise dirty and

expensive process. The last erections here

are the new forges, situated a few hundred

yards from the old mills, containing 28 pud-

dling furnaces, fixed round the works in the

shape of a horse-shoe, being ministered to by
two large forge hammers, which are driven

by two vertical engines 55-horse power each,

each engine driving a hammer, forge rolls,

&c, per se, so that the motive power of the

one is disconnected with, and independent

of, the other ; the engines, driving wheels,

roils, &c, being fixed parallel with- the heels

of the horse-shoe figure of the forges, a space

Is left between the driving wheels, and the

engines being fixed underground, but every-

thing as firm as a solid rock. The puddling

urnaoes are served with coal, metal, &e., by

rail, back and front, as described above, and
the puddled bars, billets, etc., are removed
by rail, with locomotives, into the mills,

which are at some little distance, for con-

sumption.

It must be observed that the whole of the

pig-iron or plate-iron consumed is made from
the Earl of Dudley's mines, raised on the

estate, and smelted at his own blast furnaces.

Nothing is used but his lordship's ten-yard

coal, which is doubtless the best in the world
for the manufacture of iron. No foreign

pigs of any kind are permitted in the works,

hence the famous quality of the iron pro-

duced. These great works are justly famed
for the manufacture of large rounds and
squares. Rounds are rolled here as high as

six and a half inches diameter down to seven-

wire gauge ; and the higher sizes of rounds
are in general request at the machine shops

of the kingdom for piston rods, owing to the

compactness and superior quality of the iron

rolled here. Boiler plates are made with

facility, of large size, up to 18 cwt. ; angle

bars and T-iron of great length are made,
from 6 in. by 6 in. to | in. by | in. flats of all

thicknesses, from 12 in. down to \ in. wide;
an unequal size of angle iron, from 8 in. by
2.^ in. down to 2 in. by 1 in.; likewise channel

iron, from 2>\ in. to | in.
;
glan iron, ovals,

round-edg^d flats, core bar iron, bevel iron ;

Z-iron, or, in other words, double-angle iron;

square-edged and feather-edged iron, boat-

guard iron, shutter iron, great bar iron, with

various other specialities too numerous to

mention. Here likewise the famous U-iron

is produced, which up to this time has not

been rolled at any other works in England.

Kails of a very superior quality are likewise

manufactured here, for the rolling of which

the works offer great facilities. A layer of

steel is welded on the top of the rail, the

web or foot being made of his lordship's best

fibrous iron, which is said to give greater

strength and durability to the rail than the

steel rail made in other districts.

The Earl of Dudley's iron stands quite at

the top of the Staffordshire makes, and pos-

sesses all those peculiar qualities which
have rendered Staffordshire iron so famous

throughout the world in a more eminent de-

gree than any other maker. This mainly

arises from two causes—first, the splendid

ten-yard coal, so abundant in his lordship's

estates; and, secondly, the superiority of the

earl's argillaceous iron-stones found west of

Dudley. The iron produced here is con-

sumed by shovel and spade makers (in plat-
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ing bars), for horse-shoes, rivet-iron, cotton

rollers, gun barrels, bayonet iron, saddlers'

iron-mongery, for wire-drawing purposes,

locomotive engines, and agricultural machin-
ists' purposes. Its tension while hot in

punching is marvellous. It is likewise used

for all bright work, easily polishing without

specks, and for other specialities, which ren-

ders its adoption desirable where it can be

obtained.

The Earl of Dudley's finished iron is

largely consumed at the great engine shops

on the banks of the Neva, in Russia, and is

sent to Canton, Foo-chow-foo, and Pekin, in

China ; to Hokudadi and Yokohoma, in Ja-
pan ; Cabul and Candabar, in Affghanistan;

and even the almost unexplored regions of

Thibet are supplied, via Cashmere, with

some particular kinds of iron from these

famous works ; and pig-iron with his lord-

ship's brand was found in Theodore's cannon
foundry in Abyssinia, which must have been
carried for some hundreds of miles on the

backs of the attenuated mules of that coun-
try. The superiority of this marvellous iron

is owing, no doubt, to three or four circum-
stances. In the first place, all other makers
buy different[mixtures of pig-iron. The Earl
of Dudley makes at his blast furnace estab-

lishment the best iron that can be made out

of the materials raised in his own estates,

and consumes these pigs, and no others, at

the Round Oak Works.
The Round Oak Works were founded by

the late Mr. Richard Smith, who for thirty

years was faithfully and successfully engaged
in developing his lordship's coal and mineral
empire. The tact, talent, and business abil-

ities of the late, lamented Mr. Smith were
well known and appreciated in the iron trade.

Mr. Frederick Smith, the present, manager,
is a gentleman and 'a scholar, a Fellow of

St. John's, Oxford, but obtained immense
practical knowledge under the guidance of

his late father ; and as he inherits the busi-

ness qualities of his father, the efficiency of

the management continues unabated. Pro-
bably a greater willingness is evinced to

adopt all modern improvements and adapt
these great manufacturing operations to the

requirements of the day, keeping abreast in

all departments with the rapid progress of
the iron age in which we live.

Vaval Engineering.—At the late meet-
ly ing of the Institution of Naval Archi-
tects, many important papers were read, ab-

stracts of which will appear in these pages.

HYDROGEN AS AN ILLUMINATING GAS.

From the " Mechanics' Magazine."

In every process, chemical or mechanical,

a certain amount of loss or waste of either

material or power must take place. The
results obtained by a chemical process never

coincide exactly with the theoretical formula,

nor, mechanically, can the work done ever

equal the power applied. An ignorance, or,

what is worse, a culpable neglect of these

fundamental principles, has led scientific fa-

natics to spend their time, money, and ulti-

mately their lives, in a fruitless search after

the impossible. The loss accruing to ordi-

nary gas, from the very commencement of

its manufacture, to the moment that it flows

from the burners, as a source of illumination,

is occasioned by both chemical and mechan-
ical unavoidable imperfections. The latter

is caused by leakage, owing chiefly to defect-

ive joints, unsound pipes and the carelessness

of those who are concerned in its manipula-

tion and distribution. The former is due to

chemical action solely, and could scarcely be

prevented, which is not the case with the

other sources of loss. About fourteen per

cent may be taken as the average loss incur-

red in the manufacture and burning of ordi-

nary gas, or that which represents the actual

discrepancy between the theoretical and prac-

tical results. The composition of ordinary

gas consists mainly of carbureted hydrogen
gases; and as hydrogen itself possesses no
power whatever of illumination or brilliancy,

it is not, at first sight, quite obvious what
advantage results from its presence. Any-
one who has dabbled in elementary chemis-

try is aware that hydrogen gas, when tolera-

bly pure, burns with a pale blue flame,

emitting little or no light, but endowed with

a very high temperature. At the same
time, by causing its high temperature to act

upon other bodies, such as platinum and
lime, it develops a flame of great beauty

and brilliancy. To a similar cause is due

the illuminating properties of ordinary gas*

The action of the high temperature of the

burning hydrogen upon infinitesimal parti-

cles of carbon renders them incandescent,

and imparts to the gas its powers of illumin-

ation. Hydrogen, therefore, destitute of

brilliancy when pure, becomes possessed of

that property when in mechanical combina-

tion with carbon—in other words, when it is

carbureted. If it were possible to bestow

upon hydrogen illuminating properties with-

out carbureting it, as in the ordinary maau»
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facture, the whole process would be rendered

much simpler and more economical.

It has been asserted that it would be found

a great advantage to employ a much larger

proportion of hydrogen in the ordinary gas

than what at present prevails ; in fact, to

constitute it rather a hydrogen gas than that

of which it is now composed. A very large

proportion of hydrogen is lost in the manu-
facturing process, which might be easily pre-

served and utilized, resulting in the produc-

tion of a gas of a superior quality. The
same may be stated with respect to other

volatile and illuminating ingredients, includ-

ing the paraffin and benzine, which, for the

most part, are left in the bye products.

Were hydrogen more carefully sought for

and preserved in the manufacture of gas,

the volume would be considerably increased,

in addition to a greater purity being impart-

ed to the product. It is notorious that the

ordinary gas, in many of the smaller towns,

is so impure, and possessed of so small an

il uminating power, that many persons refuse

to have it laid on to their premises. A gas

composed mainly of hydrogen would be free

from most of the noxious and disagreeable

properties unquestionably possessed by our

present great source of public illumination,

but until it can be demonstrated that a bet-

ter gas can be supplied at the same rate, we
shall, as usual in such matters, stick to the

old plan of manufacture.

IMPROVEMENT IN PUDDLING.

FINE ORE STIRRED IN WITH THE CHARGE.

The remarkable results of the Ellerhausen

process—mixing 30 to 33^ per cent of fine

ore with pig iron, previous to its treatment in

the puddling furnace, has led to a number
of experiments in a similar direction. One
of the most important of these experiments

was recently made at the works of Messrs.

Henry Burden & Sons, Troy, and consisted

in melting the pig iron in a puddling fur-

nace fettled with about half the usual quan-

tity of lump ore, scattering over the iron

and stirring into it 30 per cent of fine ore,

lowering the heat slightly to give the iron

and ore time for reaction, and then raising

the heat and balling the charge in the usual

manner, but with a saving of some 30 per

cent in time and an improvement in quality

of product. This treatment was clearly

pointed out, in kind, but not in degree, by

David Mushct, 34 years ago.* The results

given below were furnished by Messrs. Bur-
den for the public benefit, and were ascer-

tained with great cure and accuracy.

Record of Experiment at Nos. 10 and 12 Single
Puddling Furnaces, "Burden Iron Works,"
week ending 20M Feb., 18G9, charging 448 lbs.

of Pig Iron to each heat, and using oO per cent.

Fine Ore.
No. 10 FURNACE.

Material Charged.

* See Van Nostrand's Magazine, No. 4, page 361.

<6

DATE.
to

o 3
5 S

1869.
a

o
to

"5 3 0)

c 5
s

Ch a. o fa fa « K

Feb. 15... Night. 3,584 6,000 3,425 1,072 3.620 8
16... Day. 3,584 6,800 2,000 1 , 072 3,6*8 8

Night. 3,584 1,072 3, 756 8
17... Day. 3, 584 6,400 1,500 1,072 3,643 8

Night. 3, 5S4 1,072 3, 500 8
18... Day. 3,584 7,200 1,000 1,072 3,562 S

Night. :i,584 1,072 3,610 8
19... Day. 3,584 6, 8u0 2,000 1,1 17a 3, ^82 8

Night. 3, 584 1,072 3, 935 8
Sat. 20 .. Day. 1,792 1,600 536 1,852 4

34,04S 34,800 9,925 10,184
1

35, 053 76

No. 12 FURNACE.
Material Charged.

DATE.
<6
In

a
o

1S69.
3 to "rt £ a

o
a

E-| Ch O fa fa a X

Feb. 15... Night 3,584 6,200 3,220. 1,072 3,836 8
16... Day. 3,584 6, 800 2, 500 1,072 3, 820 8

Night. 3, 584 1,072 3,917 8
17... Day. 3, 584 6,800 2,000 1,072 3,610 8

Night. 3,584 1,072 3,698 8
18... Day. 3, 584 6,800 2,000 1,072 3,736 8

Night. 3,584 1,072 3, 762 8
19... Day. 3, 584 7, 200 2, 000 1,072 3, 682 8

Night. 3,584 1, 072 '3, 642 8
Sat. 20... Day. 2, 210 1,600 670 2,300 5

34,496 35,400 11,720 10,318 36, 003 77

Summary of Results.

Old Si/stem Puddling.
Coal consumed per ton of pud-

dled bars 2,698 lbs.

Feltlins; ore consumed per ton
of puddled bars 1,374.

Average turn six heats, 2,607
lbs

No waste.

Nev> System Puddling.
Coal consumed per ton of pud-

dled bars 2,213 lbs.

Fettling ore consumed per ton
of puddled bars 682 lbs.

Fine ore consumed per ton of
puddled burs 646 lbs.

A v. turn eight heats, 3,552 lbs.

Saving by new system in coal per ton of puddled bars over
old system 485 lbs.

Increase in consumption of ore per ton of puddled
bars over old system 46 lbs.

Inciease in product of puddling furnace over old

system 34 per cent.
Gain in yield of both furnaees over old system
during the week 2,512 lbs.

Light Railways.—Mr. Zerah Colburn

is preparing a very comprehensive paper

on this subject, to be read before the Insti-

tution of Civil Engineers.
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IRON AND STEEL NOTES.

STRENGTH OF STEEL VARIOUSLY CaRBURIZED-
—The following tables are from a list of experi-

ments made by Mr. Thomas E. Vickers, of Sheffield :

Softest, or least carbonized steel containing .33 per
cent carbon, marked No. 2. The hardest, or most
highly carbonized, containing 1.25 per cent carbon,
No. 20; the intermediate numbers representing inter-
mediate degrees of carbonization.

TENSILE STRENGTH.

Description
of steel.

No.
2.

4.

5.

6.

7.

8.

10.
12.

15.
20.

S<5

Per ct.

0.33
0.43
0.48
0.53
0.58

63

0.74
0.84
1.00
1.25

~z
"3

Tons.
3.4

34.0
37.5
42.5
41.5
45.0
45.5
55.0
60.0
69.0

Inches.
1.37
1.37
1.25
1.12
0.81
1.00
0.69
1.12
1.00
0.63

871

867
855
855
852
848
847
840
836
823

Tensile strength is increased by the addition of
carbon until the steel contains 1.25 per cent, when it

sustains about 69 tons per square inch; beyond this
degree of carbonization the steel becomes weaker,
until it reaches the form of cast iron.

Transverse Strength of Axles.—Axles turned to
3.94 inches diameter at center, 3.25 at the ends,
placed on bearings three feet apart; ram weighed
1,547 lbs. ; dropped on center of axle from height of
one foot, increasing up to 36 feet fall.

Material of
axle.

Steel No.
Steel No.
Steel No.
Steel No.
Steel No.
Steel No.
Steel No.
Steel No.
Steel No. 15.
Steel No. 20
Best wrought iron.
Scrap iron

Scrap iron

10.

12.

° o*.

'•figs
2-° x

Per ct.

0.33
0.43
0.48
0.53
0.58
0.63
0.74
0.84
1.00

1.25

17

IS

18
15
If,

18

16

10

8

10
13*

5

fit

Ft.

36

36

36

36

36

36
20

124
20

36

5

5

E a .

Inch.
58.81
56.00
53.56
35.06
38.81
46.00
40.31
8.56
4.31
6.94
31.19
2.00

3.69

Construction of Blast Furnaces.—Aninter-
vy esting and instructive experiment bearing upon
the construction of blast furnaces, has recently been
made at the "Consett Iron Works," at Durham, Eng-

* Cracks began to show at 10 lb. blow, with 20 feet height
of fall, and increased with each such subsequent blow.

t Two large cracks opened at five ponnd blow, and con-
sulted as broken.

Vol. I.—No. 5.-32,

land. The Consett Iron Company smelt each year
about 200,000 tons of ore in four blast furnaces. At
present the waste gases are only taken from one fur-

nace, on the bell and hopper system, but one of tho

furnaces is being altered so that the waste gases can
be taken off on a modification of the side flue system,

a little novel in character. The blast is heated just

now to 1,000 degrees by a couple of [± cast-iron pipe

stoves. These are to be removed, and four stoves on
Whitwell's principle substituted, from which the best

results are anticipated. Mr. Radcliffe, the superin-

tendent, believes that the extraordinary results ob-
tained from the high and large furnaces now popular
in the Cleveland District are due not so much to tho
dimensions of the furnace as to the excessively high
temperature of blast with which they are worked, and
is inclined to the opinion that the proper capacity of

furnaces has been overstepped, and cites the following

interesting fact in support of his theory. Some time
since it was decided that a new furnace should be
erected at'Consett, with a height of seventy feet.

—

It was built and worked for some time ; but the yield

per ton of coke and the quality of iron were both
found to be inferior to the yield and quality from tho

other and smaller furnaces. The furnace worked on
Cleveland and hematite ore with a very good and
clean coke quite capable of carrying the burden. It

was then determined to cut the furnace down to a
height of fifty-five feet, and the result was eminently
satisfactory; the yield and quality were greatly im-
proved, and the furnace is now one of the very best

in the district. The blast is supplied by two high-
pressure engines of an old type, with six feet six in-

ches blowing cylinder, nine feet stroke, and a supple-

mentary engine, which also drives a pair of plate

rolls. The waste gases are used to raise steam in a

magnificent set of new boilers, six in number, each
70 feet long, egg-shaped, with a diameter of 3 feet

10 inches. They are sot in a very peculiar way.
Cast-iron columns are erected on the brick-work in

which they are set, and on those are supported five

cast iron girders running across the tier of boilers.

From these girders depend sling stays, which are

secured to double angle iron semi-circular rings

riveted to the upper side of the boilers. A straight

flue, 70 feet long, runs the whole length of the boiler

below, right to the stack-. The stack in connection
with these boilers is 250 feet high, and 24 feet diam-
eter inside at the base.

—

Bulletin Am. I. <§r S. Ass'n-

Phosphorus in Cast-Iron.—While the ques-
tion of phosphorus and its effects on iron is being

discussed, the following method of examination em-
ployed by a French metallurgist, M. V. Tantin, de-

serves notice.

M . Tantin says : "It is well known that very small
quantities of phosphorus produce no sensible altera-

tion in the quality of cast iron, whereas if the pro-

portion exceeds a few thousandth parts the iron is rob-

bed of its most essential qualities. It is very impor-
tant, therefore, to ascertain the exact amount of
phosphorus present. Nearly all the methods in use
for this purpose consist in treating the iron bv means
of oxidizing agents, so as to cause the phosphorus to

pass into the condition of phosphoric acid, which is

precipitated in the state of amagnesian compound.

—

Several causes of error exist in this treatment, for

(1.) a part af the phosphorus escapes the action of the
agents, and disengages itself in the form of an hydro-
genous compound. (2.) It is necessary to act upon
very diluted solutions to prevent the ammoniacal-
magnesian phosphate mixing with the oxide of iron,

in which case it is difficult to collect the small amount
of phosphate deposited in tho sides of the vessel in

which the precipitate is made. (3.) The arsenic
which may be contained in the iron enters into the
magnesian precipitate in the form of arseniate as in-
soluble as the phosphate.
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" In order to avoid these objections, I tried to
[

attain my object by a directly opposite road, that

is to say, in disengaging the phosphorus in the form

of an hydrogenous compound, but then arose the

question whether the whole of the phosphorus pass-

ed into the form of a gaseous product. This was,

however, proved by the fact that no trace of phos-

phorus was ever to be found in the residuum after the

iron had been completely acted upon by hydrochloric

acid. This result ought to cause no surprise, consid-

ering the very energetic affinity which phosphorus has

for hydrogen. The phosphureted hydrogen produc-
|

ed by the action of hydrochloric acid on iron is al-

most always accompanied by sulphureted, arseniat-
j

ed, and carbonated hj'drogen. In order to effect the

separation of these gases, they may be made to pass

first through a Wolf's bottle containing a solution of

potash, which absorbs the sulphureted hydrogen

;

then through a solution of nitrate of silver, which
transforms the arseniated hydrogen into arsenite of

silver soluble in the liquid becomes slightly acid,

while phosphureted hydrogen precipitates the ar-

gentine solution and forms insoluble phosphorus.

—

The phosphorus being thus absolutely separated from
the sulphur and the arsenic, its amount is ascertain-

ed with the greatest ease; the phosphure of silver is

treated with nitro-muriatic acid, and thus transform-
ed into chlorure of silver and phosphoric acid, which
is precipitated in the form of ammoniacal-magnesian
phosphate. This precipitate, when calcined, gives

the proportion of the phosphorus to the iron.

"In order to obtain the wiiole of the phosphorus
the following precautions must be observed : Let the

iron be attacked gradually, otherwise a portion of

the phosphureted hydrogen may traverse the solution

of nitrate of silver without being absorbed. And
when the action on the iron is finished, pass through
the apparatus a stream of hydrogen which has previ-

ously been washed in acetate of lead.

"The solution of potash contains all the sulphur
which was present in the iron treated, and in order

to ascertain the quantity of that substance the solu-

tion must be treated with acetate of lead; the pre-
cipitate produced is at first a mixture of oxide and
sulphite of lead, but the oxide is soon redissolvedand
the sulphite still remains. The precipitate must be
collected in a filter, washed with distilled water, and
completely dried before being weighed."

—

The Engi-
neer.

The Siemens-Martin Process.—The "Min-
ing Journal " says that Mr. Bernard Samuelson,

M. P., has erected extensive works at Newport and
South Stockton, for the manufacture, on a very large
scale, of rails, angles, plates and sheets, by this pro-
cess. Richardson and Johnson's process of purifica-

tion, will be used in the preliminary processes, and
Siemens' furnaces for heating, <fcc, are to be em-
ployed throughout.

EXTENT OF THE BESSEMER MANUFACTURE ON
the Continent.—There are now in use in Eu-

rope, Italy and Russia excepted, 128 Bessemer conver-
ters, these having a total capacity of 555 tons. Krupp
is the largest owner of Bessemer converters, there
being thirteen at the Essen works, some of them hav-
ing a capacity of seven tons. In France 20,000 tons

of Bessemer steel were made in 1867, and 35,000 tons
in 1868.

Water Boshes for Cupalas.—In the "Me-
chanic's Magazine" of February 12. 1869, this

construction, as patented by Mr. John Thomas, of
Newcastle-on-Tyne, is fully illustrated and de-
scribed. The object is to prevent the excessive wear
of bricks. The water boshes are covered on the
inside with spikes, like a founder's loam plate, by
which the refractory lining is held in place.

\f
ew Method of Piling large Armor Plates.

11 —An experiment in rolling large armor plates was
recently made at the works of Sir John Brown & Co.
The plate manufactured and finished is 12 ft. 8 in.

long, 8 ft. 6 in. wide, and 5 in. thick. The difficulty

experienced in producing large plates has hitherto

been in heating sufficient wide piles in the furnace, and
in thoroughly driving out the slag and cinder, which
would become incorporated in the plate. By the
process of Mr. Ellis, the managing director of the
company, the piles are built up comparatively nar-
row, and are passed through the rolls until the length
of the mass becomes equal to the finished breadth of

the plate. The pile is then turned and rolled out in

the direction of its breadth, uniil the required length

and thickness is attained. The pile from which the

plate was constructed was built up of five slabs, each
7 ft. by 6 ft., and 3} in. thick, weighing 14 tons, and
was heated for sixteen hours previous to rolling,

which operation occupied three-quarters of an hour
from the time when the pile was withdrawn from the

furnace. The successful.issue of this experiment pro-

mises a great advance in the manufacture of large

armor plates; and the difficulty of dealing with
piles being avoided, plates 8 ft. wide, and not only

12 ft., but 20 ft. or 30 ft. long, can be produced by
the method of Mr. Ellis.

—

Engineering.

Continental Competition with England.—
' ' Belgium and France often obtain considerable

orders from the Russian and Austrian railways. The
plan adopted in Belgium is to form a committee of

ironmasters, who appoint one of their number to ten-

der for any large contracts that may be offered. He
proceeds to the spot, and works for the interest of all

th6 makers of rails in Belgium; the ironmasters de-

cide upon the terms which he may offer, and the

orders are divided among them pro rata of their means
of production. Payment being very often made by
bills or guarantees, which individual firms could not

accept withoutdanger, afinancial association supports

the operations of the committee ; by these means the

risk is divided amongst a large number of individu-

als, and when losses are made they are less heavy,

from being divided. Our authority also has the fol-

lowing: The English railmakers formerly supplied

the greater part of the steel rails required for the

American railways; now the French houses seem to

threaten formidable competition. MM. Petin-Gau-
det et Cie. have, it is said, recently supplied 5,100

tons of steel rails to the New York Central Railway
Company, and considerable quantities to other com-
panies.

—

Journal des Travaux Publics.

Blast Furnace Slag for Building and
Paving.—The following method is now adopted

in several iron works in Belgium : The slag is allowed

to run direct from the furnace into pits about eight

or nine feet in diameter at the top, with sides sloping

inwards towards the center, where they are about

three feet deep. The mass is left for eight or nine

days to cool, when a hard, campaet, crystalline stone

is obtained, which is quarried and used for building

purposes, but chiefly for paving-stones. They appear

to wear exceedingly well, being quite equal to the

grits and sandstones already so much used.

Expansion of Iron during Cooling.—It is

stated in the '"'Scientific Review" that Mr.
Gore, of Birmingham, whilst making some experi-

ments on heating a strained iron wire to redness

by means of a current of voltaic electricity, has

observed that on disconnecting the battery, and
allowing the wire to cool, during the process of

cooling the wire suddenly elongated, and then

gradually shortened until it became quite cold.

No explanation of the action has, so far as we
are aware, been advanced.
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ORDNANCE AND NAVAL NOTES.

I^"ru?p's New Eleven-Inch Guns for Russia.
*- —About five years ago, when the Russian artil-

lery made use of muzzle-loading rifled cannon, the
Russian government had ordered of M. Krupp a cast-
steel gun on that system, rifled 11-ineh bore, English
measure. Since then, numerous experiments having
been considered to prove the superiority of breech-
loading guns throwing projectiles larger than the
bore, the Russian artillery has decided on adopting
these guns exclusively. At the time of this decision
the 11 -inch was in a forward state of manufacture as
a muzzle-loader, and when its conversion was con-
templated, there was reason to fear that the walls of
the gun would be too thin for the slot for the breech-
piece

; but further experiments on the resistance of
breeches of different thicknesses having demonstrated
the possibility, the alteration to a breech-loader on
Krupp's principle was made^. This gun has been
subjected to a prolonged trial of 400 rounds, the
number fixed by the Russian authorities. The de-
tails of the gun are:—Total length of bore, 160.2
English inches; length of rifling, 113 in.; number
of grooves, 36; weight of gun, 25 tons, 11 cwt. 3q.
3 lb. The weight of the projectile is 496 lb. ; the
weight of the charge, 824 lb. of Russian prismatic
powder. The initial velocity communicated by this
charge to this projectile was 1,308 ft. The gun stood
the 400 rounds with this charge, and remained in a
serviceable condition. The above quantities, as well
as those which follow, are all in English measure, the
equivalents having been reduced from the Prussian
denominations.
The breech-piece was Krupp's single round wedge.

Two were furnished for the experiments, one having
a Rodman knife apparatus for measuring the pres-
sure of the gas in the chamber, and which was only
used for that purpose ; the other an ordinary breech-
piece intended for the endurance trial. This breech-
piece, in this experimental practice, worked through-
out with the greatest ease, and all escape of gas was
perfectly prevented by one Broadwell ring, which
sufficed for the whole number of rounds . The explo-
sion of the charge took place in the direction of the
axis of the bore, ignition having been effected by a
vent through the breech-piece. The gun was sponged
out after every 30 rounds, but care being always
tak°n to lubricate the lead coatings of the projec-
tiles there was not the slightest appearance of lead-
ing in the grooves. The gun was sponged with soapy
water, which effectively removed the slightest foul-
ing. The guttering formed at the seat of the pro-
jectile during the firing by the passage of the gas did
not exceed three millimetres in depth at the finish of
the trial, and all did not seemingly attain this depth.
These channels are larger than those observed after
725 rounds in the Krupp breech-loading 9-inch gun,
and this circumstance is attributed to the fact that
the 11 -inch gun had an ordinary chamber concentric
with the bore; whereas all the guns of the new con-
struction—such as the 9-inch gun referred to—have
eccentric chambers. The ll-inch gun, having been
a muzzle-loader, has not the necessary length of
bore for a breech-loader, and the new breech-load-
ing guns of this calibre about to be supplied from
Krupp's works will have the bore longer by 2\ cali-
bres, so that the initial velocity communicated to the
496-pounder shot by a charge of 82^ lb. of prismatic
powder will be increased to about 1,360 ft. per sec-
ond. The gun was discharged, as we have said, by a
vent through the wedge; but there was another vent
on the top of the gun, which was closed by a steel
screw, and was not used. The objects of the experi-
ments were to ascertain the charge required to give
a shot 550 lb. Russian (496 lb. English) an initial
velocity of at least 1,300 ft.; to demonstrate by a
trial of endurance that, with the charge thus arrived

i

at, a Krupp 11-inch breech-loader will standa great-
er number of rounds than is required to render it fit

for active military service.
With respect to the powder, experiments in Rus-

sia and at Essen had shown that the prismatic pow-
der introduced into Russia some years since was very
well adapted for attaining a high initial velocity
without an excessive strain on the gun, and the Rus-
sian government, therefore, sent to Krupp's factory
a quantity of this power, manufactured in 1865 at

Ochta, for these trials. The factory had also a stock
of prismatic powder made by Ritter, of Ha mm, in

Rhenish Prussia, according to the Russian formula.
The cartridge bags were of single cotton stuff, the
cartridge forming a regular hexagon, with tiers of 37
prisms; the greatest diameter of the hexagon being
9.65 in., the smallest 8.80 in.; the length of the
cartridge without the choke, 27 in. The shot were
of solid cast iron, with lead coating. The gun was
mounted on a proving carriage with cast-iron sides,

which afforded no convenience for loading; the recoil

was on an inclined plane, so that the gun, after each
round, ran back to nearly its original position. It

stood in a roofed place, and the firing was into an
earth butt at a distance of about 6'^ ft., also roofed
over. The initial velocity was taken with Captain
Le Boulange's chronograph; the first wire target
stood at 18 ft. from the muzzle ; the second was 32.9

feet from the first. The target wires were fastened

separately to iron frames; their thickness three-

eighths of an inch in the front, and a quarter of an
inch on the second target; the insulated communi-
cating wires were perfectly protected from the gas
when the gun was fired. The average pressure of

the gas of 3,209 atmospheres is stated to be far from
straining the gun up to its limit of elasticity. Rit-

ter's powder, according to the details of the experi-

ments, appears to try the gun less than the Russian
powder. The piece was served by eight men, two of

whom had to fetch the cartridges from a magazine
150 metres away. For the sake of the durability of

the earth butt the shot were dug out after every 60

or 70 rounds. Between every two days consecutive
firing gutta-percha impressions were taken and the

chamber measured. The gutterings have not, even
after 400 rounds, assumed a character in any way
serious to the durability of the gun. The regular
breeeh-piece did duty in the gun during 307 rounds,

with a charge of 91 Russian lbs. (82^ lbs. English).
Putting together, for comparison, the results of the

trials with Krupp's 9-in. 12-ton gun, with hoops,

tried in Russia, his 11-inch gun (26 tons), with
hoops (trial at Essen), and our English 12-inch muz-
zle-loader (trials in England), we have the vis viva
of the shot in metre tons as follows:

>.
1- . * %,
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in. lb. lb. ft.

Krupp's b 1. 15 tons. 9 46 275 1,340 10605 15

Krupp's b.I 26 tons. 11 82| 475 1,3.53 19750 23

Engiish m.l. 21 tons. 12 79 600 1,180 17967 19

According to the above formula, Krupp's 26 -ton

11-inch breech-loader is a more powerful gun than
our 12-inch 24-ton muzzle-loader. The new guns,
now making under the Russian contract, will be of

rather larger measurements than the converted gun
used in the experiments above described. Their de-
tails will be: Weight, including breeeh-piece, 25
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tons 11 cwt. 3 qr. 3 lb. ; no preponderance at the
breech; length over all, 18 ft. 4 in.; rifling—36
grooves, 0.135 in. deep, 0.76 to 0.64 in. wide; width
of lands, at chamber, 0.17 in. ; of grooves, 0.79 in.

;

at muzzle, 0.17 in. and 0.32 in.; diametor of bore
over the lands, 11 in., over the grooves, 11.40 in.;

weight of steel shell loaded, 406 lb. ; charge for gun,
82 lb. ; initial velocity of rjrojectile, 1,360 ft.

—

Lon-
don Standard.

Steam Launches.—One of the most important
parts of the equipment of a ship of war is un-

doubtedly her boats and their capabilities. In this

respect the ships of the English navy, a few years
since, were far behind those of France or Russia; but
at the present time they are much more efficiently

provided than the ships of any other nation. For
some time after steam-power was applied for the
propulsion of boats attached to ships of the French
and Russian navies, our own authorities stood by
oars and sails, and when they did follow on the new
track it was only done at first in a compromising and
bungling kind of way. In their application of steam-
power to boat? our friends aimed at rendering the
boat a kind of miniature despatch tender to the ship,

possessing as much speed as could be given by the en-
gine and boiler carrying power of her tonnage, with-
out the usual heavy gun at the bow or stern, and
with no great capacity for stowage beyond fuel, but
with good towing powers, so that she could take a
string of heavily-armed boats into or out of any po-
sition that might be desired on a coast at a moderate
speed. Our first efforts in the same direction was to

place twin-screw engines and boilers in the heavy
built steam-launches already attached to our ships,
retaining them at the same time in all their original
form as gun-carrying boats, with armed crews and
stores of shot, shell, masts, sails, oars, water, and
provisions, &o. ; the clumsy bluff-bowed monsters be-
ing, when thus loaded, scarcely able to hold their
way against a moderate wind or tide in a river way,
and useless altogether for towing purposes.
The fitting out of two surveying-sloops for service

in the Chinese and Japanese seas led to the introduc-
tion of quite a different class of steamboat into our
navy, a type of boat which more nearly approached
that adopted in the French and Russian navies in its

general principles as simply a despatch and towing-
boat, but excelling them greatly in having superior
speeds combined with the life-boat principle in the
boat's construction, the latter arrangement render-
ing them unsinkable when filled with water to the
gunwale's edge when carrying engine and boiler and
a double crew on board. Quite recently also it has
been proved that the engines of these boats can be
driven noiselessly, a most important desideratum
when they may be engaged on reconnoitring or cut-
ting out expeditions ; and orders issued from the Ad-
miralty direct that all such boats in future supplied
to her Majesty's ships are to be fitted with the en-
gines working on the noiseless principle. The build-
er to the Admiralty of these steam life-boat launches
and pinnaces, Mr. John Samuel White, of East
Cowes, Isle of Wight, has sent in to Portsmouth
Dockyard during the past week four pinnaces, .\oS.

8, 9, 10 and 13, under his contract with the Admi-
ralty, which have since been put through their trials

by the officials of the yard, and very satisfactory and
successful results obtained. After passing through
the water-pressure test, they were finally tried over
the measured mile. Nos. 8, 9 and 10 are boats of
about 37 ft. between perpendiculars, and are driven
by single screw engines of six-horse power nominal.
No. 8 was tried at a draught of water of 3 ft. 1^ in.

aft, and 2 ft. 4,1 in. forward. Her four-bladed com-
mon screw had a diameter of 2 ft. 9^ in., a pitch of

4 ft., a length of 6^ in., and an immersion of the
upper edge of 1 in. The mean revolutions of the en-

gines were 249.33, and the boat's mean speed 7.986
knots per hour. No. 9 was tried at the same draught
of water as No. 8. Her four-bladed common screw
had a diameter of 2 ft., a pitch of 4 ft., a length of

6jJ in., and an immersion of the upper edge of 2.j in.

The mean revolutions of the engines were 244.63,
and the boat's mean speed was 7.988 knots per hour.
No. 13 was tried at a draught of water of 3 ft. aft
and 2 ft. 5^ in. forward. Hor four-bladed c mm on
screw had a diameter of 2 ft. 5^ in., a pitch of 3 ft.

4 in., a length of 4J in., and an immersion of the
upper edge of 3^ in. The mean revolutions of the
engines were 282.66, and the boat's mean speed
7.288 knots per hour. No. 10 was tried at a draught
of water of 3 ft. aft and 2 ft. 8 in. forward. Her
four-bladed common screw had a diameter of 2 ft. 9£
in., a pitch of 4 ft. 2 in., a length of 6| in., and an
immersion of the upper edge of 1| in. The mean
revolutions of the engines was 249.5, and the boat's
mean speed 8.040 knots per hour. It was boisterous
weather when all the boats were tried over the meas-
ured mile. All four of the boats were very band-
some and buoyant in their appearance when under
full steam pressure in running over the measured
mile.

—

Army and Navy Gazette.

The Vavasseur Gun.—A steel 7-in. muzzle-
loading gun, designed and built by Mr. J. Vavas-

seur, of the London Ordnance Works, Southwark,
was recently submitted to a private trial, and, so far
as could be judged by the eight rounds fired from it,

with highly satisfactory results. The gun is made
entirely of Firth's steel, the material from which the
A tubes of the Woolwich heavy guns are formed.
The inner tube of the Vavasseur gun is similar to

that of a service gun of the same caliber, and is cov-
ered for its whole length by an outer tube shrunk
over the inner. This ring is in two lengths, the first

reaching as far as the chamber, the second protect-
ing the A tube from the chamber to the muzzle.
Over the second tier is shrunk a series of steel hoops,
which extend towards the muzzle of the gun. The
trunnions are of wrought-iron, forged upon a wrought-
iron band, which is shrunk over the gun, and the breech
is closed by a steel cascable screwed into the end of the
second or B tube, which forms the rear of the piece.
The entire length is 123 in. ; the length of bore is 111
in.; the external diameter at the muzzle is 12 in.

;

the diameter at the breech is 24.4 in. ; the total

weight, 5 tons 1 cwt. ; the trunnions are so placed as
to give a preponderance of 5^ cwt. The rifling has
an uniform twist of 1 in 35 calibers, and consists of
three ribs, with a flat table one inch wide, and raised
from the bore about two-tenths of an inch.

Tbis gun is mounted on a steel carriage weighing
22 cwt., the slides being 12 ft long, and 32 cwt. in
weight, making a total of 54 cwt. The recoil is ab-
sorbed by a coned disc working within an iron drum,
the rotation of which is regulated by an adjustable
brake strap, tightened by a screw provided with an
index divided into tenths. The disc, which is of iron

faced with wood, is placed at the forward end of the
slides, and is mounted upon a square-threaded screw
shaft, with a pitch of 30 in., and which traverses the
whole length midway between the slides. One end
of the screw shaft carries the disc, which is 14 in. in

diameter and 2 in. wide, and which fits within the
drum before mentioned. The under side of the car-
riage carries beneath it a nut working on the screw
shaft. The recoil of the gun incident upon the
firing, throws the nut upon the bearing side of the
thread, and tightens the disc against the circum-
scribing drum, absorbing the force of the recoil as

the nut traverses down the revolving shaft, with a
rapidity regulated by the adjustment of the brake
strap.

In running out the gun, the carriage is raised at
the rear end upon the rollers off the slides by a hand -
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spike, ithe same motion, by a connecting link, throw-
ing- the running-out wheels into gear with a pinion

insidegthe carriage, which works into a slotted rack

cut into the side plate of the slide along its whole
length. This gearing is worked by hand in the usual

manner- So soon as the carriage begins to travel the

friction brake is released, so that the disc and drum
offer no resistance. When the carriage is xtended
its full length it is lowered again on to the slides, and
the running-out wheels are thrown out of gear.

The recent trials had for their object the testing of

the carriage rather than the gun. The following ta-

ble gives the results in a condensed form

:

Elevation. Charge. Compressor. Recoil.

dog. min. lb. ft. in.

Round 1 5 3 14 7-10 3 7
" 2 5 3 14 13-20 4
" 3 5 3 22 15-20 2 5
" 4 5 3 22 29-40 2 11
" 5 8 22 7-10 3 8]
" 6 8 22 7-10 3 6
" 7 8 22 7-10 3 4$
" 8 2 30 22 4-5 1

The gun and carriage will be doubtless submitted
to official trial, which will help to decide the com-
parative values of steel and iron as a material for

heavy ordnance. Experience has shown in the tests

of the Woolwich guns that a steel tube reinforced

strongly by a wrought-iron casing remains servicea-
ble, after its bore has become flawed, and its material
considerably weakened, by means of the tensile

strength of the surrounding metal, which is exerted
in the direction of the strain upon the steel tube.

The saving of weight in steel ordnance does not rep-
resent a corresponding saving in cost. A lengthened
experience must decide that a large balance remains
in favor of steel as an exclusive material for guns
before the Woolwich system of manufacture is super-
seded.

—

Engineering.

COMPARATIVE CASUALTIES OF WAR.—The Re-
vista Militar, of Lisbon, contends that the per-

fecting of firearms, far from increasing the mortality

in battles, has, on the contrary, diminished it, and
alleges the following instances : At Austerlitz the

French lost 14 per cent., and the Austrians and
Prussians respectively 14 and 30 per cent, of their

soldiers. At Moscow the French loss was 37, while
the Russian loss was 44 per cent. At Wagram the

casualties were, among the French 13, and amongst
the Austrians 14 per cent. At Bautzen the French
lost 13, the Russians and Prussians 14 per cent. At
Wr

aterloo the losses of the Allies were* 31, and of the
French 36 per cent. Then comes the contrast. At
Magenta the French lost but 7 per cent, of their

troops, and the Austrian percentage did not exceed
8, while at Solferino the losses of the combatants were
10 and 8 per cent. It is hardly fair to compare the

battle of Murfreesborough with those of regular
armies, but according to the report of Gen. Kosen-
cranz, which caused some surprise at the time it was
published, 20,000 discharges of cannon put only 728
men hors de combat, and out of 2,000,000 musket
shots no more than 13,330 took effect. It thus took
27 cannon balls and 150 bullets, or about 252 lb. of

metal to disable each soldier.

Trowel Bayonets.—The 200 patent trowel
bayonets, which have been making at the Spring-

field armory, will soon be placed in the hands of
troops for trial.

T'he British Iron-clad Fleet. Its Cost.
According to a Parliamentary return just issued,

it appears that the number of iron-plated ships afloat

is thirty-four; there are also ten building. Of four
floating batteries, two are not yet completed for sea.

Of the number of armor-clad ships afloat, fourteen
have iron hulls; the following are only partially

armor-clad, viz: The Black Prince, with 28 guns,
tonnage 6,109, horse power 1,250; Warrior, 32 guns,
tonnage 6.109, horse-power 1,250; Defence, 16 guns,
tonnage 3,720, horse-power 600 ; Resistance, 16 guns,
tonnage 3,710, horse-power 600; Achilles, 26 guns,
tonnage 6,121, horse-power 1,250; Hector, 18 guns,

tonnage 4,089, horse-power 800; Valiant, 18 guns,
tonnage 4,063, horse-power 800; Northumberland,
28 guns, tonnage 6,621, horse-power 1,350; Bellero-

phon, 15 guns, tonnage 4,270, horse-power 1,000;
Hercules, 14 guns, tonnage 5,234, horse-power 1,200;
Penelope, 11 guns, tonnage 3,096, horse-power 600

;

Waterwitch, 2 guns; Viper, 2 guns; Monarch, 7 guns.

Five of those afloat with iron hulls are wholly armor-
clad, viz : the Minotaur, with 26 guns, tonnage 6,621,
horse-power 1,350 ; Agincourt, 28 guns, tonnage 6,621,

horse-power 1,350 ; Prince Albert, 4 guns ; Scorpion,

4 guns; Wivern, 4 guns. The Vixen, with 2 guns,
has her hull built of both wood and iron, and is only
partially armor-clad. Eight of the ships afloat have
wooden hulls, but are wholly armor-clad, viz: the
B,oyal Oak, with 24 guns, tonnage 4,056, horse-power
800; Piince Consort, 24 guns, tonnage 4,045, horse-
power 1,000; Caledonia, 24 guns, tonnage 4,125,

horse-power 1,000; Ocean, 24 guns, tonnage 4,407,

horse-power 1,000; Lord Clyde, 24 guns, tonnage
4.067, horse-power 1,000; Lord Warden, 18 guns,
tonnage 4,080, horse-power 1,000; Favorite, 10 guns,
tonnage 2,094, horse-power 400; Royal Sovereign,
5 guns, tonnage 3,765, horse-power 800. Six of those

afloat have wooden hulls, and are only partially armor-
clad, viz : the Royal Alfred, with 18 guns, tonnage
4.068, horse-power 800; Zealous, 20 guns, tonnage
3,716, horse-power 800; Repulse, 12 guns, tonnage
3,749, horse-power 800; Pallas, 8 guns, tonnage
2,372, horse-power 600; Research, 4 guns; Enter-
prise, 4 guns. This formidable fleet of iron-clads

afloat represents in the aggregate 520 guns. Out of

the thirty-four vessels afloat thirteen are built on
Mr. Reed's plan and five ou Captain Coles's turret

plan. The first cost of some of the iron vessels

now complete, including fittings, but exclusive

of incidental and establishment charges, was
as follows: Northumberland, £459,109; Mino-
taur, £452,827; Agincourt, £446,115; Achilles,

£444.590; Warrior, £356,990 ; Black Prince, £357.-

993 ; Bellerophon, £343,076 ; Prince Albert, £20
1
,613.

Tbe cost of some of the wooden vessels was :—Lord
Clyde, £273,824 ; Lord Warden, £316,837; Royal
Alfred, £269,370; Ocean, £253,813; Caledonia,

£264,658 ; Prince Consort, £226,995. Of the ten ships

building, seven have iron hulls and are only partially

armor-clad, viz: the Sultan, with 13 guns, tonnage
5,226, horse-power 1,200; the Captain, 6 guns, ton-

nage 4,272, horse-power 900 ; the Iron Duke, 14

guns, tonnage 3,774, horse-power 800; the Auda-
cious, 14 guns, tonnage 3,774, horse power S00 ; the

Invincible, 14 guns, tonnage 3,774, horse-power 800;

the Vanguard, 14 guns, tonnage 3,774, horse-power

800; the Hotspur, 2 guns , tonnage 2,637, horse-

power 600. The Glatton, with 2 guns, has an iron

hull, and is wholly armor-clad. The Swiftsure and
the Triumph have their hulls of iron sheathed with

wood. They are to carry 14 guns each, with a ton-

nage for each vessel of 3,893 ; horse-power 800 each.

These ten ships represent in the aggregate 107 guns.

Two are to be built on Captain Coles' plan, and eight

on Mr. Reed's plan. The estimated first cost of the
Captain is £335,000, that of the Audacious £222,657,

that of the Invincible £221,757, and that of the Van-
guard £249,759. The names of the four floating
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batteries—three of which have iron hulls and are

wholly armor-clad—are the Erebus, with 17 guns;
the Terror, with 16 guns; and the Thunderbolt, with

lb guns; the Thunder, with 14 guns, has a wooden
hull, but is wholly armor-clad. The first cost of

these batteries is thus stated:— Erebus, £82,039;
Terror, £80,726; Thunderbolt, £80,230; Thunder,
£59,776= The above 48 ships and batteries represent

in the aggregate 689 guns, and horse-power of 35,290.

fVnK Wilson Gun.—A contemporary states
-I that this gun is on the bolt principle, and of the

most simple, direct and rapid arrangement. It re-

quires but two movements to open and close the

breech for firing; or, in other words, four motions
for drill—namely, opening, loading, closing, firing

—

a bar extractor attached to the body of the bolt with-
drawing and ejecting the cartridge-case in the one
act of withdrawing the breech bolt. This bolt is

fixed in position by a locking; or double lugg handle,
situated on its rear end, and having a motion of par-
tial rotation on entering the shoe-cap as the breech
is closed. It is thus self-locking and securing; the

double luggs engaging with the solid sides of the

shoe-cap sustains the bolts firmly against the recoil.

The gun has neither external lock, hammer, nor
other projections, but the bolt itself contains a pis-

ton or striker operated upon by a strong spiral spring,

the spring being liberated by the trigger depressing

a flat guide or retaining spring placed underneath
the shoe. The firing arrangement is very properly

supplemented with a trigger stop of exceedingly sim-
ple and effective construction—namely, a hinged flap

or plate, which, turned against the shank of the trig-

ger, absolutely prevents its movement in any direc-

tion to discharge the gun.

Sea-going Turret Ships. "Engineering"
(March 12, 1869) illustrates a new vessel of this

class, designed by Admiral Paris for the French navy.
It is a ship to carry two heavy guns, but it has only

one turret, and is protected by armor only 5.9 in.

thick on the vertical sides of the ship, 1.57 in. on the

outside bridge, and 1.18 in. on the interior. The
vessel is specially designed to carry sails, and would
have three masts, by which the somewhat scanty

power provided would be helped out. The following

are the principal dimensions of the design:

Length of hull at water line 224.68 ft.

Outside width 50.84 ft.

Proportion of width to length 1 to 4.3

Width of ship inside 29.52 ft.

Proportion between interior and exte-

rior width 1 to 1 .72

Outside diameter of turrets 26.24 ft.

Calculated draught of water fore and
aft 16.40 ft.

Volume of parallel opipedon 187,301 cub. ft.

Surface of the circumscribed rectangle
at water line 11,416 sq. ft.

Surface of the circumscribed rectangle
at midship section 827.80 sq. ft.

Di placement. 110,214 cub. ft.

Weight of displacement 3075 tons.

Immersed midship section 713.8 sq. ft.

Area at water line 8600 sq. ft.

Of the volume of the hull to the
parallelopipedon 0.588

Of the flotation surface, to the c"ir-

g^ cumscribed rectangle 0.754

£ j Of the midship section, to the cir-
P-" ( cumscribed rectangle 0.857
Height from the water level to upper

bridge 10.16 ft.

Height from main deck to sill of tur-
ret ports 2.62 ft.

Height of turrets 19.35 ft.

Thickness of plate of the armored zone, 5.9 in.

Height above water line 1.96 ft.

Depth below water line.. 4.92 ft.

Total 7.88 ft.

Proportion of armor above and below
the water 1 to 2.5

Weight 356 tons.
Number of towers 1

Height of armor on ditto 7.28 ft.

Thickness of plate 981 in.

Weight of armor 78 tons.
Total surface of towers 8uti sq. ft.

Weight of lower belt (3.28 ft. high and
1.18 in. thick) 58 tons.

Weight of upper ring (984 in. thick), 97 tons.
Total weight of towers 155 tons.
Total weight of armor 776 tons.
Nominal horse-power 400
Number of guns 2
Total weight of armor per gun 388 tons.

Summary of Weights.

Armor 776 tons.

Engiues 324 tons.

Guns 80 tons.
Masts, sails, etc 50 tons.

Stores, etc ,.., 40 tons.

Water and tanks 20 tons.

Miscellaneous 8 tons.
Machinery for turning turret 24 tons.

Coal at the estimated draught of water, 279 tons.

1601 tons.

The Monitors.—The following comments are
made by a correspondent, upon the article com-

piled from " Engineering,'' in the first number, page
33 of "Van Nostrand's Magazine :"

The article begins with a numbered statement of

the " advantages of turret ship." Respecting state-

ment No. 1, instead of having " no masts," monitors,
whenever necessary, do have masts. Case, " Monad-
nock." Her sail-power was sufficient to propel her
five knots in a good breeze. There is no difficulty in

applying sails to monitors. An official sail draught
for one of our large monitors shows a spread of some
15,000 square feet of canvas, sufficient to propel the
vessel nine or ten knots in a good breeze. The fact

(in case of a monitor) of " having its guns and much
of its armor further inboard," is by no means the

reason why the monitor " rolls less than the broad-
side ship." The chief reasons are the position of the
metacenter, as compared with the center of gravity

of vessel, and of the displacement. Think of the

immense area of water line section of monitors com-
pared with their length and displacement. As to

facts (observed) in relation to comparative rolling of

our monitor and Briti.-h broadsides in equal weather,
the broadsides roll through an arc three times greater,

hence from this point alone the depth of armor of a
monitor below water—for equality of impregnability

—

need bebut one-third that ofa broadside. Putting masts
on a monitor of the height and weight necessary for re-

spectable sailing-power does not raise the center of

gravity of the mast sufficiently to have a perceptible'

effect on rol ing.

2d. Respecting "Engineering's" estimate of "ad-
vantages of the broadside system," No. 1 says " they
can carry masts !" Per contra, monitors have carried,

and can carry them with safety The statement that
" a ship with a high freeboard will roll through an
angle at which a ship with a low freeboard would
capsize, from the weight of water on one side of

deck," must have been made without proper calcu-

lation, or else on improper models. The pressure

(and it is a heavy one) which would produce a heel

of 18° on the Bellerophon would not produce a heel

on a monitor of similar displacement of 7° ! This
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is no guesswork, but fact—the result of easily-made

calculation.

Next respecting "artificial ventilation." This is,

in fact, the only way, in a sea-going vessel, that

decent ventilation can be had in bad weather, and in

good weather, even with a low freeboard "open .air

exercise" at sea is possible. Think of the atmos-

phere iu the cabin of the best of the English ships

in bad weather when they are compelled to screw

everything up tight! "Artificial ventilation" is

one of the chief features in the "Stevens' battery,"

and a first-class feature it is, too. The atmosphere

on the berth -deck of a frigate like the Roanoke was,

in bad weather, with hoods on the hatches, only

comparable to the Black Hole of Calcutta. Artificial

ventilation, for sea-going purposes, is an American
invention, and John Bull cannot cough it down any
more than he could a 15 in. shot with 100 'bs. charge,

and some 13,000,000 ft. lbs. of vis viva, which
McAdamized his 8 in. solid slab, 18 in. backing and
inner skin. What will he do against a 20 in., with

some 22,000,000 ft. lbs. ? High freeboard and 22

million ft. lbs. in shot scarcely make a good com-
parison.

3d. " The ship with a high freeboard carries its

guns higher out of water." With either a central

fixed tower (guns in casement), or a turret, the guns
may, if necessary, be carried equally high. I have

seen a plan of turret which carries its gun 10 ft. from
the water, and that, too, without adding much weight.

The celebrated Bellerophon only carries her gun 9^ ft.

4th. " Engineering" further says : "Yet consider

for a moment what a ship Ericsson designed to build

—the Dictator— to carry two guns in a single 24 ft.

turret, 9 ft. high and 15 in. thick * * * has a

tonnage of 3,000 and a displacement of 5,000 tons
* * * the boilers have far more grate area and
heating surface than any vessel in the English navy."
Now, the Dictator's displacement is inside of 4,500.

The mistake of 500 tons is more than enough to make
the turret 3^ ft thick, and allow for two 20-inch guns
inside of it. As her side armor is 10^ in. iron, 40 to

42 in. oak, besides inner skin, what broadside

vessel of double her displacements yet built could

whip her ?

Filter Vans and Carts for India.—The
scarcity of good drinking water is well known to

be one of the most serious hardships of our army in

India. It is notorious to every one of Indian expe-

rience that the soldiers are occasionally dependent on

supplies literally poisonous and unfit for use, and the

prevalence of cholera and other diseases has been

distinctly proved to have been attributable to this

cause. The authorities are now examining an im-

portant invention, manufactured by Messrs. E. H.
Bayley & Co., the large wheelwrights of Newington
Causeway, designed with great skill to meet this

great want, and which seems admirably adapted to

the purpose. It consists of a bullock van or cart on
springs, containing a galvanised iron cistern, capa-
ble of holding about 250 gallons of water. The van
is surmounted by a portable pump, by means of which
the cistern may be filled from a pond, stream, or

other source of supply. As the water when first

pumped in maybe very impure, the sediment is made
by a simple arrangement to fall into a separate well

or trap at the bottom of the van, whence it is drawn
off by a cock. The water thus partially purified,

next passes by a pipe into a second well, where it

flows underneath two large filters, through which it

is forced to percolate upwards. The value of this

system of filtration by ascension is obvious, as the
thicker impurities do not rise in the water, and con-
sequently are drawn off by a cock without approach-
ing the filters at all. Should the water be very im-
pure, it can, by an ingenious contrivance, be made to

pass, first through one filter, and then the other, and

thus be doubly purified. After passing through the

filters, the purified water flows into reservoirs,

whence it can be drawn off into drinkh.g cans from a
row of brass taps at the back of the van. As fast as

the water is pumped in at one end of the van, it is

thus drawn off pure and filtered at the other. The
cistern is thoroughly protected by an outer casing
from the rays of the sun and kept cool.

These vans will be useful in our own camps, but
will be a great boon to the army in some parts of In-
dia. We understand the patentees have received
considerable orders from various foreign governments.
While the House of Commons spends millions on
guns and fortifications, it will assuredly notbogrudge
the few thousands that will suffice for supplying
every regiment in India with what will be invalua-
ble for the health and lives of our countrymen.

—

Army and Navy Gazette.

EFFECT OF THE ClIASSEPOT BULLET—ERRONE-
OUS Reports.—Dr. Gason, of Rome, reports as

follows regarding the effect of different bullets at the-

engagement at Mentana, in November, 1867: The
lightness of the Chassepot firelock and its loading at

the breech caused a far greater proportion of wounds
in the upper part of the body than was the case in

those wuunded by balls from the muzzle-loaders.

—

The entrance made by the Chassepot ball was very
small ; the exit not much larger. There was much
less effusion of blood beneath the skin than in wounds
by tho round ball or Minie. The long bones were
more frequently split. The immediate effects of the
Chassepot were more fatal; but the ulterior effects

less severe and fatal in wounds produced by the
Chassepot than in these of the round ball or Minie.
The external hemorrhage was greater in wounds pro-
duced by the Chassepot ball than by any other form
of pr jectile; and in those places where the Italians
fell when struck by it, there were large pools of blood.

Among the cases brought into the hospitals in Rome,
there was not one where the wound produced by the
Chassepot bullet bore any proportion to that men-
tioned in the report from the camp at Lyons—that
"the exit was as large as a person's two fists." It
would appear from the reports from the camp at
Lyons, that in most instances the bodies of dead ani-
mals were used for the experiments.

—

The Lancet.

The French Navy.—The French fleet was
composed on the 31st December, 1868, of 430 ves-

sels, of which 231 were steamers with a total of 76,-

165 horse power. There are, besides, in course of
completion afloat, 7 others of 3,710 horse power, and
on the stocks 31 moro of 12,405 horse power, and one
sailing transport. This total is divided into two dis-

tinct portions, the first including the vessels which
form part of the new fleet, to be constituted in ac-
cordance with the programme in course of execution
since 1857; and the second, composed of the remains
of the old navy, considered unfit to take place in the
new, either directly or- after transformation. The-
new naval force, the only one that constitutes the
real maritime strength of the empire, counts as com-
pleted 314 steamers and 10 sailing vessels. A table

shows: (1) iron-clads to the number of 50 of vaiious
classes; (2) the unarmored fighting ships, 96 screw
steamers; (3) 91 small steamers, despatch boats,

tenders, &c.
; (4) transports, 95 of various sizes ; and:

finally, the two training schools, one for gunners and
the other for naval pupils. Of the old fleet there still

remain 17 steamers and 29 sailing ships.

Armor Plates, made by coiling bars of iron as
for Armstrong gun tubes, welding the coil by

upsetting, cutting the coil in two, and flattening out
the halves into plates, has proved a great failure, as
the experts prophesied. The welds were found very-

defective.
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T| he New Chalmers Target.—The recent
! death of Mr. James Chalmers lent a melancholy
interest to the experiments which were lately car-

ried out at Shoeburyness, with the last target

designed by that gentleman. Although considerable

hopes were entertained of the new target, they were
not realized on the present occasion, the target hav-
ing been pierced in every direction with the projec-

tiles which were directed against it. Our readers

are so well acquainted with the details of the Chal-

mers target, that it is unnecessary here to repeat

them. It will be sufficient to state that the target

lately experimented on was 15 ft. long, by 9 ft. high,

the face being composed of two 4k in. armour plates

of the same length as the target, and 4 ft. 6 in.

deep. The target was 2 ft. 9^ in. thick, including

the angle iron ribs at the back. Mr. Chalmers had
introduced eight modifications of backing, so that

the target was divisible into as many different parts,

each representing a modification of the general prin-

ciple. A "Warrior" target had been made, and
was placed beside it for enabling comparative re-

sults to be ascertained. The firing was from a 9-

inch muzzle-loading rifled gun, with 250 lb- projec-

tiles and 43 lb. powder charges, the range being 200

yards. As the trial, unfortunately, proved only the

failure of the Chalmers target, it is unnecessary to

follow closely the details of firing. Eight rounds in

all were fired, five with solid shot and three with
live shell. Rounds 1, 4, and 5 with solid shot were
directed against the "Warrior" target, through
which ihey failed to pass. Round 1 knocked a piece

out of the edge of the target, and rounds 4 and 5

penetrated the target, but remained in it. Rounds
2 and 3 with solid shot were fired at the Chalmers
target, through which they passed clean out to the

rear. The first live shell struck the "Warrior"
target, making a hole 2'23 inches deep, whilst the

.second and third shells passed through the Chalmers
target, and burst in the rear. It was thus made
apparent that the face plate of the latter target was
much too weak for the work it was designed to do,

iand that in effect Mr. Chalmers had pushed his prin-

ciple of elasticity too far. There is no question of

the soundness of the principle, but the extreme light-

mess of the outer plate neutralized any effect obtain-

able from the backing. It is to be regretted that

such a mistake in the designs of this target should

have been made, and still more that the inventor is

not here to profit by it, and to bring the labor of years

to a successful issue.

—

Mechanics' Magazine.

The Hercules at Sea.—Satisfactory reports
have been received of the performances of the

iron-clad Hercules on her voyage to Lisbon. Although
dragging her large screw propeller, she several times
exceeded a speed of ten knots under canvass, and
performed the operation of "staying" with great

ease. The whole consumption of coal upon the voy-
age was less than fifty tons, or one-twelfth of the

quantity on board. She is also a very steady ship,

rolling and pitching exceedingly little, not only un-
der a press of canvass, but with. a beam-sea running
and little wind. The huge guns (each weighing 18

tons) were worked and fought every day with perfect

success.

English Oak—The Wooden Walls of Eng-
land.—The timber-built unarmed screw frigate

Sutlej, is now having her machinery taken out at
Portmouth, preparatory to being broken up. It was
only in October, 1860, that the Sutlej made her first

speed trial as a new ship over the measured mile,
when she attained a mean rate of 13.076 knots. She
was then considered one of the handsomest and
swiftest ships afloat. She is now a striking illustra-
tion of the short life and costliness of a wooden-built
ship of war.

ANew Needle Gun.—The Berlin correspond-
ent of The London " Daily News," writes on

j

Jan. 9 : About a week ago the " Vossisehe Zeitung "
astonished its readers with a paragraph announcing

I the invention of a new rifle, called the Zundwasser-
gewehr, or ignition water gun. Although the expe-
rience of the last few years ha3 prepared us for all
sorts of wonders in the way of firearms, yet igviition
water seemed an enigma which could only be solved
by the man who knows how to set tho Thames on fire.

The passage was copied in other papers, and will
probably excite no little interest in other parts of the
world, until the prosaic explanation of a misprint has
cleared up the difficulty. The real name of the in-
vention in question is a " Zundmessergewehr," or an
ignition knife gun. It appears that the cartridge is

made of some peculiar kind of paper, and that it ex-
plodes when cut by a knife. This sounds very dan-
gerous, but I must assume that a knowledge of tho
details would show that the ignition is not so simple
as it seems. Lieut. Col. Count Lehndorf, one of the
King's Adjutants, has tried the new rifle at the Ha-
senhaide range, near Berlin, in company of the
inventor, Herr Meyhofer, a Prussian country gentle-
man, and the results were very satisfactory. Herr
Meyhofer succeeded, in two experiments, in hitting
the target 13 times in 36 seconds. Another wonder-
ful inventkn is reported from St. Petersburg. A
Russian officer has constructed a cannon which can
fire 200 shots in a minute. It is extremely easy to
handle, and very effective up to 1,800 yards.

A New Gunpowder.—A new composition of
gunpowder is being tried in the Prench army

and navy. The inventor, a M. Dessignolle, has sub-
stituted for sulphur the picrate or nitro-carbonate of
potassa. The picric acid is a new compound, obtained
from the mixture of phenic and nitric acids. The
picric acid explodes by the heat, and there results
nitrogen, carbonic acid, hydrogen, water, carbon and
carbonate of potassa.

(C 12 H 2 K(A 2G-4)30 2=3Az+5C0 3+IIO+H+6C+
KO C0 2 )

The smoke produced is trifling, and the absence of
sulphur makes it injurious neither to the men nor to
the weapons. Besides that, when the powder is made
only from picrate and nitrate of potash without car-
bon, a very violent powder is obtained, which is ex-
cellent for blasting. It has nearly the same strength
as the nitro-glycerine, and seems to bs less danger-
ous. The absence of smoke will be a notable im-
provement for tunnelling. It is probable that, when
regularly manufactured, this new powder will be
obtained at the same price as the ordinary gunpowder.

jYj ovel Gun Carriage.—A gun carriage and
1 1 slide of a novel and very ingenious construction,
by Messrs. Vavasseur, of the London Ordnance
Works, for a 7-inch steel built-up rifled gun, was
tested recently at Yarmouth, with the highest
success. The compressor, which is the most im-
portant feature, consists of a cone and drum, working
under a brakestrap, this friction gear being attached
to the head of a long screw-shaft, actuated by a nut
under the carriage, moving along it and turning it

round. The great value of the system is that the
compressor is always ready to be acted upon by the
recoil, and is automatically put into gear the moment
the gun carriage begins to move.

Deptford Dockyard, which will he closed
this year, is one of the most ancient dockyards

in the kingdom—an old monastery, bearing date
1 513, still stands in the yard, and is used as a store-
house. It was at Deptford Dockyard that Peter the
Great learned the art of shipbuilding. The present
strength in the yard is under 500 hands. The regu-
lar working strength is 841.
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(

nost of Heavy Guns.—The Ordnance Com-
J mittee have discovered that the army Rodman

] 5-inch gun costs $6,500 each, for 49,000 lb. weight.

The navy guns of the same caliber weighed 42,000

lb. The difference in weight, at 13 cents per pound,

makes §910, which the navy paid more for their guns

than was paid by the army. The navy contract with

the Fort Pitt Foundry provided for the delivery of all

guns on the seaboard at the expense of the maker,
yet the Government paid for all this transportation.

From the spring of 1864, all 15-iuch guns procured

at Pittsburg were taken without any powder proof,

according to an order from the Chief of Ordnance.
Therefore, guns procured since that time have been
mounted in fortifications on expensive iron carriages,

without being fired at all; and lately an order was
issued from the Ordnance Department to subject

them to a proof of charges of 100 lb. of powder, at

the risk of the Government.— Washington telegram
to Philadelphia Inquirer.

Ordnance Affairs atWoolwich Arsenal.—
Arrangements are being made for the construc-

tion of iron gun carriages for the navy at the Chat-
ham Dockyard, though recently certain buildings in

the Royal Carriage Department, Royal Arsenal, had
been altered and fitted up with plant and machinery
to carry on the works at a great cost. The removal
of the naval carriages to Chatham will lead to part
of the Carriage Department being closed. In the
Royal Gun Factory Department, the Armstrong
branch has been shut up for a considerable time with
all its expensive machinery, in consequence of a large

order being given for the conversion of guns from the

smooth bore into rifled guns npon the Palliser princi-

ple, to be effected at the Elswick Factory, instead of

at the Government establishment at Woolwich.

—

Me-
chanics'' Magazine.

Palliser's Projectiles —In a recent report
of the Ordnance Select Committee are the follow-

ing results of the penetrative power of shot and shell,

fired from heavy rifled guns at a range of 70 yards.

A Palliser shell weighing 398 lb., fired from a 10-in.

muzzle-loader of 18 tons, with a charge of 54 lb. of

powder, penetrated through 23 ft. of earthen para-
pet, and passing out in an upward direction con-
tinued its flight for 300 yards beyond. A 9-in. Pal-
liser shot, weighing 248 lb., fired from a 9-in. 12 ton
muzzle-loading gun with a 37 lb. charge, nearly
passed through 23 ft. of earthwork, the point of the
shot showing through the further side of the parapet.

Rrupp's Cannon for Prussia.—A large order
for the 9-inch cannon which performed such ex-

traordinary feats at Tegel has been given Mr. Krupp
by the Prussian Government. The bill is expected to

amount to 4,000,000 thalers, each barrel costing

somewhere about 30,000 thalers. The same gun has
just been adopted by the Belgian Government, to be
placed on the walls of Antwerp. According to offi-

cial intelligence received here, experiments made
with the 9-inch cannon in Belgium resulted in the
Bellerophon target being totally destroyed after eight
rounds, the Warrior target having endured but
seven.

Austrian Iron-Clad.—The largest iron-clad
in the Austrian navy—the largest ship probably

ever launched in the Adriatic—has just been launched
at Trieste. She is called the Lissa. The ship is

built ent rely of Austrian materials, and every de-
tail of her machinery and armament will be Austrian.
Her length is 272 ft.; breadth, 45 feet; displace-
ment, 6,000 tons. Here engines are of 1,000-horse
power, and her armament will be twelve SOO^pounder
Krupp guns.

NEW BOOKS.

A Rudimentary Treatise on the Manufac-
ture of Bricks and Tiles; containing an

Outline of the Principles of Brickmaking. By
Edward Dobson, A. I. C. E.. M. I. B. A. B,evised
and corrected by Charles Tomlinson, F. R. S.
Fourth edition. With additions by Robert Mal-
let, A. M., F. R. S., M. I. C. E., &c. With illus-

trations. London : Virtue & Co. New York : Virtue
& Yorston. 1868.

The name of the author of this treatise is a suffi-

cient guarantee that the contents will answer the
expectations of the reader. If the "claims of long
descent " are supposed to be of any importance to a
building material, then bricks certainly take the
foremost rank, and in all probability their future
career will be as endurable as their past. It is true
that the employment of stone, where works of great
magnitude are concerned, becomes almost impera-
tive, both for constructive reasons, as well as for the
sake of aesthetical effect; but it will never super-
sede the more ancient material in structures of a
smaller and less pretentious character. That there
is an enormous amount of bad brickwork hourly
erected in London and elsewhere, no one who is

acquainted with the manner in which houses are run
up by specula ing builders will for a moment deny.
At the same time, there are not wanting numerous
examples of the same description of work which have
withstood for centuries the attacks of the weather
and the influence of time, and remain to the present
day indisputable witnesses to the solidity and dura-
bility that is, or rather was, possible to obtain by
that method of construction. But in those earlier

times bricks were bricks and mortar was mortar.
Mud and slime were unknown quantities.

As might be reasonably anticipated, it was not
long after the introduction of machineiy before its

potent aid was called in to assist in the manufacture
of bricks, and so far as their crushing strength is

concerned, it appears that the machine-made brick

will stand about one and a half times the weight
that will crush the best hand-made specimens. Iu
the manufacture of bricks, as well as in all artificial

preparations, the success of the operation and the

value of the product are chiefly dependent upon tho

selection of the material ; consequently the selection

and the preparation of the clay of which the bricks

are composed demands not merely care and atten-
tion, but also experience on the part of the manu-
facturer. Next to this, the management of the kiln

is an important detail in the process. From chap-
ter I, which treats of the manufacture of bricks and
tiles in Holland, and which is contributed by Hyde
Clark, C. E., it seems upwards of a million bricks

are sometimes burnt in a Dutch kiln. The Dutch
have long been famous for their clinkers and other
bricks of a hard description. Notwithstanding that

the principle of brickmaking is everywhere identical,

a great diversity exists in the various lesser opera-
tions connected with their production. The nature
and extent of these vary with the district and local-

ity where the manufacture is carried on, and the

several methods practiced in the vicinity of the ni3-

tropolis, in Nottingham, Staffordshire and other

provinces, are fully described and investigated.

In addition to the regular established manufacture
of these materials of construction at well known
places, they are frequently made in large numbers
in what might be termed an impromptu manner.
Wherever any great excavation takes place, such as

that for a large tunnel or dock, which requires to be
"lined," the bricks for "lining" it are generally

made upon the spot, provided that the earth be in

any way suitable for the purpose. All that is wanted
in a brick intended for tunnels, docks and other en-
gineering works is, that it should be hard and sound,
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should ring well when struck, and not be too absorb-

ent. Irregularity in shape and want of uniformity

in color, however detrimental to house bricks, are of

little or mi consequence where strength and stability

are the only features sought for in the building they

compose. Chapter IX is devoted to a description

of the different machines invented for facilitating

briekmaking, and is well deserving the perusal of

all interested in the subject. The illustrations are

especially well executed, and are distributed with no
sparing hand. In the appendix at the close of this

valuable little volume there is a short chapter upon
the science of briekmaking, in which the chemical
nature of the operations, the composition of the

various clays employed, and the effect of the com-
bination of the several ingredients, are examined
into. The publishers, in the production of the fourth

edition of this well known treatise, have fully sus-

tained in every point the acknowledged reputation

of their firm, and also the value of the " Rudiment-
ary Series.-'

—

The Engineer.

A Treatise on Optics, or Light and Sight,
Theoretically- and Practically Treated,

with the application to fine art and industrial
pursuits. By E. Nugent, C. E., Ex-principal of

Commercial, Nautical and Engineering College, New
York. London: Virtue & Co. New York : Virtue &
Yorston.

This Treatise on Optics, by Mr. Nugent, is just
one of those books calculated to demonstrate that
the principles of this science, and, in fact, of any
other, may be taught in a manner that can be
readily comprehended, both by persons of limited

information and of limited abilities. It must not be
gathered from our statements that we recommend,
or at all indorse, an unstudious or dilettante style of

perusing a treatise on a scientific topic. * * *

Starting with the definition of light, Mr. Nugent
briefly refers to the various theories—ancient and
modern—entertained up:n that question, and it will

be sufficient to remark that the wave or undulatory
theory is now the usually received one among scien-

tific men. It is true that the emissive theory still

has its advocates, but it no longer meets with the

universal acceptance it once did. The three chap-
ters iii; mediately following the first are devoted to an
elucidation of dioptrics, or that branch of the science
relating to the refraction of light. By the aid of

several excellent diagrams the subject is fully and
lucidly explained, including the formation of images
by prisms and lenses. The one principal law of cat-
optrics, or that branch embracing the reflection of

light, is that the angle of incidence is equal to the

angle of reflection; and when this is understood, all

the questions relating to the reflection of mirrors
will be easily comprehended.

After perusing the chapter on caustic curves,
which are practically and familiarly explained, we
are introduced to physical optics, including the com-
position of light. This is one of the most interesting
portions of the volume, and the various opinions put
forward, and the experiments bearing upon the
sevenfold or threefold composition of light, candidly
and fairly investigated. Most of our readers are
familiar with the solar spectrum, which, according
to Newton, consisted of seven, and to Sir David
Brewster, of only three primary colors, red, yellow
and blue. The latter philosopher accounts for the
mistake into which he considers his scientific prede-
cessor to have fallen, by attributing it to some imper-
fection in the manner of conducting his experiments.
Be this as it may, the composition of white light
may be regarded as consisting of the three colors
only. A description of the eye, together with the
laws of vision, and color-blindness, absorb chapter
VIII. Under the head of "Optical Instruments"
are explained most of those pleasing delusions,

including the celebrated " Pepper's ghost." The
details of the various descriptions of telescopes—the-

Newtonian, Gregorian, Gallilean and Herschellian

—

are illustrated by suitable diagrams, and a chapter
upon the application of optics to the useful arts

brings to a close this valuable addendum to our
repertoire of books calculated to diffuse information
and instruction among our artisans, and all who
desire to become acquainted with the true principles

of science. We may congratulate the publishers
upon having produced a volume handy in size, neat
in appearance both externally and internally, and
admirably adapted for fulfilling the purpose which
the author mentions in his preface was that which he
had in view.

—

The Engineer.

Scientific Studies ; or, Practical, in Con-
trast with Chimerical, Pursuits : Exempli-

fied in two Popular Lectures. By Henry Dircks,
0. E., LL.D. Post 8vo. E. &F.N. Spon.
The first of these lectures is on the Life of the Mar-

quis of Worcester; the second on Chimeras of Science.
We have here an epitome of Mr. Dircks' larger me-
moir of the Marquis of Worcester, bringing together
for the first time, in a popular form, what has never
hitherto been accomplished ; that is, a truthful notice
of facts in connection with the life of the undoubted
inventor of the steam-engine. Previously it had been
the custom to supply every hiatus with some vague
surmise or other, and, as each writer exercised his

ingenuity as best he could, it became at length diffi-

cult to ascertain where the truth lay. Some declared
he wrote his " Century " while confined in the Tower,
others supposed he wrote it in France; Mr. Dircks
shows that he wrote it after his release from imprison-
ment.
Mr. Dircks seems to be quite at home on the

Chimeras of Science. He refers to various works on
astrology, alchemy, and mathematical and mechan-
ical chimeras, not omitting his own " Perpetuum
Mobile; or, History of the Search for Self-Motive
Power"—a work likely to be highly useful to young
mechanics at their studies, and to older ones who
have neglected them. Mr. Dircks concludes that

—

"Astrology is merely a philosophism, being empiri-
cal, wholly visionary, a mere fanciful system, com-
pounded of incongruous mixtures of astronomical with
human events, of mythology with theology, and of

facts with pure fiction;" and that, while laying claim
to the remotest antiquity, it makes no pretence to

inspiration. Treating on alchemy, the author states

that—"Alchemical writings are very numerous ; they
may be estimated at from 3,000 to 4,000 works, and
an astonishing number of manuscripts." So insinua-
ting was this delusion that Lord Bacon, Luther, Spi-
noza, Leibnitz, and many eminent moderns believed
in finding the philosopher's stone, the gem of the
Hermetic philosophy. Next follow the squaring the
circle, duplication of the cube, trisection of an angle,

and perpetuum mobile, illustrated by means of neatly
engraved diagrams, to accompanying explanations.
Among the squarers preference has been given to

Mr. James Smith, of Liverpool, in plate 3. Arago
declared that all that could be gained in computing
" the area of the space included within a circle of

thirty-eight millions of leagues radius may be de-
termined within such a degree of precision that the

probable error shall not exceed the space of a mite,"
or grain of san.!, as others remark.
These lectures, notwithstanding their popular

character, are replete with information, and cannot
be read by the studious without satisfaction and '

benefit, as their author brings to bear on them a vast
store of curious reading, and the result of years of

practical experience.

—

Mining Journal.

(^ours elementaire de Physique. Par PAbbe
J H. Cabiac. Paris.
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The Lathe and its Uses, or Instruction
in the Art of Turning Wood and Metal.

(Anonymous.) 1 vol. 8vo. Loudon: Triibner &
Co., 1868.

A Treatise on Lathes and Turning. By W.
H. Northcott. 1 vol. 8vo. Illustrated. London:
Longmans, 1868.
There is no need to say much more of the second-

named work than that it is a plainly written, unpre-
tending and practical introduction to the use of the
lathe, and instruction as to what may be done with
it or by it, directly or indirectly. It deals not in

the history or past phases of the turner's art, but
with the actualities of the present day; and is illus-

trated, among other plates, with some views of

lathes, &c, produced from photographs furnished
by some of the very best makers, such as Fairbairn,
Kennedy and Naylor, of Leeds, &c. This would be a
good book to put into the hands of a lad commencing
his apprenticeship in a tool-making or engineering
shop. The first-named volume is still better—more
exhaustive, and, we may say, a more scientifically

written work, and better fitted for the advanced
student of mechanical engineering. The author,
who is probably an American, curiously enough
thinks proper to conceal his name. He admits in

his preface that a considerable proportion of his

work consists in compilation from American journals;

it may not be a bit the worse for this, however.
There are two appendices; one on the angles of

tools, by Mr. Dodsworth Haydon, of Guilford; the
other on a new arrangement of lathe and chuck to

do rose engine work, by Elias Taylor, of Brighton.
These, both by English authors apparently, are well

written, and the latter is useful to the ornamental
turner.
As to fine-spun theoretic dicta for fixing the angles

of tools for various sorts of work, we confess we have
not much respect for them, notwithstanding the names
of Willis and Babbage, Holtzapffel, &c, with which
such refinements have been connected. All of prac-
tical value on the subject of these angles can be
stated in a few sentences, and becomes insensibly

learnt by tact very soon by everybody. A razor, a
wood knife, a wood chisel, a chipper for iron, a turn-

ing tool or drill, need different angles of edge; but
we know so little of the nature of the resistance to

division opposed by solids, or of the arrangements
of their constituent molecules, that theory really

decides little or nothing worth knowing as to the
limits of best angle for various materials and differ-

ent conditions.

The fact is, a turning tool, for example, will cut
nearly any metal in the lathe at many angles of edge
hetween 60° and 90°, and by varying speed and other
conditions of application of the tool, and holding the
latter with mechanical firmness, the same results

may be obtained with larger variations of angle.

For finishing soft brass the doctors fix the angle as

90°, i. e. a square scraping tool ; but for turning hard
steel or chilled cast iron the same, 90°, is not only
the best but the only angle that will stand long.

Where is the principle that gets at these extremes?
The fact is, much as has been written—prattled, we
are almost tempted to say—by theoretic amateurs
on this subject, the very fundamental basis for any
sound theory upon it remains to be discovered.

—

Practical Mechanic''s Journal.

A Practical Treatise on Mine Engineer-
ing. By G. C. Gkeenwell, F. G. S. Second

edition. London: Spon, 1869.
The first edition of this work was published fifteen

years ago, and Messrs. Spon are doing good service
in giving the world a second edition of a very valua-
ble treatise, almost entirely rewritten, and published
in monthly parts. It is always difficult to judge of
the merits of a book from a small instalment of the

whole; but Mr. Greenwell's reputation is one guar-
antee that the work will be good; the character of
the first monthly part, now before us, is another,
and Messrs. Spon's well-earned reputation is a third.

The publishers supply a short prospectus, telling the
world what the contents of the work are to be, viz :

Geology, as applied to mining; classes of rocks com-
monly met with in mining for salt, coal and metallic
ores; building materials; dykes, slips and mineral
veins; internal heat; metallic ores and minerals
associated therewith and with coal; smelting; boring
and sinking tools; timbering; walling; tubbing;
management of quicksands and clay; pumping en-
gines and pumps ; winding engines ; ropes; pulleys;
strength of timber; ropes and other materials ; the
working of mines; copper; lead; tin; iron; salt;

coal; ventilation; theory and practice; fire damp;
carbonic acid and other gases ; explosions and other
casualties, &e. The work will be illustrated with
sixty-four large colored lithographs, four of which
are contained in the first part. We must reserve a
more extended notice of the work till it has made
further progress towards completion. For the present
it must suffice to say that Mr. Greenwell's informa-
tion is accurate, and his style remarkably easy, and
even elegant, while the style in which the work is

got up by the publishers leaves little to be desired.
— The Engineer.

System of Naval Defences. By James B.
Eads, C. E. Beport to the Honorable Gideon

Welles, Secretary of the Navy. New York: D. Van
Nostrand. 1868.

At the close of the American war, Mr. James B.
Eads, an American engineer and shipbuilder, was
commissioned to examine the naval constructions of

Europe, and to report thereon to the Secretary of the
United States Navy. The result of Mr. Eads' in-

vestigatioi-s were embodied in this report. In this

document, after touching generally upon the question
of naval construction, and paying a well merited
compliment to Mr. E. J. Beed, our Chief Constructor,
in respect of the " Bellerophon," the author goes on
to criticise the turret system. But the gist of the
report is the publication of the author's designs for

having from one to five fixed turrets within which the

gun platform revolves. Mr. Eads of course falls foul

of Captain Coles and Captain Ericsson, considering
the deck joint a radical defect. On the whole, the

"report" is not what we expected to find it, con-
sidering its title. It is true the author submits it as
" the result of his observations abroad," but having
been commissioned "to examine the naval construc-
tions of Europe," we should have expected some-
thing more than a little generalizing about European
turret ships—which could be done by the author in

his own office—and a great deal of particularizing

about his own scheme.

—

Mechanic's Magazine.
The " Army and Navy Gazette " gives a long

resume of Mr. Eads' arguments, and compliments
him on his forcible style of statement, but expresses

no opinion on the merits of the case.

British Railways— as they Are and as
they Might be. By John Imray, C. E.

London: E. & F. N. Spon, 48 Charing Cross. 1869.

Various schemes for vastly increasing the number
of passengers by decreasing fares, and thus in the

long run benefitting both the companies and the pub-
lic, have been put forward. They are all too far

advanced for our country and perhaps for our day.

Mr. Imray's is less revolutionary than some that

have been proposed, and the following abstract of it

from the " Building News" will at least be enter-

taining :

The tickets for passengers to be issued by Govern-
ment, like postage or receipt stamps, to be sold at

any stamp or post office, and available on any day
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and on any line. The tickets to be of two diffrent

forms, and four colors—white for first class, red for

second class, blue for third class, and yellow for lug-

e-age and parcels, these last to be adhesive. Square

tickets to indicate a " short " journey, not exceeding

twenty -five miles, and oblong tickets to indicate a
" long " journey, over any distance greater than

twenty-five miles. Every passenger while in a car-

riage to wear his tickets visibly attached by a hook
or catch in his dress, so that the officers may see it.

The prices of these tickets to be as follows

:

\st class. 2d. Zd.

Square tickets for short journeys. . Is. 6d. 3d.

Oblong tickets for long journeys. . . 16s. 8s. 4s.

Luggage tickets for any distance, Is. each.

In cases where a line of railway belongs to two com-
panies, and the first part traveled by a passenger

does not extend twenty-five miles beyond a station

where the passenger enters, the tickets to be col-

lected and kept by the second company. In the case

of long tickets the same system, but the second com-
pany to carry the passenger on to a distance of one
hundred miles from the station where he started.

Every railway company is to keep an account with a

Government office— preferably a branch of the In-

land Revenue Office— where the company is to

obtain payment for its obliterated tickets, less a

certain amount chargeable for duty.

Cassell's Technical Manuals : Ortho-
graphic AND ISOJIETRICAL PROJECTION, DE-

VELOPMENT of Surfaces, and Penetration of
Solids, &c. By Ellis A. Davidson, Lecturer on

Science and Art in the City of London Middlt Class

Schools, and author of " Linear Drawing." Cassell,

Petter & Galpin : London and New York.
A knowledge of orthographic projection is essential

before the student can make working drawings of any
bridge, house, roof or other example of construction,

and this knowledge is only to be acquired by prac-

tically drawing the various diagrams and projections

upon a tolerably large scale. * * *

This little volume commences with a description of

the mathematical instruments ordinarily required by
draughtsmen, and we heartily indorse the advice of

the author, wherein he cautions his readers against

bad and inferior instruments. It is always money
well spent to buy the best tools, and no sensible per-
son would ever think of doing otherwise. From the

projection of single figures, the reader is gradually
introduced to others of a more complicated nature,
including the development of the cylinder and the
helix. The last chapter treats on isometrical pro-

jection, a particular description of perspective de-
lineation invented nearly fifty years ago by Professor
Farish, of Cambridge. This is a very useful and at

the same time a very characteristic style of drawing.
It is admirably adapted for showing at a glance the

tout ensemble of any architectural or engineering
structure, the details of iron work or carpentry, and
the general arrangement of details. At the same
time it is not calculated to supply, strictly speaking,
the place of working drawings. From the manner
in which orthographic and isometric projections are
treated in the volume under notice, we consider it

well calculated to form a valuable little text-book
for the draughtsman and beginner.

—

Building News.

A Descriptive Treatise ox Mathematical
Drawing- Instruments, their Construction,

Uses, Qualities, Selection, Preservation, and
Suggestions for Improvements ; with Hints upon
Drawing and Coloring. By Wm. Ford Stanley.
(Second edition.) Stanley: London.

This is a second edition of Mr. Stanley's treatise
on mathematical instruments, to which several addi-
tions have been made. Amongst other things a de-
scription is added of a drawing board in the form of

a tray for holding wood blocks while drawings are
being made on them ; and a new form of copying table,
consisting of a sheet of glass, on which the drawing
to be copied is placed, a mirror being arranged below
the glass so as to throw the light up through the
drawing. A description is also added of Amsler'a
planimeter, an instrument that deserves to be more
generally known, and of a form of set square used on
the continent for drawing section lines. This set
square is provided with an arrangement such that by
pressing a lever with the finger the square is shifted
a certain distance. Altogether, Mr. Stanley's book
contains much information that will render it useful
to young draughtsmen.

—

Engineering.

An Elementary Course of Plane Geome-
try. By Richard Wormell, M. A., Medallist

in Mathematics and Natural Philosophy (London),
author of " Arithmetic for Schools and Colleges."
London : Thomas Murby, 32 Bouverie street, Fleet
street, E. C.

In reviewing this book the " Building News" says
the author of this volume has succeeded in investing
a dry subject with a considerable amount of practical
attraction, and illustrates each point by an appeal to
the common sense of the student, in a manner that at
once enlists his interest and arrests his attention.
Lines and planes, angles, circles and triangles are
described in detail, and the T-square, the level,
plumb line, and square introduced, to show the ap-
plication they have to the rudiments of other branches
of education, and how they bear upon many points of
technical and professional training. At the end of
every chapter a number of questions for self-exami-
nation are added, sufficient to enable the learner to
fix, by means of their solution, the substance of the
chapter in his memory.

The Management of Steel. By Geo. Ede;
employed at the Royal Gun Factories' Depart-

ment, Woolwich arsenal. From the fourth London
edition. New York: D. Appleton & Co., 1867.
The successive editions of this little manual have

gradually increased from a small pamphlet to a good-
ly duodecimo of over two hundred pages, and we are
glad to find that a reprint is accessible to our Ameri-
can workmen. As a practical worker in steel Mr. Ede
stands very high, and his book affords evidence that
he possesses the rarest of all faculties, viz : the ability
to state plain facts in a plain manner. The result is

that the book is crammed full of thoroughly practical
directions and valuable suggestions.
Those who have carefully read the volume will, we

think, agree with us when we say that, notwithstand-
ing the unqualified praise which we have accorded to
this book, it might be much improved if submitted
to the editorial revision of some well-qualified per-
son. In this way certain inelegancies, and conse-
quently indefiniteness of expression, might be readily
amended.

—

Am. Journal of Mining.

TREATISE ON VALVE-GEARS, WITH SPECIAL
Consideration of the Link-motions of Loco-

motive Engines. By Dr. Gustav Zeuner. Third
edition, revised and enlarged. Translated from the
German by Moritz Muller. London: E. & F. N.
Spon.

Dr. Zeuner's treatise has been received on the
continent as the standard work on valve-gear. The
work is divided in all into ten chapters, devoted to

the consideration of the simple valve-gear, and to

the link-motions of Stephenson, Gooch, Allan, Heu-
singer von Waldegg, and Pius Fink, and the valve-
gears of Gonzenbach, Meyer and Polonceau. There is

also an appendix of the book, treating of the counter-
effect of steam in engines fitted with reversing gear.

Dr. Zeuner's valve diagram was described and
illustrated in the first number (page 20) of Van
Nostrand's Magazine.
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ENGINEERING FACTS AND FIGURES FOB. 1868.

London and Edinburgh: A. Fullarton & Co.

1869.
The sixth annual volume of " Engineering Facts

and Figures " is now before us, and is no whit behind
its predecessors. We need hardly state that the

object of the work is to present a register of the

progress in mechanical engineering and construction

during each year. A leading feature in the present

volume is a notice of the International Maritime
Exhibition, held at Havre last year, and which was
specially visited for the purposes of the work. Some
additional notes are given on the Exhibition held in

Paris in 1S67, which tend to complete the subjects

discussed in the previous volume. The matter is, as

usual, arranged and classified under distinctive head-
ings. The chief subjects considered are boilers, ex-
plosions, furnaces, fuel, steam engines, locomotives,

marine engines and machinery in general, metals,

railways and ships. Of course there is not room for

everything in such a volume; but the selection of

matter is admirably made, and the most important
points of the various subjects are given, reference

being made to the object from which the information
is obtained, as a guide to the reader, should he desire

further details. The volume is amply illustrated, and
is got up in the usual neat style.

—

Mechanic's Maga-
zine.

LOCOMOTIVE ENGINEERING AND THE MECHAN-
ISM OF RAILWAY'S : A TREATISE ON THE PRINCI-

PLES and Construction of the Locomotive Engine,
Railway Carriages and Railway Plant. By
Zerah Colburn, C. E. London and Glasgow: Wm.
Collins' Sons & Co. New York: John Wiley, 535

Broadway. 1869.

One of the standing inquiries of students and ex-
perts in railway machinery has been, since 1865,
" When will the remaining numbers of Colburn's

Locomotive Engineering appear ?" Nos. 13 and 14

are now before us. The subjects treated are The
Link Motion, Combustion, Functions of the Locomo-
tive Boiler and the Principles of the Blast. It is

unnecessary to state that these subjects are ably

treated. Mr. Colburn has been thoroughly fitted by
his long experience as a practical locomotive engi-

neer, and by his training as a student and writer on
railway machinery, to handle these subjects in a
manner at once thoroughly useful, sound and enter-

taining. Some of the chapters in these numbers
were written by Mr. Ferdinand Kohn, whose work
on the Iron and Steel Manufacture is noticed else-

where. They were, of course, supervised by Mr.
Colburn. We shall make further reference to this

work as it proceeds.

ANNALES INDUSTRIELLES, PUBLIEES PAR FRE-
DUREAU, H. DE CHAVANNES ET ClE. A. CAS-

sagnes, Directeur. Paris, Rue le Peletier.

This is a new French bi-monthly engineering jour-

nal. So far this publication promises exceedingly
well, and appears to be ably edited. It is, more-
over, got up in very good style, each number being
illustrated by carefully exeouted lithographio plates

in addition to minor wood cuts interspersed in the
text. The plates are of large size, and represent
both civil and meohanical engineering subjects.

RAILWAY TRAVELING IN THE NINETEENTH
Centcry, with Plan of Proposed Improve-

ments. By George Lansdown. London: Pettitt
& Co., 23 Frith street, Soho. 1869.
This ig a pamphlet advooating the American sys-

tem of passenger cars for British lines.

Laxton's Builders' Price Book for 1869,
containing about 70,000 prices. London ; Mor-

gan & Chase, 1869.

Treatise on the Power of Water as Ap-
X plied to Drive Flour Mills, and to Give
Motion to Turbines and Other Hydrostatic
Engines. By Joseph Glynn, F. R. S. Third

Edition. Revised and Enlarged. New York: D.

Van Nostrand. 1869.

It is a pleasure to see an old and valued friend,

like this little work by Mr. Glynn, maintaining its

well deserved popularity, and reaching a third edi-

tion besides an American reprint. The range of

subjects treated in this volume is very wide, and
almost all the data required in calculations relating

to the flow of water; horizontal water wheels; tur-

bines; undershot, overshot and breast wheels; water

pressure engines and water rams, &c, are given very

fully, and in such a shape that they can be readily

used by the practical man. The publishers have cer-

tainly laid both students and practical men under
deep obligations by this reprint.

—

American Journal

of Mining.

The Transactions of the Society of En-
gineers for 1S67. 1 vol. 8vo., with many

plates. London: Spon, 1868.
This, the last volume of transactions of this thriv-

ing young society, quite maintains the character of

its predecessors, and something more, as several of

the papers are less of a mere elementary character

—

having just a little of the smack of schoolboy exercise

about them, as was the case with a few of the former
ones—and two or three are really able and exhaust-
ive. This is especially true of Mr. Baldwin's paper
on "Safety Valves," Mr. V. Pendred on "Tube
Boilers," and, above all, Mr. S. W. Worssam on
" Mechanical Saws." The volume, like all of the
series, is got up in excellent style by the publisher;

no clearer or better illustrations need be sought than
the lithographs, which equal above a third of the
volume in bulk.

—

Practical Mechanic's Journal.

Iron and Steel Manufacture : a Series of
Papers on the Manufacture and Properties

of Iron and Steel; with Reports on Iron and
Steel in the Paris Exhibition, etc., and De-
scriptions of many of the Principal Iron and
Steel Works in Great Britain and on the Con-
tinent. By Ferdinand Kohn, C. E. London:
William Maokenzie, Paternoster-row.

This appears to us, upon cursory examination, to

be one of the most oomplete and useful works extant
upon modern iron and steel making. It brings the
subject down to the present practice—however long
that may last—and is very fully and well illustrated.

It is favorably reviewed by the London " Mining
Journal," and other professional periodicals. We
shall give the work a more extended notice on another
occasion. Meanwhile we advise mill managers and
thorough students to prooure it and review it them-
selves.

Murray's Tre
Fourth editio

ATISE ON THE MARINE ENGINE.

This 13 the treatise as to the publication of which
the author, Mr. Murray, has so justly complained in

the publio papers. It was a good treatise for its

time, probably, when first published, but needed
muoh to bring up its leeway. This, the author com-
plains, has been done or attempted by another hand,
employed without his knowledge or sanotion by the
publishers, and whose work the author views as hav-
ing by no means added to the value of his original.

In that we are obliged to agree with the author.
The book ought simply to have been reprinted as it

stood, or all but rewritten, and not merely padded!

out by a bulky appendix, of which almost every page
has been taken from easily accessible pviutod ctaou-

i

meats, &e.
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RAILWAY NOTES.

Re-Rolling Old Railway Iron.*—The worn-
out rails on the Erie and Pennsylvania Railways

are re-rolled for further use in the same form, and
this process is performed according to the following
instructions, which are embodied in the specifica-

tions of that company

:

1st. The old rails shall he piled in piles, and every
piece shall he the whole length of the pile, and the
pile so made shall be rolled into flats.

2d. All rails classed as 64 lb. to 67 lb. shall be
rolled from a 9 in. rail pile, said pile to be made as

follows :

3d. The said flats shall be put into a pile of proper
size for a rail, each flat being of the full length of
the pile, and of which flats the bar forming top or

head of the rail shall be of a new, good, tough,
granular re-worked iron, such as will weld well ; to

be 1| in. thick.

4th. The layers forming the central part or stem
of the rail shall be of puddled oi re-worked iron, of
a good quality, or of old rails (at the option of the
manufacturer), rolled to a thickness of not over I
in., and of such width that the various layers will

break joints, and what is known as a staggered pile

formed.
5th. The base of the pile, from which the bottom

or flange of the rail is made, shall be of good, re-

worked fibrous iron—the under layer of which shall

be of full width and length of pile, not less than 1J
in. thick. The pile shall be well and carefully

heated, so as to insure a good weld.
6th. The short pieces furnished by the railway

company, and all short pieces cut off by the rolling

mill, shall be piled by themselves, and rolled into a
flat, which flat shall either be piled in the rail pile

or used in making flanges of the rail. The railway
company shall have the right, from time to time, to

direct in what part of said pile said flats, so made
of the pieces shall be placed; not more than two
such flats shall be in any one pile.

7th. The rails to be rolled to pattern furnished

by railway company; to be 25 ft. long; not over ten

per cent shall be of shorter lengths, but not less

than 18 ft.; all rails to be undercut ^ in.; to be

notched 2| in. from each end, the notch to be | in.

deep and I in. long, or of such dimensions as the
railway superintendent may direct.

8th. It is mutually agreed that the railway com-
pany shall not exact from the iron works rails class-

ed as re-rolled, to be of better material in the cen-
tral parts and base of the pile than can be produced
from the old iron furnished by said railway.

9th. Rails and process of manufacture shall be
subject to inspection by such persons as the super-

intendent of the railway shall select and appoint for

that purpose.

Mons Cenis Tunnel Completion.—According to

Italian journals, the completion of the great
tunnel is to be the occasion of a great International

Exposition at Turin. The Government is to ask Par-
liament to vote the sum of 3,000,000 francs to cover
the expenses of this enterprise. It is expected that

the work will be finished in the winter of 1869-70,
and that its use will begin early in the latter year.

—Annates du Genie Civil.

* 'We copy this from an English paper, but we believe it

fersi appeared in one of our own Journals ; we have not the
msajis at hand to give proper credit.

I
Quench Railways— New Company— Particu-
. lars of Works.—The larger part of the French

railways are worked by five or six large companies;
but recently many small local lines have been grained
to new companies, who receive subsidies from the

local authorities, and are free from many heavy
regulations ordered by the Government to the great

companies. A new company has thus contracted
with the Conseil-general du Department de File-
rault for 120 miles of new lines from Montpelier to

the seaside, from Pezenas to Beziers, and from
Montpelier to Lodeve. The company will receive

a subsidy of £4,800 per mile. There will be only
two classes of carriages, with the fares of the second
and third classes of the main lines. The gauge will

be the ordinary narrow gauge, the shortest radius

of the curves will be 300 feet, and the inclines will

not exceed one thirty-third. There will be no
fences to the line nor guards to the level crossings,

but the speed will not exceed fifteen miles an hour.

The weight of the flat bottom rails will be forty-nine

pounds per yard, and the average distance of the

sleepers will be four feet. The rails are manufac-
tured by the L'Horme Ironworks, near St. Etienne,

at £9 15s. per ton. It is intended that the goods
wagons of the main line should be admitted on
these branches, but the engines will be special tank
engines, with four coupled wheels, and weighing
sixteen tons, or twelve tons empty. These engines

will be supplied by Graffenstaden, near Strasbourg.

There will be also some double bogie engines, which
are manufactured by the Fives-Lille Company. The
carriages, built at Lyons, will have a longitudinal

intercommunication; there will be also some two-
story carriages for the little line from Montpelier

to the seaside, where_ a large passenger traffic is

very probable. These lines will not have large

works of engineering except a lattice girder bridge,

with five spans of 120 feet each, over the Herault
river.

—

The Engineer.

Proposed Tunnel between Ireland and Scot-
land.—A scheme has been proposed for uniting

Ireland and Scotland by a submarine tunnel. The
entrance to the railway tunnel by which it is to be
accomplished on the Irish side is to be from a point

about midway between Cusheden and Cushendall,

on the coast of Antrim, and on the Scotch side at

Glenstrone, from whence it would run through the

head of the Mull of Cantyre. The total length of

the tunnel under water would be fourteen miles

three furlongs, and it is said that the ground
through which it would have to be made is exactly

suited for tunneling operations, and the sandstone

for lining it can be had in any quantity on the Irish

side. It is proposed to construct the tunnel for a
single line ouly, the extreme depth being twenty-

one feet, and the clear width at the level of the

rails fifteen feet. The estimated time that would
be occupied in completing the tunnel is, allowing

for all contingencies, under six years, and the cost

under four and a quarter millions. To pay a divi-

dend of five per cent, the weekly earnings must be

forty-two pounds per mile, and an estimate is ap-

pended to show that the gross earnings would be

largely in excess of this amount, and that the min-
eral resources of the land in the immediate vicinity

of the Irish end of the tunnel would be immensely
developed.

Punch's approved method of communication
between passenger and guard—a shilling.
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I^he Delhi Railway, when completed, will

. establish an unbroken line of railway commu-
nication between Calcutta and Lahore, a distance

of 1,300 miles. The contract for its construction,

for 302^ miles, was let in 1864. The commence-
ment of the work was, however, delayed until

1865. At the present time the wells for the foun-
dations of the larger bridges have been sunk to

the required depth. This railway, besides fre-

quently crossing canals, spans three large and
celebrated rivers, the Jumna, the Sutlej, and the
Beeas, besides one great mountain stream, the
Gugger. The aggregate water-way required for

these rivers amounts to upwards of two miles.

—

On the southern section of the railway, between
Umballa and Ghazeeabad, which was formally
opened in November, there are eight large
bridges, and ten for minor streams, comprising
fifteen spans, varying from 60 to 102 ft. in length.
On the northern section, seven important bridges
are completed. Of materials, 90,000 tons, inclu-
ding permanent way, bridge work, fencing, and
plant have been sent from England since the
spring of 1865 for the formation of this railway.
The date fixed by contract for the completion of
the whole line is the third of May, 1870.

Safety of Workmen in Tunnels.—A new sys-
tem, affording a great security to the platelayers

in the tunnels, is used in the Blaisy tunnel of the
Paris and Marseilles line. This tunnel, 13,600 feet
long, is sometimes very smoky, and the men had
great difficulty in being properly warned of an
approaching train. An insulated wire has been
laid by the side of the tunnel live feet over the
ground. The ganger of the platelayers is supplied
with a portable electric bell that he must suspend
to the wire in the neighborhood of the place where
his men and himself are working. The electric

communication is completed by an iron wedge
inserted between two rails of the line, and con-
nected by a wire to the electric bell. As soon as
a train goes into the tunnel, the signalman of the
clock system at the entrance of the tunnel sends
an electric current in the wire and rings the bell
continually until the signal "line clear" is received
from the other end of the tunnel.

—

The Engineer.

Altitudes.—The highest point on the Central
Pacific Railroad is in the summit|of the Sierra

Nevada, it being 7,042 feet above the level of the
sea, and the next highest is Pepoup Pass, 6,180
feet above the level of the ocean, and 541 miles
east of Sacram°nto, in the Goose creek range
of mountains. The highest points on the Union
Pacific are Green river. 6,145 feet above the level
of the sea; Benton. 6,635; Laramie, 7,175; Sher-
man, 8,424; and Cheyenne, 7,040.

Peat for Locomotive Fuel.— The following
results have been obtained on the Grand Trunk

railroad in Canada ; Number of miles run by train,
683

; aggregate distance run by all the cars, 15,267

;

average number of cars per train, 22.4; peat con-
sumed, 48,745 pounds ; wood for same work, 105,187
pounds; number of miles run per ton of peat, 31.6

;

number ot miles run per cord of maple wood, 27,6;
experiment in favor of peat, 14 per cent.

A Railway in Persia, from Teheran to a su-
burb 6 miles out, is in progress.

Railway Time Tables in Holland.—We find

in the Dutch journal " Opmerker " the follow-

ing lines :

" Bois-le-Duc—The provincial Court of Appeals
has just given its decision upon a writ of error, from
the tribunal of Breda, in the case of M. J. Urban,
residing at Brussels. The tribunal found M. Urban
guilty of a violation of the law of Aug. 21st, 1859,

containing provisions for the management of rail-

ways, in failing to cause the departure of the

Rozendaal train at the time indicated in the tables

on the evening of Sept. 29th. M. Urban was fined

200 florins, and sentenced besides to six days in jail.
£< The Court of Appeals has confirmed the judg-

ment, and the appellent has been compelled to pay
the costs."

M.J. Urban, we believe, is the director-general

of the Grand Central Railway of Belgium, which
has a station at Rozendaal. It seems that the

Dutch Government requires railway time tables to

be kept up to. Nobody will blame it in this case.—Jlnnales du Genie Civil.

A bandonment of Broad Gauge.—The northern
1-L section of the Great Western Railway of Eng-
land is now worked entirely upon the narrow (4 ft.

8£ in.) gauge. The 7 ft. gauge is being gradually

abandoned on the entire line.

Railways in Persia—The Shah of Persia has
recently granted to English capitalists the

monopoly of railroad building in that county for

twenty years.

A Car is now building in Jersey City, which will

be the costliest, the largest and one of the most
elegant in the world. It is for the Erie road, and
will cost $60,000.

MISCELLANEOUS.

TYTotice to our Cotemporaries.—Several tech-
ll nical journals are in the habit of copying with-
out credit from " Van Nostrand's Magazine" trans-

lations from French and German magazines. We do
not quite see the propriety of copying without credit

our abstracts of papers and articles from the English
journals ; but when we have undertaken the expense
and trouble of translating as well as compiling, we
think an acknowledgment thereof, on the part of our
said cotemporaries, would beat once just and polite.

New Books.—It may perhaps be unnecessary to

call the attention of our readers to the series

of notices under this heading. This is probably the
most comprehensive list of new professional books
that is accessible to the general reader ; and the
notices present not only sufficient specifications of
the subjects treated, but the average professional

opinion as to the manner in which they are treated.

ANew Alloy.—A new alloy, forming, we are

told, a beautiful white metal, very hard, and
capable of taking a brilliant polish, is obtained by
melting together about 70 parts of copper, 20 of
nickel, 5£ of zinc, and 4| of cadmium. It is,

therefore, a kind of German silver, in which part

of the zinc is replaced by cadmium. This alloy

has been recently made in Paris for the manufac-
ture of spoons and forks, which resemble articles of
silver.
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WOODEN PAVEMENTS IN CALIFORNIA.—Not
content with giving a fair trial to the widely-

known Nicholson wood pavement, the Californians

have devised several kinds of their own, two of

which, known respectively as the Perry and the Stow
pavements, have been tested to some extent in the
streets of San Francisco. The Perry method consists

in having the blocks sawed in such shape that when
laid down they will occupy a position in which the

grain of the wood, instead of being vertical, will lie

in an inclined position, with V-shaped grooves or

recesses arranged between their upper portions, and
filled with gravel unmixed with asphaltum, or other
waterproof or binding substance, this last being con-
sidered unnecessary. The grooves or recesses are
caused to break joints, and are, of course, designed
to facilitate the foothold of horses, ifce., passing over
the pavement. It is claimed that by this plan of

laying the blocks the latter are caused to mutually
sustain each other, that their surfaces are less sub-
ject to being battered and abraded by iron-shod
hoofs and the tyres of wagon wheels, and that the
expansion of the blocks consequent on the absorption
of moisture, instead of causin5 the pavement to
" arch," will simply make each block slide slightly

upon the inclined surface of its neighbor. The blocks
employed in the experiments thus far made with this

kind of pavement, have been subjected to a preser-
vative process, in which the pores of the wood are

filled with sulphates of lime and iron. The Stow
pavement resembles the Nicholson in the shape and
size of its blocks; but instead of the plank founda-
tion of the latter has provided underneath it a bed
of sand. The sand is densely packed to support the

blocks, and also the superincumbent pressure of

travel thereon, by means of longitudinal rows of

wedges driven down into the sand alternately with
the several series of block. The great advantage of

this system lies in the facility with which it may be
taken up and replaced when desired, as, for instance,

in the case of sewage repairs, &c. Akin to the sub-
ject of pavements is that of sidewalks, and in the

construction of these asphaltum appears to be coming
into very eztended use in the Golden State. In San
Francisco they are made as follows: Upon the sand
is laid a foundation of boards, upon this is placed a
layer of brick, and upon the brick is spread a cement
which is constituted by asphaltum from Santa Bar-
bara, mixed with ordinary gravel of fine texture.

—

Engineering.

Specimens op Large Belts.—Messrs. Hoyt
Brothers, of New York city, have lately finished

two very large belts, a portion of an ordor for the

American Print Works of Fall River, Mass. One is

228 feet long and 38 inches wide, double; the other
3 07 feet long by 36 inches wide, also double, each
about five-eightha of an inch in thickness. Weight
of the larger belt 1,998 lbs., and of the smaller on©
810 lbs. One hundred and fifty of the choicest

"buts" were selected from 3,000 hides, themselves
sorted from about 9,000. The leather of these belts

is wholly from domestic cattle, and tanned with oak
bark only, at the tannery of the company in Cumber-
land, Md., no extraneous acids or hot liquors being
used. At first price the value of the largest belt

would amount to over $2,800. The material and
workmanship are certainly creditable to the manu-
facturers

—

Scientific Arrierican.

The experiment of making belting from paper
has proved a success in the hands of Crane & Co.,

at Dalton, Massachusetts, and the article is now used
in all their own mills and several other manufactur-
ing establishments. The belting resembles the gen-
uine oak-tanned leather, and serves alike well in a
dij or damp atmosphere.

—

Engineer.

rVuE Late Ocean Steamship Race.—The
I City of Paris (Inman line) steamed from New

York to Queenstown in 9 days 7 hours 23 minutes;
stopped at Queenstown 20 minutes; steamed from
Queenstown to Liverpool in 18 hours 27 minutes;
total run, 10 days 2 hours 10 minutes.
The hussia (Cunard line) steamed from New York

to Queenstown in 9 days 8 hours 5 minutes; stopped
at Queenstown 23 minutes ; steamed from Queenstown
to Liverpool in 17 hours 12 minutes; total run, 10

days 1 hour 40 minutes.
The City of Paris won the race to Queenstown,

beating the Russia by 42 minutes only. The Russia
won from Queenstown to Liverpool, beating the City
of Paris by 75 minutes, to which add 3 minutes longer
stoppage at Queenstown ; the Russia recovering her
lost way, and winning by 33 minutes on the total dis-

tance steamed, which by the Russia's log was 3,066
miles in 10 days 1 hour 17 minutes, or about 12|
miles per hour whilst under way in steaming.

—

Cor.
Engineer.

A New Submarine Light.—An interesting
experiment was recently made at the residence

of Dr. Doremus, in New York city, in order to test

the utility of a nett method of illumination under
water, invented by a lady—Mrs. Devoe—and designed
to facilitate the various operations of submarine en-
gineering. The plan, which has been patented by
the inventor, or rather the " inventress," is simply
this : Two rows of convex glasses are arranged in the
side of a vessel below the water-line, and suitable

lights—magnesium, calcium, or electric—are so ar-
ranged in relation with the glasses and with appro-
priate reflectors that the rays are thrown out into the
water to illuminate the same. It is intende to use
in conjunction with this apparatus a peculiarly con-
structed device by which objects in the water will be
reflected upon a submerged mirror in such a way that
the images may be perceived on looking down the
tube or body of the instrument, which resembles that
of an ordinary telescope.

—

American Artisan.

Preventive FOR " Dry Rot."—Builders, allot-

ment gardeners, and others who employ home grown
timber for fencing and other purposes, will be glad to

hear that an effeotual preventive for the "dry rot'*
has been discovered. The recipe is forwarded to the
"Gardeners' Chroniole " by Mr. J. Baily Denton,
and has been thoroughly tested by experiment. It
consists in soaking the timber for a short time in lime-
water. A pit or tank, or good-sized barrel, accord-
ing to the extent of requirement, will answer the
purpose, the lime being added to the water in the
proportion of eighty-eight grains to one gallon.
Timber creosoted in this way stands the weather re-
markably well, and is not subject to tho decay to

which unprepared timber is so liable.

A New Light.—Mr. James Allison Hogg, gas
engineer, Edinburgh, has discovered a method of

producing intense light with coal gas by mixing it

with atmospheric air. The mixture of gases is lighted

after passing through a tissue of iridio-platina wire
at a determined pressure. In a few seconds the metal
becomes heated up to a white heat, the flame disap-

i

peara, and an intense white light is the result. An
enlarged picture has been taken by its aid on prepared
photographic paper. The light will burn in a gale of

wind without any protection round it, and a down-
pour of rain will not affect it.

Preserving Timber.—Dr. L. Fouehtwaner's
process for the preservation of timber is simply

to steam the timber, and then inject a solution of sili -

cate of soda for eight hours, after whioh the wood is

soaked for the same period in lime-water.

—

Engineer*
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Steel Rails—The Results.—Besse-

mer steel rails have been in regular and ex-

tensive use abroad, over ten years. For
some five years large trial lots have been
laid on various American roads having heavy
traffic, and during the last two years import-

ations have largely increased.

The manufacture of steel rails has also

been commenced at four large establish-

ments in this country, and some 7,000 tons

of home manufacture have been produced
and laid down. It is estimated that from
40,000 to 50,000 tons of steel rails are in

use on our various railways. Among the

users of steel rails are the Hudson River,

Erie, and Pennsylvania railways— 10,000
tons or more each; the Lehigh and Sus-

quehannah (entirely built of steel) ; also the

Philadelphia & Baltimore; Camden & Am-
boy line ; Lehigh Valley ; New York Cen-
tral; New York & New Haven; Naugatuck;
Morris & Essex; Cumberland Valley ; South
Carolina ; Chicago & Northwestern ; Chicago
& Rock Island ; Chicago & Alton ; Michigan
Southern ; Michigan Central ; Lake Shore
line ; Chicago, Burlington & Quincy ; Pitts-

burg, Fort Wayne & Chicago ; also the Bos-
ton & Providence, Boston & Worcester, Bos-
ton & Maine, Boston & Albany, Eastern,
Connecticut River and other lines in New
England.

Vol. I.—No. 6.-33.

The Wear op Steel Rails.—As no
steel'rails are reported to have worn out on

our roads, the comparative durability of

steel and iron cannot be absolutely deter-

mined.

The president of the Philadelphia & Bal-

timore railway states (in the letter before

quoted) that the use of steel commenced in

1864, that the rails (25 miles in all) were

laid on the most trying parts of the line

;

that none have been taken up on account of

breakage, wear or defect ; that upon the por-

tion of the line near Philadelphia, the first

steel rail imported had already worn out six-

teen iron rails ; and that none of the steel

rails have shown any imperfection, but are

all wearing smoothly and truly.

On the Pennsylvania railroad, the report

of the Chief Engineer for 1868 states that

11,494 tons of steel rails had been purchas-

ed, and 9,956 tons laid. The first were laid

in 1864. They are all wearing smoothly,

showing no change except the slight diminu-

tion of section to be reasonably expected

from the heavy traffic. No steel rails have

yet worn out. The report of the Superin-

tendent (Feb., 1869), says: "The use of

steel rails continues, with satisfactory re-

sults, and 4,544 tons of this material have

been laid since date of last report."

It is officially reported that on the Cam-
den & Amboy line, some of the steel rails

laid three years ago are now good in places

where iron lasted but a few months.

The last report of the Engineer of the

Lehigh Valley railway says: "Another year's

wear has made no perceptible impression upon
the 200 tons (of steel rails), the first of which

was laid in May, 1864, none of which have
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broken or given out since last report. These

rails have had a severe test, being in those

places in the track -where they are subject to

the greatest wear, and being laid with a chair

which is much inferior to the most approved

joint now in use. There is no longer any

possible doubt as to the superiority of steel

over iron in economy, as in every other

respect."

Unofficial reports from the Erie, Hudson
River and other roads show that the above

statements represent the average quality of

steel rails.

The last report of the New York & New
Haven railway states that " the subject of

steel rails has received special attention^ and

after a careful investigation of all the points

involved, it has been determined hereafter to

make all renewals of track with steel rails

only ; 2,600 tons of Bessemer steel rails have

been contracted for on account of renewals

for the present year."

The report of the Morris & Essex railway

for 1868 says: "During the last year one

track through the tunnel has been relaid with

steel "—also some 150 tons of steel laid else-

where. " The wear of steel shows conclusively

that economy will require its use on all heavy
grades and sharp curves."

The last report of the New Jersey Rail-

road and Transportation Company says :
" It

is probable that steel rails will be gradually

laid the entire length of the road, the great-

er durability of these rails, overcoming the

objection to their increased cost.

Within the last three years, two notable

papers have been read before the Institution

of Civil Engineers, in London, upon the

maintenance of way and the wear of rails

—

the papers of Mr. Price Williams and Mr.

C. P. Sandberg. They were followed by
prolonged discussions, in which the makers
of iron rails took a conspicuous part, lectur-

ing the engineers on professional subjects.

The general facts and conclusions elicited

have been published in the various engineer-

ing periodicals, and are extremely favorable

to steel for lines of heavy traffic. A great

number of instances of the comparative wear
of steel were cited. In one case 23 iron

rails had been worn out, where a steel rail,

laid end to end with the iron, was not yet

worn down. In other cases the wear was 17
to 1. It is conceded that any steel rail will

outlast 6 iron rails. In fact, the remarkable
wearing qualities of steel rails have never
been doubted or questioned.

Breakage of Steel Rails.— Somel

steel rails of English, French and American
manufacture have broken in service. In
several cases the cause has been ascertained

by the direct analysis of the broken rail.

The cause was phosphorus. In some other

cases, where analyses were not made, the

general character of the iron used has been
ascertained, and the trouble has been infer-

red to be phosphorus, or, in some cases, an
excess of silicon. It is well known to steel

makers that a very minute proportion of
phosphorous (above .02 per cent) will make
Bessemer steel brittle. In other cases, rails

have broken at the mark of the "gag" or

instrument for straightening the rail cold.

The rails had not been properly hot straight-

ened, or were finished at too low a heat.

More rails have broken through punched
fish-bolt holes and at punched nicks in the

flange, than at any other places. Experi-
ments prove that punching a hole in a steel

rail sufficiently hard to wear well, weakens
it. Three or four rails are reported to have
broken, or rather crumbled, by reason of

large flaws. Upon examination it was found
in one case, that a steel rail end had been
placed in the ingot mold, and that the liquid

steel poured around it had not perfectly

united to it. This practice in casting was
therefore abandoned. In another case, a

lump of clay appeared to have fallen into the

mold and to have become cast into the ingot.

In another case, too much of the fag end of

the ingot had been left upon the rail—in

other words, the rail had been sent out in an
unfinished state. These causes of failure

will be again referred to.

The total breakage of steel rails, in this

country, and the comparative breakage of

steel and iron have not been reported. The
total breakage of steel on several roads has

been officially reported.

Upon Jan. 1st, 1869, on the Hudson River
railway, out of eleven thousand tons of steel

rails in use, some of which had been laid

three years, eleven rails had broken. The
greater number of these rails were in use

during the excessively cold winter 1867-8,

when it was unofficially reported* that 113 iron

rails broke in one day on this railway, and
when it was officially stated that 1,000 iron

rails broke in a month on the Erie railway.

On the Erie railway, out of 8,000 tons of

steel rails in use Jan. 1, ten rails had brok-

en. Some 800 tons of these rails were of

American manufacture, and none of them
have broken.

* " Engineering," March 27, 1868.
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Upon the main line from New York to

Philadelphia, a small quantity of steel rails

were laid four years ago, and "200 tons of

very slender steel rails, two years ago. The
rest of the steel on this line was laid in

1868. Out of the entire 1,500 tons in use,

one rail has broken.

Upon the Philadelphia, Wilmington and
Baltimore railway, the President, Mr. Hinck-

ley, states (in a letter before quoted) that

out of 25 miles (say 2,400 tons) of steel rails

" we have never broken one in use, nor tak-

en up one on account of wear or defect."

The Chief Engineer of the Pennsylvania

railroad reports that " some lots of Ameri-
can steel received have been found too hard

and brittle, having a tendency to break easi-

ly ; these have been carefully excluded from

main tracks. The recent American steel

rails furnished have been found fully equal

in toughness and wear to the best foreign

steel, having been subjected to severe tests

under a falling weight."

On the other hand, a bad lot of steel rails

have been removed from the track of the

Reading railway, and the breaking of some
steel rails on the Michigan Central railway

is reported, although the use of steel is con-

tinued on that line. Mr. James F. Joy,

President of the Chicago, Burlington and

Quincy railway and of the Michigan Central

railway, reports as follows, as to the use of

steel rails (3 miles) on the former road

:

" The result has thus far not been such as to

encourage the Board in an extended use of

it in the ordinary track of the road." As
to the results of 3 miles of steel on the

Michigan Central, Mr. Joy says :
" The steel

rail thus far has hardly borne the test, hav-

ing been found more liable to break than

iron. As the average life of iron on the

road is about 8 years, it is somewhat more
than questionable if it will be found econo-

mical to substitute steel for iron in the track

of the road. At stations and where the life

of the iron is short from great wear, it is ex-

pedient, perhaps, to make the substitution."

It is a rather remarkable fact, however,
that the Superintendent, Mr. H. E. Sargent,

in the same report of the Michigan Central,

says: "Three hundred tons of English steel

rail, manufactured by John Brown & Co.,

after the Bessemer process, were laid early

last year in some places where exposed to

severe service. They have worked well thus
far, hardly showing perceptible wear at any
point."

In the absence of further official informa-

tion, it is fair to assume that the breakage

of steel rails is only a small percentage of

the breakage of iron rails. Indeed, the lat-

ter is of daily occurrence, and is rarely con-

sidered by the public, except when lives are

lost, and not always by railway managers
when they make contracts.

Tests and Improvements.—-The very

important question now arises— Can steel

rails be relied upon to give the satisfactory

results above quoted, or improved results

—

can the evil of breaking be practically over-

come ?

We have seen that the chief and usual

cause of brittleness is phosphorus. It is

well known that the great deposits of iron

ore in this country, such as the Iron Moun-
tain and Lake Superior are practically free

from this impurity. The quality of the ores

in this and adjacent States is various.

Those of the Housatonic valley are generally

well adapted to steel making ; the magnetic

deposits of Lake Champlain are generally

unsuitable. The cheap charcoal irons of

Alabama, Virginia and Tennessee are gene-

rally very pure. The Cumberland irons of

England, made especially for Bessemer steel,

and used by Brown, Cammell and other

first-class makers there, have also been im-

ported to our steel works at reasonable rates.

But however plentiful the ores suitable for

steel may be in this country, great care in

smelting and in the selection of fluxes will

be indispensable to a uniform product. The
manufacture of pig iron in this country has

been so remunerative, that iron-masters have

not heretofore felt impelled to introduce the

refinements that characterize the smelting

process abroad. A uniformly bad iron would,

of course, be avoided by the steel-makers

—

the danger lies in the creeping in of impuri-

ties, by reason of improper manufacture,

when the general character of the iron is

good. This cause of failure may obviously

be avoided.

Upon the introduction of the new manufac-

ture in this country, our steel-makers appear

to have made the natural but inexcusable mis-

take of neglecting analyses, critical inspec-

tions and rigid tests. This error was copied

from the early English practice. In both

cases it led to uncertain results, and injured

the reputation of the product. Now it is

reported by our steel-makers that they buy
no irons until after they are specially ana-

lyzed ; that they mix a large number of irons

for each charge of steel, so that any acci-

dental impurities in one may be largely di-
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luted ; that they test all charges of steel by
welding, cold bending and otherwise; and that

they test rail ends from each charge of steel

made. One steel axle maker advertises that

he makes each axle four feet longer than re-

quired, and tests it by dropping a 1,640 lb.

weight 5 times upon this end from an height

of 20 feet.

The punching of steel rails has been aban-

doned. Several kinds of power and hand

drilling machines have been introduced, that

do the work rapidly and well. The loss from

the neutral axis of a rail, of the little mate-

rial necessary to let a bolt through, cannot

sensibly weaken it. To prevent the rails

from creeping, the engineer of the Pennsyl-

vania railway pins them to several sleepers

by means of ^ inch holes drilled in the

flange. There are also other and better de-

vices for preventing end movement, which

do not weaken the rail at all.

The grand advantage of steel, for service un-

der concussion and wear, is its homogeneity.

Having been cast from a liquid state, it is sound

and uniform, and free from the laminations

and layers of cinder and numerous welds which
characterize wrought iron, especially the low

grades of wrought iron usually put into

rails.

The tests above referred to would appear

to amount to a guarantee against rails break-

ing in the track. The causes of failure men-
tioned, are obviously not a necessary feature of

the Bessemer process, nor is uncertainty re-

garding the quality of the product an in-

herent difficulty. Perhaps no metallurgical

process is more simple and less liable to

variable features and results, provided always
that the iron and the other materials and
the machinery employed are of good quality

Mistakes in the process of manufacture are

of very rare occurrence, because it is less

trouble to go right than to go wrong, and
because the manufacture is in a very small

degree dependent on the skill and judgment
of the workmen. Melted cast iron is weigh-

ed into the converter, a steady blast is ap-

plied to it until the flame suddenly and un-

mistakably drops and changes color, indicat-

ing the complete removal of the carbon, and
then a quantity of recarburizing material is

added by weight. There is no guess work
at any stage of the process, and the absolute

determinations of the spectroscope may, if

required, be employed as to the period of

decarburization. Bad, refractory materials,

impure coal, weak and fluctuating blast, and
careless management of the casting, contri-

bute to produce defective steel ; but the

chief uncertainty, in this country, has been
in the pig iron. The experience of the

Pennsylvania railway, before quoted, proves,

however, that this difficulty has been avoided.

And the results at the Cumberland furnaces,

in England, are remarkable proofs that uni-

formity and excellence of quality are a sim-

ple question of blast furnace construction and
management, when the coal and ores are rea-

sonably pure. Notwithstanding the searching

character of the tests referred to, the trial bar

and the trial rail-end from each charge, it has

been considered desirable to establish a still

more certain and comprehensive system of

tests, and to improve the manufacture by as-

certaining the effects of different processes and
treatment upon the ingots. To this end,

preparations have been commenced at one of

the steel works in this country, to determine,

at whatever expense of time and money may
be necessary

—

1st. What reasonably rapid and conve-

nient test of steel rails and axles will repre-

sent in kind (though, of course, exaggerating

in degree) the test of actual service, The
heavyweight falling upon the rail is objected

to on various grounds. It does not prove

that the rail will stand numerous blows ac-

companied by flexure, and it may prove that

the rail is too soft to wear well.

2d. The exact effect of temperature upon
the strength of steel of various grades.

3d. The effect of annealing upon the

strength and durability of steel rails.

4th. The effect, as to strength and dura-

bility, of drawing down rails from ingots of

large size, as compared with drawing them
down from ingots of small size—the exact

value of reduction.

5th. The comparative effect, as to strength

and durability, of drawing the ingots, at the

first stage, under the hammer or in the rolls.

However valuable the effect of hammering
may be upon wrought iron—squeezing out

the cinder and perfecting the weld in detail

—the conditions of steel are totally different.

Steel has no cinder, and is already homoge-
neous, requiring no welds. It is, therefore,

probable, that while hammering might make
the mass a little more dense and hard, roll-

ing would produce the more uniform struc-

ture and the more soft and ductile product.

6th. The uniformity of ingots from the

same charge of steel. It is obvious that all

parts of a ladle full of liquid steel, having

been boiled together and thoroughly mixed,

should be alike mechanically. Any chemical
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differences would be impossible at so high a

temperature—some 5,000 deg. Fahr. Some
experiments were recently made for the Cen-
tral Railway of Orleans, to test this and
other features of Bessemer steel.* The re-

sult showed the practical identity, not only

of two ingots chosen at random from the same
charge, but of the various charges under ex-

periment.

Improved Traction upon Steel
Rails.—It has been too much the practice

of railway managers to consider only the in-

creased durability of steel. A less striking,

but perhaps equally important advantage, is

that it has double th'e strength and more
than double the stiffness of iron. Some three

years since, Mr. George Berkley made, in

England, above 600 tests of the stiffness of

steel and iron rails of equal section. The
rails were supported on 5 ft. bearings, and
loaded with dead pressure at the middle.

The first rails tried weighed 68 lb. per yard,

and loads respectively of 20 tons and 30 tons

were applied. The average of 427 tests of

the Ebbw Vale Co.'s and two other standard

makers of iron rails, gave, with 20 tons, a
deflection of § in. and a permanent set of ^
in. With 30 tons the deflection was 2£ in.

and the permanent set 2tV in. With Brown's
steel rails, 45 tests gave an average deflec-

tion of but -fV in- and a permanent set of £
in. With heavier rails and loads, the com-
parative stiffness of steel was still more
marked. The great and constant resistance

to traction, and the wear and tear of track,

wheels and running gear, due to the deflec-

tion of rails between the sleepers, and the

perpetual series of resulting concussions may
be much reduced, or practically avoided, by
the use of rails of twice the ordinary stiff-

ness; in such a case, however, reasonably

good ballasting and sleepers would be essen-

tial. When a whole series of sleepers sinks

bodily into the mud, the consideration of de-

flection between the sleepers is a premature
refinement. If the weight of steel rails is

decreased in proportion to their strength,

these advantages of cheaper traction and
maintenance will not, of course, be realized.

The best practice, here and abroad, is to use
the same weight for steel as had been for-

merly employed for iron.

Steel-Headed Rails.—Many attempts
have been made in England, on the Conti-

nent, and in this country, to produce a good

steel-headed rail, and not without success.

Puddled steel heads have all the structural

defects of wrought iron, as they are not

formed from a cast, and hence homogeneous
mass, but are made by the wrought iron

process, and are, in fact, a "high" steely

wrought iron. They ai-e, however, a great

improvement upon ordinary iron, although

probably little cheaper than cast steel heads.

Rolling a plain cast steel slab upon an iron

pile has not proved successful. The weld
cannot be perfected, on so large a scale, and
the steel peels off under the action of car

wheels. Forming the steel slab with grooves,

into which the iron would dovetail when the

pile was rolled into a rail, has been quite

successful. The greater part of some 500
tons of such rails, made in this country, and
put down where they would be severely test-

ed, about 4 years ago, have outworn some 3

iron rails. Others failed in the iron stem,

which was too light, after a shorter service.

Rolling small bars of steel into the head of

an iron pile has been recently commenced at

various mills in this country and in England.

No conclusions are yet warranted by the

short trial of these rails.

There is a growing feeling among engin-

eers and steel-makers, that the compound
rail, made wholly or partly of steel, will

prove more safe and economical than any
solid rail, and that the defects of the old

compound iron rail, largely used in this

State some years since, may be avoided,

since these defects were chiefly due to the

nature of the material. The experiments in

this direction will be watched with great in-

terest by railway managers, for if the same

durability of track can be obtained with a

steel cap as with an all steel rail, the first

cost will be greatly decreased. A rail made
in two or three continuous parts, breaking

joints, is also a practical insurance against

disaster from broken rails.

* See Van Nostrand's Magazine, Vol. I, pag§ 104,
for complete account of these experiments.

THE SIEMENS-MARTIN PROCESS.

We print below the particulars of a charge

of Siemens-Martin steel, produced at the

works of Messrs. Cooper, Hewitt & Co., at

Trenton, under the superintendence of Mr.

F. J. Slade, who introduced the process in

this country. We are informed that the

time of the process is often shorter, and the

yield greater, but that this is a fair sample.

Certainly not an unduly favorable one.

We have experimented with a bar of steel

made by this process, exactly as represented
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in the following table, and have found it to

be very soft and tough, and capable of sus-

taining a very high heat

:
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Coal for Producers, from 7 A. M., April 21st, to 7 A- M.,
April 22d, soft, 6,S64: duration of Charge, 11 h. 57 m.

"VIethod of Electro-plating Cast
111 Iron, by Prop. Dr. Bottger.—One
ounce of nitrate of silver is dissolved in 16

ounces of distilled water when boiling, and
two ounces of cyanide of potassium are

added. When these substances are com-
pletely dissolved, the fluid is mixed with a

solution of one ounce of chloride of sodium
in 48 ounces of water. The cast iron ob-

ject to be plated must be free from oxide,

and has to be cleansed by dipping it a few
minutes into nitric acid of a specific gravity

of 1.2, immediately before being plated.

The plating is done in the above described

solution, with the assistance of two or three

galvanic elements of moderate strength.

—

Polyt. Notizblatt.

OUR TECHNICAL SCHOOLS.

THEIR DEVELOPMENT RATHER THAN
THEIR INCREASE.

New England, which, though composed
of six states, is, in many important respects

a unit, has her Chandler Scientific School

connected with Dartmouth College, N. H.,
and recently presented with forty thousand
dollars, expressly to develop its course in

civil engineering ; her Massachusetts Insti-

tute of Technology at Boston, with an endow-
ment—expended and appropriated—approach
ing, if not amounting to a million of dollars ;

her Worcester School of Industrial Science,

with a total endowment approaching three

hundred thousand dollars, and a well equip-

ped machine shop, analogous, for the study
of mechanical engineering, to a laboratory
for the study of chemistry ; her Agricul-
tural College at Amherst, with an endowment
of a third of a million dollars, and beg-

ging the State of Massachusetts for one

hundred and fifty thousand more ; her

Sheffield Scientific School at New Haven,
with an endowment recently stated at "only
three hundred and twenty-seven thousand
dollars," and her Lawrence Scientific School

at Cambridge, Mass., also well endowed.
New York is probably not very far from

equal to all New England, in extent, popula-

tion and wealth, and she, accordingly, pres-

ents her quota so to speak of five schools of

science. There are the Rensselaer Poly-

technic Institute at Troy ; the Engineering
Department at TJ?iio?i College, Schenectady,

the Cooper Institute, and the School of
Mines of Columbia College, both in New
York City ; and the Scientific Departments of
the Cornell University at Ithaca. This com-
parison by no means, implies that New York
is doing little or nothing for professional

Scientific instruction. It does, however, at

this point, suggest the vital question :

How can these worthy, and, some of them,

long established beginnings, best be com-
pleted ?

Within the brief limits of an article, this

question can best be answered by a few pre-

liminary general explanations, followed by
a brief discussion of some one representa-

tive example.

"Scientific Schools," then, are, first, either

simple or compound. By a simple school is

meant one which gives but one professional

course and degree. Medical schools, and

schools of mining, only, are examples to the

point. By a compound school, is meant
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oue, which gives several parallel courses of

study, aud" corresponding degrees. Such
are nearly, or quite all scientific schools in

the United States.

Again: from another point of view, the

engineering, and other scientific schools of

this country, are either independent, or

component schools. The former are sepa-

rate organizations. The latter are compon-
ent parts of larger organizations. Thus,

the Institute of Technology in Boston, and

the Polytechnic, Institute in Troy, are in-

dependent schools. The Sheffield School at

New Haven, and the Engineering Depart-

ment at Union College, are components of

Yale College and of Union College.

Further : There is a marked difference

between the technical schools, in respect

of the requisite age for admission to them,

considered as indicative of the relative ele-

vation of their courses of study. Thus,

boys of fourteen, are admitted to the

Chandler Scientific School of Dartmouth
College, while at Troy, the required age is

nominally sixteen, and virtually over eigh-

teen, as shown by the records for several

recent years ; and, as the two institutions are

not known to come into any disadvantageous

competition with each other, it may be said,

not ungraciously, that a comparison of their

published programmes will show a corres-

ponding difference in the scope and range of

the studies pursued.

Schools, again, differ greatly in relative

wealth, as seen in the opening statements of

this article, though, if we include moral ele-

ments, those institutions which are poorest

in material things, may, like many indivi-

duals similarly conditioned, be the wealthiest

in elements of power to shape and enrich

and strengthen the minds which yield to

their formative influence. There is, perhaps,

no proposition concerning life, which does

not need to be received with thoughtful dis-

crimination ; and it is certainly true that

great invested resources, sumptuous edifices,

and ample equipments, do not, of themselves,

necessarily make a superior institution, while
they may even have no better effect than
the contemplation of Babylon had upon
Nebuchadnezzar. Nor is this remark a

jealous sneer at the wealthier institutions.

Each one of them is welcome to all it asks

for. The success, throughout the land, of

the course of professional education in

science, in which all the technical schools

are alike engaged, is better than the success
of any one school. It is only declared that

the material resources of each institution,

whether greater or less, are truly valuable

or not, to it, and, through it, to the public,

according to the purposes for which and the

spirit and energy with which £hey are wield-

ed.

Lastly : if only for the sake of doing

honor to one of the ornaments of New York
State, and, indeed of the Nation, it must be

noted that scientific schools, like others,

differ, as existing either on the principle of

reciprocity, by which the student pays a sum
partly, at least, representative of what the

training received is worth to him ; or on

that of benevolence, by which the pure,

earnest, and capable youth, who is appoint-

ed to do battle with poverty, is helped, by
his stronger brother, to those things which

are beyond the compass of his purse, but

not beyond that of his mind.

The Rensselaer Institute heads the list of

the former class of schools, by the high

tuition which its uncompromising thorough-

ness enables it, and its lack of any invested

endowment compels it to demand. The
Cooper Institute of New York nobly re-

presents, in the scientific field, the agencies

which exist to give, to the struggling, a fair

footing in life.

These radical grounds of distinction among
schools, have so multiplied at our pen point,

while it has traced them, that there is little

space left in which to discuss actual examples,

in the light of these distinctions.

We take the Institute at Troy as the best

representative example, because, it is not

only the oldest and best known in the coun-

try, but is also the ripest for a new reor-

ganization. Founded as early as 1824, it

has had upwards of four hundred graduates,

nearly three hundred of whom are living, and
many of whom have become, or are becoming
distinguished. It has now in operation,

though not on a large scale, three of its four

proposed four years' courses ; viz., that in

civil engineering, for which it has long been
especially celebrated ; that in mining, recent-

ly established ; and that in natural science.

It only needs a comparatively moderate
increase of men and means to enable it to

meet the growing demand for its published

course in mechanical engineering ; since its

admirable location, in a centre of varied

manufacturing industry, furnishes it with

actual machines at work, in place of costly

cabinets of models, useful as these must
everywhere be, to a certain extent. In its

civil engineering course, also, it illustrates



488 VAN NOSTRAND'S ENGINEERING MAGAZINE.

the superiority of practical examples over

models, when the former can be had. A
score or more of widely different wood and
iron roof and bridge structures are right at

hand, and on such a scale as to invite interest-

ed scientific investigation, or practice in

drafting ; while a noble river, with numerous
islands ; and a sharply defined bordering

hill region, broken by many ravines, afford

such practice in both topographical and
hydrographical engineering field operations,

as cannot so well be had in door yard ex-

ercises, or on prairie levels : In mention-

ing the ripeness of the Institute for a new
re-organization, allusion is made to the fact

that it was mainly a school of National

Science—Geology, Botany, etc.,—until

1849, when it was re-organized as more dis-

tinctively an engineering school, with a

course of two years ; which, by a process of

natural growth, quickly expanded to one of

three, and, soon after, to one of four years.

Also to the fact that, to-day, it is doubtless

the ripest existing school of its kind in

America for a re-organization with a five

years' course, in two main divisions ; first,

an elevated preparatory course in general

science and modern languages, of three

years, to be followed by high and strictly pro-

fessional courses of two years each, for the

degrees already contemplated, and, in ad-

dition, a course in Architecture and Build-

ing, both civil and naval. Such a two fold

five years' course, would doubtless ultimately

expand to one of seven years : All of which
taken in connection with the preceding prin-

ciples, only leads directly to the conclusion,

which it is the main object of this article to

establish, viz., that with the existing number
of unfinished scientific schools in the country,

of which the Troy School, with all its cha-

racteristic advantages and disadvantages, is

but one, it would be far better to develop

to organic completeness these existing in-

stitutions than to further multiply costly

experimental beginnings.

The Wrought Iron Manufacture.—
We learn that anthracite coal slack, and

even sand and ashes, have been substituted

for ore, in the Ellershausen process, with

good results. The decarburization was, of

course effected by the fettling ore; the coal

both separated the particles and increased

the heat, thus facilitating the chemical re-

action ; the ashes and sand probably merely
loosened and divided the mass for the better

action of the fettling.

THE PROJECTED MERSEY TUMEL FROM
LIVERPOOL TO L'lRKENHEAD.

PARTICULARS OF COST—CHICAGO TUNNEL
AND OTHER WORKS.

By Sir Charles Fox.

From the " Quarterly Journal of Science."

As a means of inter-communication be-

tween Liverpool and Birkenhead, a tunnel

beneath the Mersey has been under con-

sideration by leading men on both sides of

the river for upwards of thirty-eight years
;

and when the inconvenience and loss both

of time and money which the want of such

means of transit has ever occasioned are

considered, it is, in these days of increased

facilities, a matter of surprise that, while
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works of real difficulty have been carried

to completion on every side, this obvious

want should not have been satisfied.

There is but one opinion as to the im-

portance of inter-communication between
Liverpool and Birkenhead, and it being ad-

mitted that the great obstacle in the way of

its realization is the doubt existing in the

public mind as to the cost at which it can

be attained, it has been felt that this doubt

can never be overcome unless the nature of

the river bed is conclusively proved.

When this has been done, I am sure that

the construction of a tunnel through the

red sandstone rock under the Mersey will

be found an easy and inexpensive operation,

as judging from the many similar works
which have been executed in this rock dur-

ing the last forty years, (those most anal-

ogous having been tunnels of various di-

mensions, carried on at considerable depth

below the level of the bottom of the river,

with a view of obtaining a more copious

supply of water for the town of Liverpool,)

it has been ascertained that in no material

can such works be effected at so small a

cost as through the very strata now well

known to exist in this locality, the amor-
phous nature of the rock rendering it pecu-

liarly advantageous for tunneling operations.

Tunnels have been made at a low price

through chalk, as that material is readily

excavated ; but from its general looseness

and its consequent tendency to fall, it is

deemed necessary, for the purpose of ensur-

ing safety, to put in brick or stone lining,

and this, as compared with red sandstone,

which generally requires no such lining,

considerably augments the cost ; and it

must not be forgotten that the sandstone,

when excavated from a tunnel in or near a

town, is saleable for use as building mate-
rial, while chalk taken from a tunnel, being

of no value, is more generally run to spoil.

It would appear that one of the most for-

midable hindrances in the way of getting

capitalists to embark their money in making
tunnels under rivers, of which very many
are urgently needed, arises from the dispo-

sition which undoubtedly exists to form an
unfair comparison between such works and
the Thames Tunnel, which, as every one
conversant with the circumstances connect-

ed with it will know, cost a very large sum,
although passing under a river of no con-

siderable breadth. This, however, is no
fair criterion upon which to judge of any
other case. This tunnel was constructed

some forty years since, when the science of

tunnel making was but little understood,

and when it had to be applied upon a very
limited scale, without the advantages aris-

ing from many later improvements, and
without the extensive experience derived

during the last forty years from works of

this nature, required in the development of

the railway system all over the world.

This makes a comparison deceptive, to

say nothing of the Thames Tunnel having
to be constructed under all the difficulties of

passing, not through London clay, which it

would have done had it been placed a few
feet deeper, but through the treacherous and
loose silt and gravel of the bed of the river

Thames, while the tunnel which forms the

subject of this paper will pass through solid

rock.

To attempt to draw a comparison between
this project and the Thames Tunnel is but
to show an entire want of acquaintance with

the relative circumstances of the two cases,

for it must be borne in mind that the Act
authorizing the construction of the latter re-

ceived the Royal Assent on June 24, 1824,

more than forty-four years since, and that

the tunnel was not opened for passenger

traffic till March 25, 1843, having occupied

a period of eighteen years and three-quart-

ers in arriving at completion.

Were this work now taken in hand by an
engineer possessing the experience obtained

in constructing tunnels since the period

above referred to, taking care to place his

work deep enough to let it pierce only the

London clay (to have done which the pre-

sent tunnel ought to be fifteen feet deeper

than it is), no doubt the entire work could

be completed for little more than a tithe of

the cost (which was £454,700), and need not

certainly occupy a longer period than two
years, as is proved by the following facts

:

The excavation for the Thames Tunnel
commenced in December, 1825, and all went
on satisfactorily until May, 1827, when the

upper portion of the works protruding above
the London clay into the gravel and silt of

the bed of the river, the first irruption of

water took place, there being then a length

of 545 ft. of the tunnel constructed, which
had been done in a period of seventeen

months ; so that, had no casualty occurred,

and assuming that the rate of progress was
not, as it no doubt would have been, aug-

mented by the natural increase which al-

ways follows a better knowledge of any
work, the whole 1,200 ft. would have been
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completed within three years and two
mouths ; and this, be it remembered, would

have been the result if made wholly from

one end ; whereas, with the present increas-

ed facilities and knowledge of the operation,

it would have been carried on from both

sides simultaneously, when, even at the then

slow rate of progress, the time would be re-

duced to one year and seven months ; so

that there can be no doubt that, with pre-

sent appliances, the work of the tunnel

could, with perfect ease, be completed in

oue year and a quarter ; and taking for the

shafts and other matters, say, half a year

more, the whole could with convenience be

accomplished in one year and three-quarters.

In order to clear up every doubt, I pro-

pose, at an estimated cost of £20,000, to

drive a heading under the Mersey from

shore to shore, a distance of 1,300 yards,

and thus not only to prove the practicable

nature of the larger and more complete un-

dertaking, but also the future cost, while at

the same time providing the necessary drain-

age and ventilation for the permanent works.

The first operation will be to sink a shaft

on either side of the river, on land belong-

ing to the Mersey Docks Board, to a depth

of about 1'20 ft. below the surface (see plate,

lower figure). The shaft on the Liverpool

side will, for a depth of say 40 ft., pass

through made ground, and will then enter,

and for the remainder of its length be en-

tirely through, the solid rock. That on the

Birkenhead side will be in solid rock

throughout. These shafts will be about ten

feet in diameter, and will terminate in large

sumps for pumping purposes. At each end

will be erected permanent pumping engines

and pumps of sufficient power to deal with

the largest quantity of water that is likely

to be met with, and which pumps will not

only be used during the construction of the

works, but be adapted for keeping the main
tunnels permanently free from water.

Winding engines will also be erected of suf-

ficient power, not only to deal with the ma-
terial excavated from the heading, but also

with that from the tunnel itself.

The shafts having been sunk to the full

depth, and the machinery fixed, the heading

will be commenced from either end, and

driven much in the same way as an ordinary

mining water level. It will have a very
slight rise towards the middle of the river, so

as to drain both ways into the shafts. Judg-
ing from experience, I expect that at least

four yards lineal a day will be driven at

either end, giving a total of 160 working
days, or thereabouts, for the completion of

the heading after the shafts are sunk. I

have taken much pains to collect evidence

as to the nature of the rock through which
the heading will pass, and have found every

one conversant with the subject unanimous
upon the point. The general result of my
inquiries and observations cannot be more
forcibly explained than by the following

summary of evidence given before the Re-
ferees of the House of Commons in 1865.

The late Mr. Thomas Duncan, then en-

gineer to the Liverpool Waterworks, stated

that he knew well the nature of the rock,

which is not very porous. He did not

think the quantity of water produced from
the rock at Birkenhead and Liverpool would
make the tunnel a difficult work of con-

struction, and he did not believe there

would be any difficulty in carrying it

through, so far as water is concerned. He
considered that the "faults" existing in

the sandstone rock, and shown on the geo-

logical map, were advantageous, as he had
cut through many of then 1

, (having excavat-

ed in the red sandstone at various points

over sixty square miles), and had nearly al-

ways found them filled up with a species of

concrete, which was perfectly water-tight.

In a few instances, however, he had found

them filled with laminated rock, having a

saccharine appearance, and evidently having

been subjected to a great heat, and yet

water-tight.

Mr. James Abernethy, C. E., stated that,

having been engineer to the Birkenhead

Docks, he had large experience of the sand-

stone rock, of the same character as the

rock excavated from the Birkenhead Docks,

which is a close, compact, strong stone, suit-

able for building purposes.

Mr. John Fowler, C. E., stated that in

framing his estimates he had well consider-

ed the question of possible faults in the

rock, and, on the whole, preferred to have

faults of the character known to exist in the

red sandstone at Liverpool and Birkenhead,

as they, being impervious to water, back up
and limit in area the water contained in the

interstices of the rock. The faults are filled

either with clay or with some vitreous ma-
terial. Mr. Fowler further stated that he

considered red sandstone at all times the

best material to construct tunnels through.

Besides the above testimony, there is the

further fact that Mr. John Hawkshaw, C.E.,

F. R. S., proposes to construct a tunnel un-
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der the Mersey, near its mouth, where the

river is very wide and the character of the

rock less certain ; and it is therefore evident

that engineers of eminence are agreed in

considering the work of making a tunnel

thoroughly practicable, and that at a mode-
rate cost.

As much doubt has been expressed as to

the possibility of driving the heading for

any such sum as £20,000, I would remark
that the Trustees have before them a tender

from a responsible contractor, who is pre-

pared to undertake to complete the work
considerably within that amount, finding all

necessary plant and machinery, and giving

approved security to the extent of £5,000.

Again, the chief item in the cost of this

work is that of excavation, and the engi-

neers already mentioned, and who gave evi-

dence before the Referees, were agreed in

considering 9s. a cubic yard an ample price

for this work in the tunnel, including all

possible contingencies, being, in fact, three

times the cost of similar work under ordi-

nary circumstances. I have, however, taken

20s. per cubic yard for the excavation in the

heading, which I believe to be far more than

it can cost.

That a tunnel, or, as it is called, a sub-

way, can, in the estimation of those compe-

tent to form an opinion, be carried under

the river Thames at a very small cost is, I

think, proved by the fact that Parliament,

last session, passed an Act for the " Lower
Subway" proposed by Mr. P. W. Barlow,

F. R. S., C. E., son of the highly talented

Professor of Mechanics of that name, the

capital for which is but £12,000, with power
to borrow £4,000.

This work is now in course of construc-

tion, and is to consist of an excavation

through the London clay 440 yds. in length,

lined with east iron cylinders %" thick, with

strengthened flanges, whose external diame-

ter will be 7.If", or 7 ft. inside. At each

end there will be a vertical shaft between
50 and 60 ft. deep, fitted with lifts for the

purpose of raising or lowering passengers

from and to a saloon carriage, which will at

very frequent intervals pass through the

heading for the conveyance of passengers.

From each end the subway will fall to-

wards the center of the river at an inclina-

tion of about 1 in 40, to a level under the

river, where the rails will be at a depth of

61.6 below Trinity high water mark.
With regard to the above, it may no

doubt be said that it is as yet only a matter

of estimate ; and though given by an engi-

neer of standing, and approved by Parlia-

mentary committees—one of whose special

duties it is to investigate the estimates, for

the purpose of testifying to their sufficiency

—yet the estimates might prove fallacious.

I now, therefore, proceedto give the cost of

an important work at Chicago, completed
some time since, and in many respects anal-

ogous to the one of which I am treating, but
beset with some difficulty not to be encoun-
tered in passing under the Mersey, arising

in great measure from the more uncertain

material through which the heading had to

be driven ; that at Chicago being clay, and
that at Liverpool red sandstone—the one
being driven for two miles, or 3,520 yards,

under Lake Michigan, the other only 1,300
yards under the river Mersey.

The Chicago tunnel was made by Mr.
Cheeseborough, C. E., engineer to the mu-
nicipality of Chicago, for the purpose of

obtaining a more ample supply of pure
water for the inhabitants of that important
city, from a point beyond the reach of sew-
age contamination ; hence its great length.

This work, embracing as it does two miles

of heading, carried through clay, lined with
two rings of brick-work, including a sum of

$120,000 expended on the two shafts and
the appliances connected therewith, cost

$380.,000, or £76,000.
The above amount spread over the 3,520

lineal yards of heading, gives £21 lis. as

the cost of each lineal yard, and deducting
therefrom £7, the value of the additional

excavation, centering and brick lining (not

found necessary in tunnels in the red sand-

stone), it will bring the price per lineal yard
to £14 lis., without taking into account the

more than double value of labor at Chicago,
which has unfortunately greatly augmented
the outlay upon this work.

Now, £20,000 expended upon 1,300 lineal

yards of heading under the Mersey, gives

the price for each £15 5s., so that, in draw-
ing a comparison between the two works, a

greater sum has been taken in the estimate

for the one than has been actually expended
on the other, and this is assuming the price

of labor to be the same in both instances,

which, however, is by no means the case,

that at Chicago being very high.

I may here allude to a very interesting

and instructive work, also very analogous to

that proposed under the Mersey, which has

been carried to a satisfactory conclusion at

Attock, on the Khyrabad Pass, in India.
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It consists of a heading 600 yards long, 6 ft.

sq., driven under the river Indus, through

a roek which forms its bed, at a depth of

somewhat overj 90 ft. below the surface of

the flood water.

It has been carried on by a few laborers,

under the charge of Mr. Robinson, who
have succeeded in filling up the fissures they

met with during the operation by simple

"feather" wedging of wood, and have, by
this expedient, been able to keep back all

the water which otherwise would have flow-

ed into the heading with a force due to the

whole superincumbent column.

The cost of this woi'k has been about

£13,000, and spreading the whole outlay

over the 600 yards, brings out the cost to

about £21 14s. per yard, which goes to

prove that had the labor expended upon it

been paid for only at English prices, it

would have been executed at a considerably

smaller cost than that arrived at by esti-

mate for making the heading under the

Mersey.

I have lately constructed a water level

nearly one- third of a mile long, through

harder rock, yet far less compact and more
broken up, having much larger feeders of

water than any to be expected in the red

sandstone. In driving this heading and the

shafts connected therewith, single feeders

were met with yielding 1,000,000 gallons

per diem, yet these were dealt with without

serious difficulty or expense, the cost not

having been one-half that estimated for the

Mersey work.

In driving the heading a boring-rod would,

as is usual in water-bearing strata, be kept

ahead of, and at the top of, the work, and
thus due notice would at once be given of

any unusual feeder of water, should such
exist.

All ordinary cracks in the sandstone are

readily made water-tight by the use of a

"feather" wedge of timber tightly driven

into them. If a large crack were met with,

containing water (a most unlikely thing, as

has been already shown), a lining of iron

would be put into the heading, and pushed
forward as the excavation proceeded, until

the fault was passed.

The heading will be circular, and six feet

in diameter.* It will, when completed, be
available not only for draining the tunnels,

but for telegraphic purposes, and probably

* See Plate. It is unnecessary to give any detail-
ed description oi' the Plate, as it explains itself.

also for conveying water from the Welsh
lakes to Liverpool, thus avoiding a length-

ened detour and most expensive works.
The heading having been successfully

driven, I am confident that there will be no
difficulty in letting a contract for a double
line of railway under the river Mersey for

£100,000, which would, indeed, give a price

of £77 per lineal yard of tunnel—the work
being through good hard sandstone, and
thoroughly drained by means of the head-
ing ; whereas, £60 a lineal yard is a large

price for tunnels, even through clay, where,
of course, heavy lining, including an invert,

is required.

The river tunnel being completed, the re-

maining works necessary to bring the two
towns of Liverpool and Birkenhead into

complete communication with each other
will be of a very ordinary kind, and free

from any unusual contingency.

Under the existing Parliamentary powers,
the railway can be completed in a direct

line from Church st., Liverpool, to Wood-
side, Birkenhead, with an intermediate sta-

tion at the bottom of James st., and by it3

means, and by trains running every few
minutes, passengers will be conveyed be-

tween the termini in six minutes. The au-

thorized line runs entirely either under the

river or under streets, and not a single house
will be taken for the railway itself, and only
one or two for station purposes. The rail-

way can be readily constructed without in-

terference with the traftie of the streets.

The main line will be double, with extensive

sidings for goods, in direct communication
with the dock lines on either side of the

river.

Surveys have been completed of exten-

sions, whereby the Mersey Railway can be
made to form a direct connecting link be-

tween the important railway systems on
either side of the river, and this at a mode-
rate expense, and with the destruction of

hardly any property.

The effect produced by the opening of

this railway will be very great. The docks
of Liverpool and Birkenhead, now under
the same management, form the noblest em-
porium of trade in the world, but their joint

usefulness is much impaired by the want of

satisfactory communication between the two
sides of the river ; and the immense re-

sources of Birkenhead, developed at a cost

of £7,000,000 sterling for docks alone, are

lying comparatively idle, whilst the quays
and docks on the Liverpool side are flooded
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with a trade increasing daily, and already

over-tasking their capabilities.

More dock and quay accommodation must
be found. On the Liverpool side, to con-

struct fresh docks, either north or south, is

to place them miles away from the center of

trade—at the north, in a very exposed situa-

tion, almost unapproachable in heavy wea-

ther ; at the south, only available for ves-

sels of comparatively small draught—what
then so natural as to utilize the expenditure

at Birkenhead, now yielding but a nominal
return, but which, with the Mersey Railway
completed, would be placed in a very differ-

ent position. The Birkenhead docks and
warehouses would then, as regards both pas-

sengers and goods, be placed within a few

minutes, in all weathers, of the heart of

Liverpool.

The immense traffic to be expected under

such altered circumstances may be inferred

from the fact that with the present imper-

fect means of communication, often brought

almost to a standstill by a fog or a gale of

wind, twenty millions of passengers, at least,

pass over the ferries annually.

The Cheshire side of the Mersey abounds
with pleasure sites for residential purposes,

and not only New Brighton, but many other

places would experience an immediate in-

crease if railway communication were estab-

lished. Thousands of persons who would
prefer a residence on that side, are at pre-

sent deterred by the difficulties of the daily

crossing to their places of business.

The construction of this railway and its

extensions, would also place Liverpool in

direct communication with North Wales and
Holyhead.

Liverpool, Birkenhead, and their sur-

roundings now contain at least seven hun-

dred thousand inhabitants, and the steady

increase of population renders means of com-
munication every day more urgent.

If this railway be not soon completed, an

immense expenditure must be incurred to

improve the approaches to the landing

stages, which will, after all, not get rid of

the most serious inconveniences connected

with the ferries, which are chiefly caused by
fogs and storms.

Those who have interested themselves in

the Mersey Railway are in earnest in the

matter, and if they meet with but moderate
assistance from those locally concerned,

Liverpool and Birkenhead will soon be con-

nected by a direct railway.

THE DYER COURT OF INQUIRY.

The Court convened last November to in-

j

vestigate the official conduct of Gen. Dyer,
has made its report to the Secretary of War.
The investigation extended over a vast

amount of details, and was exhaustive on
those points in respect to which the accused
had been condemned by the Congressional

Investigating Committee. All possible lati-

tude was given to the accusors in the matter
of evidence, they being allowed to produce
both oral and documentary evidence, and
permitted to appear and to be represented

by counsel. Several of them were heard as

witnesses in support of the allegations, and
"it is believed that no evidence offered ha3

been excluded, which could possibly have
shed any light upon the questions involved,

or which would have affected the decision of

the Court." The high character of the

members composing it, viz., Gen. George
H. Thomas, President, and Generals Terry
and Hancock, members, and Gen. Joseph
Holt, Judge Advocate, makes the decision

unquestionable, and will settle all doubts

in the minds of unprejudiced readers. The
Court acquits Gen. Dyer of all the charges

against him. The charge of receiving a

royalty for the purchase of Absterdam pro-

jectiles was not sustained by the Court, its

only foundation being a remark made by
Gen. Dyer, to the effect that if anybody
was entitled to a royalty, he himself was.

The Court say that " the remark, if ever

made by Gen. Dyer, was made to Mr. and
Mrs. Dickson, some time after the only order

ever given by him to Dickson & Lane had
been issued. [This order was only partially

filled.] The whole conduct of Gen. Dyer
in reference to this contract and the pay-

ments thereon seems to negative the idea

that he had a corrupt motive in giving the

contract, or became in any manner interest-

ed in it. The evidence as to Gen. Dyer's

assertion in the matter of royalty, was either

the pride of an inventor, or a desire to pro-

tect the interests of the United States. It

is established by the testimony that he al-

ways held the opinion that the Government
should, of right, have the privilege of using,

free of charge, any invention that might be

made by an officer in the public service, and

that he had acted upon this principle when,

in 1861, the temptation was presented of a

large sum offered to him for a patent right,

to be taken out by him on a shell of which

he seems to have claimed the invention, to
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be then transferred to other parties. He
,

declined to do so, alleging that if the inven-

tion was of any value, the use of it belonged

to the Government, and "there was not money
enough in the country to buy it of him."
With reference to the charge that the dis-

placement of Gen. Ramsay, and the appoint-

ment of Gen. Dyer had been procured by
an intrigue, in which officers of the Ord-
nance Department were concerned, the

Court finds from the evidence, and especial-

ly from the testimony of Secretary Stanton
and Asst. Secretary Watson, that it is with-

out foundation. " Mr. Stanton stated that

Gen. Dyer never solicited the position from
him, but ' that he ordered it of his own no-

tion,' and that he does not think that any
human being knew of his determination to

appoint Gen. Dyer, until after he had con-

cluded to recommend him to the President,

except himself and Assist. Secretary Wat-
son." Mr. Watson testified that the Presi-

dent told him "that he had concluded to

nominate Gen. Dyer to the position, not

upon any political or personal consideration,

but solely with reference to his professional

merit, and the requirements of the service."

The findings of the Court are equally ex-

plicit upon the other points charged, and
the whole country will not only congratulate

Gen. Dyer upon the triumphant vindication

which his own conduct has received, but
will congratulate itself also upon finding

such integrity in one of its most responsible

public servants. D.

MINING NOTES.
From the " Quarterly Journal of Science."

The project for organizing a Colliery In-

surance Company, to embrace a provision

for the survivors of those killed in colliery

accidents, and to reimburse the colliery pro-

prietor or worker for any loss accruing to

his property, is again exciting attention. A
letter has been published by Mr. Stephen
Sleigh, of Austin Friars, which clearly

shows the practicability of such a system of

insurance. We learn from this letter that

the value of the colliery property of Great
Britain is estimated at £70,000,000 sterling.

The production of coal is at present 104,-

000,000 tons per annum, and in obtaining

this, on the average of ten years, 1,000 lives

are lost in each year. It appears that two
pence per week per man would produce a

fund from which £100 could be given to

widows and children of the deceased collier,

and that a very small premium, varying of

course with the district, would secure the

insurer from any serious loss to his proper-

ty. As active measures are about to be
taken to establish this most important prin-

ciple, we content ourselves at present by
directing attention to the movement.

Coal in the Colorado district is a matter

of great importance. According to the

"Denver News," General Pierce stated to

the Board of Trade that besides the bed of

31 in,, discovered near Fort Supton, on the

Platte, there were also two beds on the

Cache-la-Poudre. One of these beds was
4 ft. thick, and the other about 18 in. The
" Salina Herald" says that in digging a

well on the east side of the Smoky Hill

River—less than two miles from town—

a

bed of good bituminous coal, 18 in. thick

and about 20 ft. below the surface, was cut

through.

Coal mining in France has, during the

past year, been particularly active. This

will be seen from the following statement of

the production during each of the last six

years

:

Tons (statute).

1863 10,516,752

1864 11,001,249
1865- 11,785.714

Tons (statute).

1866 11,807,142
1867 11,975,164
1868 12,345,000

The colliers of Belgium have not exhibit-

ed the same progressive increase. From the

report of Mr. F. Iocham, Director of Mines
in the Province of Hainault (which is the

last published authority on the production

of coal in Belgium), we learn that to the

end of 1867 the production was as follows :

1865. 1866. 1867.

Hainault 9,206,058 9.831,424 9,595,280
]Mamiir 305,754

'

358,687 389,586
Liege 2,328,911 2,564,551 2,770,956

Total of the king-

dom in metri-

cal tons 11,840,723 12,754,662 12,755,822

The copper mines of Africa have of late

years been attracting considerable attention.

The copper lodes in the Insiziva Mountain,

about twelve miles from the southern boun-

dary of Natal, are remarkable. Some com-
paratively small workings have been carried

on about 80 miles from Port St. John. The
deposit here is described as about 18 ft.

thick by 2| ft. in depth. From this descrip-

tion it is evidently not a vein but a bed. This

is clearly in a state of decomposition, since

it is said that ore is replaced by a yellow

ocherous deposit (gossan of miners) contain-
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ing nodules of very pure carbonate of cop-

per or malachite, varying in size from a pea

to masses of 10 or 15 lb. weight. Some
miners from D'Urbau penetrated deeper

into the mountain, and again found a simi-

lar deposit. Portions of considerable masses

have been found to contain as much as 56

per cent of metal, the average, however,

being from 30 to 40 per cent. Silver was

found to the extent of 5.30 ounces to the ton

of copper, and a trace of gold was detected.

Chromium is stated to have been discov-

ered in large quantities in Maryland and

Pennsylvania. Chromate of iron, of fine

quality has also been found in Victoria.

We understand samples of this mineral and

antimonial ores, of good quality, have been

shipped to this country with a view to de-

termining their real commercial value.

In a cave in the mountain of Gralenstock,

which it is well known separates the cantons

of Berne and Urich, a valuable deposit of

topaz has been recently found.

Tin mines in Siam are, on the authority of

the " Journal of the Society of x\rts," about

to be worked. We quote the paragraph :

" Another tin district is about to be

opened at the Isthmus of Kra. The im-

mense value of the tin workings at Junk,

Ceylon, or Phuket, supposed to be not less

than 150,000 tons per annum, has incited a

Chinese merchant to propose the active de-

velopment of the Kra mines, and as tin is

supposed to abound .along the whole range

of the Malay peninsula, there are many who
believe in his success. He is to have the

government of the district to enable him to

carry out his designs. The river of Kra is

the southern boundary between British Bur-

mah and Siam."

Seeing that the annual production of tin

is as follows

:

Tons.

England 7,296

Banca 4,260

Billeton 1,900

Other parts 3,000

Total 16,456

—the 150,000 tons said to be produced at

Junk is an evident absurdity. During the

past year the Chinese merchants have been

the largest buyers of British and Dutch tin,

to which circumstance we owe the rapid rise

in the price of tin which has lately taken

place. This proves that they have not any
great expectation of very considerable pro-

duction of this valuable metal nearer home.

The prominence which has been given to

technical education has led to a proposal to

found a Professorship of Mining in the Uni-

versity of Glasgow ; and a deputation has

been in communication with Professors

Ramsay and Huxley, of the Royal School

of Mines, on the question of establishing a

mining school in Wales. The experiments
made already in Glasgow, at Bristol, and by
Sir Charles Lemon, and others, in Cornwall,

should teach the lesson that it is quite im-

possible for the miner to attend any fixed

central school. The only practical and use-

ful system of imparting instructions to the

miners is that—adopted with great success

by the Miners' Association of Cornwall and
Devonshire, and by Mr. Dagliesh, in the

neighborhood of Seaham— of sending the

teacher to the miner, and giving him the

advantages of a school of mines in the very

midst of the district in which he labors.

Gold.—The Nova Scotia gold fields have

produced during the past three years as

follows :

Ounces.
1866 25,204

1867 27,314

1868 20,733

The production of the quartz rocks of

Merionethshire has fallen to 490 ounces in

the period between October 1st, 1867, and
December 31st, 1868.

There has been a small rush to certain

gold fields in Sutherlandshire. On a dis-

trict not far from Helmsdale, which was
known only to a few sportsmen and shep-

herds, recognized as the Kildonan Burn, a

regular system of " diggings " has been or-

ganized, and the burn has been christened

as " Gold Creek." The results are not,

however, satisfactory, since it appears that

the most industrious gold-seeker cannot re-

alize more than five shillings a day.

The Heaton Process.—Considerable

differences of opinion still prevail as to

the value of the Heaton steel-making pro-

cess noticed in our last number. We have

carefully read and considered all that has

been said in favor of the process, and

against it. We are not by any means satis-

fied with the tone which has been assumed by

those who have entered on the discussion of

the question. Indeed, it is to be regretted

that many of the statements which have

been copied from paper to paper should ever

have been made at all. They are obviously

not consistent with our knowledge of the
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chemical changes effected in a mass of iron

when subjected to the action of nitrate of

soda. We have been informed by one of

the largest of the Sheffield steel manufac-

turers, that, while he waits to see the result

of a continuance of the experiments carried

on at Langley Mills, before he adopts it, he

is strongly predisposed in favor of the pro-

cess ; that he regards it hopefully, and, we
are bound to say it, that he is greatly pleased

with the liberality and openness observed

by Mr. Heaton. With these remarks,

which we introduce mainly to convince our

readers that we are not inattentive to the

experiments in question, we leave the

Heaton steel process until its more com-
plete development removes it from the

doubful position in which it has been placed

by injudicious advocacy.

A discussion of some interest in connec-

tion with the Heaton process has been
opened in the pages of " The Chemical
News." It arises out of a paper read be-

fore the Chemical Society, by Dr. B. H.
Paul, on " The connection between the Me-
chanical Properties of Malleable Iron and
Steel, and the amount of Phosphorus they

contain." Mr. W. Mattieu Williams, of the
" John Brown & Co. Limited " Works, Shef-

field, argues that Dr. Paul has shown an im-

perfect knowledge of his subject. That al-

though Dr. Paul's conclusion that 0.50 per ct.

does not impair the quality of steel, is cor-

rect when it applies "to tenacity as measur-
ed by a direct and gradually applied longi-

tudinal or axial strain" yet that it is abso-

lutely wrong when it is made to refer to

steel which is to be employed for cutting in-

struments of any kind. " It is obvious that

the power of resisting a sudden, a vibratory,

and a transverse shock is the property most
demanded," and that here the smallest

quantity of phosphorous is highly injurious;

" this is just the property which phosphorus

tends to destroy."

—

Quarterly Journal of
Science.

COMMUNICATION BETWEEN PASSENGERS
and Guards.—Under the provisions of

an Act of Parliament, passed last session,

all trains running distances of twenty miles

or more, without stopping, must, after April,

1869, be supplied with some sufficient means
of intercommunication between passengers

and guards. With a view to test the differ-

ent means for accomplishing this object,

some experimental trips were undertaken on
the line between York and Scarborough, at

the latter end of November last, and on the

London, Chatham and Dover Railway, be-

tween London and Seven Oaks, during the

following week. Three systems have been
proposed for the purpose, viz: 1. The rope

pulls, which is the oldest of them all. 2.

The electrical signalling system, of which
there are many varieties, and some of them
have already been in use for a length of

time on the various lines of railways ; and,

3. The pneumatic system, which, whilst it

is the newest, is also in many respects the

most efficient. Space will not admit of our
giving a detailed description of the several

systems that were submitted to trial. The
principle of the rope and electric bell sys-

tem will probably be well known to most of

our readers, and we shall not therefore

make further reference to them here. The
pneumatic system, being novel, may, how-
ever, claim a brief notice. The signaling

apparatus consists of a heavy gong upon the

engine or tender, and a smaller one in the

guard's van. Both these gongs are struck

by hammers, which receive direct motion
from the train when a signal is given.

When no signal is passed from passengers or

others, these hammers are kept away from
the gongs, and they are put into gear in the

following manner. A tube runs along the

whole train, beginning at a pump in the

tender, passing from carriage to carriage,

and ending in a plug at the back of the

train. This pipe, which is worked by the

machine, keeps pumping the air out of the

pump, and sustains in it a partial vacuum.
Underneath those vehicles, which are -sup-

plied with gongs, there are shallow cylinders

in connection with the vacuum tube, from
which, the air being exhausted, their pistons

are drawn backwards, and pull thereby the

striking portions of the bells out of gear.

Over each compartment a T-piece is insert-

ed in the tube, and a plug is fitted into its

lower stem so as to keep the tube air-tight.

The passengers give signals by pulling out

these plugs, and this, breaking the vacuum,
causes the bells to fall into gear.

That the pneumatic principle possesses

many advantages over the other two, both

as to certainty of action and from its non-

liability to be tampered with, is beyond a

doubt ; but the committee of Railway Man-
agers have nevertheless recommended the

rope system, probably on account of its

cheapness, and their recommendations have

been accepted by the Board of Trade.

—

Quarterly Journal of Science.
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PAPERS ON CONSTRUCTION.

No. II.

By Lieut. C. E. Duttoit.

(Continued from page 311 )

13. Resuming the expression derived,

Sec. 9, from the consideration of the resist-

ance of a cross section to rupture by a

transverse force, viz : / x2 dx, and not-
x J

ing that the resistance to compression is

equal to that to extension, so that the ex-

pression becomes j' j x2 d x, and sub-
•2sb r

stituting d =2 x, and integrating

2sb r , j 1R = x" dx= -r- s b d2
, and the

moment of inertia M= ^-s b d3
.

These equations are founded upon the

assumption that the beam has a symmetrical

section with reference to the neutral axis.

In cases where the cross section is otherwise,

the position of the neutral axis remains to

be determined. Since the moments on both

sides of this axis, whatever its situation,

must be equal and opposite, this axis must
pass through the center of gravity, for no
other condition will satisfy such an equa-

tion of moments. The only obvious method
of determining such a case seems to be to

resolve the cross section into a number of

geometrical figures, the positions of whose
centers of gravity with reference to the

center of gravity of the whole mass may
be readily determined, and thus find the

moment of inertia of each component figure

with reference to the neutral axis of the

section. The whole moment will be equal

to the sum of the moments of the compo-
nents, and the moment of any component is

equal to the moment of its area with refer-

ence to its own neutral axis, added to the

product of its area into the square of the

distance between its own center of gravity

and that of the whole section. Let A! =
'the area of a subdivision, m' its moment of

inertia with reference to its own neutral
axis, and x' the vertical distance between its

center of gravity and that of the section

;

then the moment of the whole section

M= l.m' + SA'x'2
.

The following example is given by Prof.
Rankine for calculating the strength of the

Hodgkinson beam. It is assumed to give

Vol. I—No. 6.-34.

way by the tearing of the lower flange. The
following are the dimensions :

Area. Depth.

Upper flange, A' h'

Vertical web, A" h"
Lower flange, A'" h'"

Total, A'-\-A"-\-A'" = A, k'-\-h"+h"' =h.

The determination of the position of the

center of gravity will show the distance of

the neutral axis above the bottom to be

, _ h (h"-\-h'")A>"— (h'+h")jl l—(h!"—h') A'
'

X ~^ 2 A
and the moment of inertia of the section

M_ A<h>
2+A"+k» 2+A<»hii>\ 1_ ..,

12 *\A <

A"'{h'-\-h'"-\-1 h"y-\-A lA r'{h
l+h2y+A"Ai"

and the moment of resistance

x'

14. The formulae of transverse strength

thus deduced are in conformity with those

obtained by the best authorities on this sub-

ject. Mr. W. H. Barlow, however, has

shown conclusively that there enters into

the strength of beams another factor not

hitherto discussed, and which is dependent
on the resistance of the beam to flexure. It

was found in the case of cast iron beams
that the calculated force was less than half

the force actually necessary to rupture the

outer fibers of a beam, and in speculating

upon the cause he was led to think it prob-

able that the effect of the lateral action of

the fibers or particles of a beam, or the co-

hesion of successive laminae, constituted a

resistance to flexure. To test this theory,

which assumes that there is a resistance in-

dependent of direct tensile and compressive

resistance, and varying as the deflection,

there were cast a number of girders with

rectangular openings (like Fig. V), all hav-

Fig. V.

DD-DDDD
ing the same sectional area in the upper and
lower ribs, but the distances varying between
them. In these girders the neutral axis

would necessarily be in the center, and the

circumstances of rupture would be the same
in all except with respect to flexure.

Let a — the united area of the upper and
lower ribs, a' the area of the intervening

space, d the total depth, c the distance
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between the upper and lower ribs, I the

leno-th of bearing, W the breaking weight,

and F the force required to produce rupture

in the extreme outer particles or fibers.

Then a-\-a' = the total area of section, and

rir 2 d F , . A 2 c a 1

c F 2 F

( , | A 7
a' c" ) 2F a I

, ,
, c2\

and hence the value of F becomes

3 IWF =
2a{d+c+s

d
.*

)

and if the strength

depended only on the direct tensile strength,

F ought to be constant and equal to the

direct tensile resistance of the material,

which in the beam used was about 18,750

lbs. It was found, however, when the beams
were subjected to breaking weight that the

value of F was much greater, and showed
a close relation to, and probable dependence
upon the amount of deflection. Other ex-

periments upon solid beams gave similar re-

sults. Finally, a series of experiments was
made upon beams having the same total

depths, but with variable depths in the

openings. These beams would have nearly

the same amount of deflection when sub-

jected to a breaking weight. They showed
very conclusively that when the deflection is

the same the resistance increases where the

depth of metal in the beam is increased.

These experiments then elicited the fol-

lowing facts as regards beams formed of

parallel bars, separated at given intervals

by vertical ribs.

1st. That in every case the resistance, or

the value of F, is greater than that due to

the tensile strength of the metal.

2d. That with the same depth of metal

in the beams, and the same bearing, the re-

sistance is greater when the deflection is

greater.

3d. That with the same deflection and the

same length of bearing, the resistance is

greater when the depth of metal is greater.

• It follows then that there is an element

of strength depending on the amount of de-

flection in connection with the depth of

metal in the beam, or, in other words, de-

pendent upon the degree of flexure.

Now, if from the value of F the tensile

strength of the metal is deducted, it will be

found that the remainder maintains nearly

a constant ratio in each case to the depth of

the metal multiplied by its deflection. It

would appear then that F is composed of

two factors, one constant and depending

upon the resistance to direct tension, the
other varying directly as the degree of
flexure.

Let </>•= the resistance to flexure in a
solid beam at the time of rupture, D = the

depth, d= the deflection, f= the tensile re-

sistance, and F — the total resistance. Then
in a solid beam F—-f-\- </>. Also let F\ d'

and D' represent the total resistance, deflec-

tion and depth, of a beam with an open sec-

tion ; then the resistance arising from lateral

action varies as the depth into the deflection,

and
T)' rV

a)

The value of </> may be determined
from this equation in two ways, first by sup-

posing f to be a constant quantity, and, se-

condly, by supposingf and to have a con-

stant ratio. Adopting the second mode, let

1 to 7)i represent the ratio of f to 0, then,

D' d'

f— m <p, and m (p -J- Dd F',OT

m -\-
D' d'

Dd
(2)

which ought to be a constant quantity in all

experiments. The forms of beam employed
in the experiments were of two kinds, solid

rectangular bars and open beams or girders,

both of cast iron. The value of F in one
solid beam was found to be 41,709 lbs., and
the value of /", from experiments on direct

tension, 18,750 lbs., leaving 22,959 as the

value of 0, so that the ratio of to f was
about 1.00 to .81. The mean of a consider-

able number of experiments gave the mean
ratio as 1 to \.

These results, though not exhibiting com-
plete regularity, were sufficiently uniform to

indicate that the assumed law of the varia-

tion of this resistance is a close approxima-

tion to the truth. In equation 2 ~j=r~r re-

presents the ratio of the depth of metal in

each beam multiplied by its deflection to the

depth of metal in the solid beam multiplied

by its deflection. But the deflections, as

might have been expected from known laws,

were nearly in the inverse ratio of the total

depths of each girder, therefore the degree

of flexure, and consequently the resistance

to flexure in each will be nearly as the depth

of the metal, divided by the total depth of

the girder, and we are thus enabled to ob-

tain a formula for computing approximately

the breaking weights of these girders with-
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out first ascertaining their deflections. Thus,

if af be the resistance due to tension, and

a . i-j— be the resistance due to resistance
a

to flexure, then W'= a (/ -f-

<
^-
1
-

)
will be

the united effect of the two resistances.

The following are the properties arising

from this resistance to flexure :

1st. It is a resistance acting in addition

to the direct extension and compression.

2d. It is evenly distributed over the sur-

face, and consequently (within the limits of

its operation) its points of action will be at

the center of gravity of the half sections.

3d. This uniform resistance is due to the

lateral cohesion of the adjacent surfaces of

the fibers or particles, and to the elastic re-

action which thus ensues between the por-

tions of a beam unequally strained.

4th. It is proportional to and varies with

the inequality of strain between the fibers

or particles nearest the neutral axis, and
those most remote.

15. Taking the equation of the moment
of resistance of a cross section, and putting

it in the form '2 s b f~ or, d z,

substituting <-.- -j-
(f),

and th(

of we have

material is nearly the same in compression
and extension ; the difference being that the

force which overcomes the elasticity, when
applied as a compressive strain, distorts the

material, while in tensile strain the elas-

ticity may be overcome long before the ma-
terial yields by absolute rupture.

16. Deflection of Beams.—Resuming the

bent lever hypothesis, it will be seen that

the effect of the weight at any given plane

of cross section is a tendency to rotate that

plane about a horizontal axis, perpendicular

to the neutral axis. To a very small extent

this rotation actually takes place, the amount
of motion being limited by the elasticity of

the material, or the degree to which the

normal distances between two particles can

be extended or shortened . The planes of

cross section, therefore, cut each other at

the neutral axis. The amount of curvature

at any point will vary as the force applied,

and that force is equal to the weight multi-

plied by the lever arm, or, more concisely,

is equal to the moment of the weight.

Let p I be a layer of a beam deflected by
the weight W, and let x represent the dis-

tance of any point in it from I. Then the

Fig. VI.

PlaCe ~ d -« d

M=2 b fU^—^xdx.
Integrating this between x = \ d, and x =

o, we have the formulaM= \ \\f -\- \ <p) b d'.

If, in the various expressions of the

strength of cross sections of variable form,

in the place of £ s, we substitute the co-

efficient \ {\f~\~ h 0)> we sn all have cor-

rected formulas for this new element of re-

sistance, and much nearer the truth than
those just given. The value of <p may be

deduced for any weight from equation 2.

The foregoing results having been obtained

experimentally from cast iron beams, it

might have been apprehended that the same
would not hold good for wrought iron. The
existence, however of a similar law in the

case of wrought iron beams was practically

demonstrated. But the relative values of f
and </>are not so readily ascertained, because
the material yields by crushing and not by
fracture. Another point requires considera-

tion, viz : that the ultimate compressive
strength of wrought iron is but little more
than half its tensile strength, while in cast

iron the compressive is six times the tensile

strength. But in wrought iron the force

required to overcome the elasticity of the

angles 1 p 2, 2 a;' 3, 3 x" 4, etc., will vary

as the curvature of the beam between the

points of tangency of 1 P and 2 x', of 2 x'

and 3 x", of 3 x" and 4 x'", etc. This will

become clear by referring to Fig. VI, where

P c x' represents the angle of rotation be-

tween the two contiguous surfaces made by

a plane of cross section. Since, as a condi-

tion of tangency, 1 p is perpendicular to p
c, and 2 x' perpendicular to c x', the angle

included by 1 p and 2 x' must always be

equal to p c x' . Hence the angle included

between two tangents will vary as the cur-

vature, which varies as the moment of the

weight. Again, with a given angle made
by two tangents, the amount of divergence

will vary as the length of the tangents, that

is, the farther any two tangents are extend-



500 VAN NOSTRAND'S ENGINEERING MAGAZINE.

ed the more widely they will separate. But
the length of a tangent for small deflections

is equal to x, and the divergence between

any two consecutive ones (denoted in Fig. VI
by the spaces 1.2, 2.3, 3.4, etc.) is the dif-

ferential deflection due to the curvature of

the differential space d x. The deflexion d

D therefore will vary in the combined ratio

of the angle, or W x, and the length of the

tangent, i. e., as Wx2
. Finally, it will also

vary as the length of d x, or as the number
of particles separated or stretched by the

force W x. Taking m = an experimental

constant, we deduce the equation

d D = m W x1 d x, (1)

fd D= Wm fx-dx, (2)

r

and

Thismaking x = I, we have D—W
equation is true, however, only for very

small deflections. But as small deflections

are the only ones to be encountered prac-

tically, this will be found sufficiently near for

practical purposes. The expression W x,

which is the moment of the weight, is called

the bending moment in treating of deflec-

tions.

17. When the beam is loaded uniformly

the expression for the bending moment is

altered. If the point x be taken as before,

the bending force exerted at that point will

be that due to the weight between x and the

free end, and its moment, since it is uni-

formly distributed, is

—

^— . But obviously

W> =
. W:

Wx
I

and hence the bendins moment

21
(1) becomes

Using this bending moment eq.

dD = m Wx* dx
~2l ' (3)

(4) andfdD== l£Tfx3dx>

making x — Z, we have

D=^WmF (5)

When the beam is supported at both ends,

and weighted in the middle, we may with-

out error consider it as supported in the

middle, and weighted at each end with one

half the weight, in which case x = -^ and

equation (2) becomes

fdT)=\Wmfx*d —- Wml3

48
w m c

' (6)

When the load is uniformly distributed

(6) and

over the whole length, then by referring to

Sec. 7 it will be seen that the moment
of weight, or bending moment, becomes

^- -. Substituting this for W x, in

equation (1), we have

j r, m W x~ (I -x) d xdD = ~ -h—1—
J dD=__y lx'dx--TrJ x*dx (O

making x— % I the expression, reduces to

B =^Wmli
(8).

Since the deflection is usually expressed

in inches, it is advisable in assigning numer-
ical values to /, to reduce the measurements
to inches, so that W I, or the bending mo-
ment, always express " inch pounds," and
thus leave the unit of measurement for de-

flection in its simplest form.

18. Thus far we have treated of the de-

flection only, in its relation to the length

and weight of the beam, and have practical-

ly assumed the cross section of the beam to

be a fixed quantity. It is now necessary to

treat of the relations of the bending moment
and deflection to the cross section. In the

foregoing equations the constant m is in-

tended to be a factor expressing the deflec-

tion of a beam of a given length, and cross

section under a given weight, while the

whole equation gives the deflection of a

beam of the same cross section, but of vari-

able length. When the cross section is

variable, m is no longer constant. But it

still holds a determinable relation to the

breadth, depth, and modulus of elasticity,

which can be expressed in terms of those

quantities. Assuming, then, that m repre-

sents the deflection of a beam of given

length, but variable depth, its bending mo-
ment, W I, will vary inversely as the mo-
ment of resistance of the cross section, that

is, as £ s b d2
. By referring to Fig. VII it

Fig. VII.

will be seen that the angle formed at the

neutral axis, by the elastic yielding of two
contiguous particles, will vary directly as

the bending moment, and inversely as the

modulus of elasticity and the moment of re-

sistance of the cross section. But the ten-

sion on the fiber p x' remaining the same,
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the angle p c x* will vary as p c, or as | d.

Hence the depth again enters the expression,

12
which now becomes m — t^—r~js- But since

hi s b a

j-'^- s b d° is the moment of inertia of the

cross section, we may write

« = jh (1)

-E represents the modulus of elasticity

with respect either to compression or exten-

sion. Taking the equations of the preceding

section and substituting this value of m we
obtain general expressions for loads variously

distributed.

One end fixed and loaded

at the other .

One end fixed and uni- )

formly loaded . .
)

Both ends supported and )

loaded in the middle,
)

Both ends supported and
uniformly loaded .

(To be continued.)

3 E I

D = w r
8E 1

48 El
D =

384E1

(2)

(3)

(4)

(5)

IMPROVEMENTS IN COAL GETTING.

Compiled from " The Practical Mechanic's Journal."

That which has more than anything else

characterized the mechanical progress of our

own times, the steady and increasing substi-

tution of machine agency for human and
animal labor, has not until within a very

few years made much advance in the under-

ground workings of the coal-pit. Some
grand ameliorations have been made, but

much remains to be done ; and so surely as

the sewing machine was the true remedy for

the miseries shadowed in the " Song of the

Shirt," so must the effectual removal of the

remaining ills of coal-pit labor (and of all

other labor of analogous character) be found

not so much in legislation as in the inven-

tion of effective methods for superseding it.

There have been other sufferings in coal-

pit labor besides human ones. Horses are

still largely employed in drawing the
" corves " of coal from the headings to the

bottom of the "drawing shaft." Without
being sentimental, it may be boldly said

that few animal existences can be more un-

natural or unhappy than that of the coal-pit

horse. But the increased depth of work-
ings, the extension of underground " in-

clines," and many other circumstances, all

converging towards the question of " cost,"

have sharpened the wits of coal viewers and
engineers ; and already vast progress has

been made in the north of England and
elsewhere, in substituting steam-power haul-

age underground, by means of the "endless
rope system," for horse labor. Thus, not

universally, but within certain limits, we
see the curious succession of women and
girls as beasts of burden giving way to boys

and men, these to "ponies/' and the last to

steam. Several years have elapsed since

the earliest attempts were made in North-
umberland and Durham to apply mechanical
haulage by one of the four systems under
which it is at present worked, viz., by that

of the single tail rope ; and at least five

years ago we ourselves witnessed, in the

Hetton collierie? the degree of perfection to

which that plan had even then been brought
under the skillful superintendence of the

viewer, Mr. J. Daglish, M. E.
The three other systems now all in use

are, the endless chain system, the endless

rope system—of which there are two modi-
fications, not reckoning as a distinct system
the endless chain plan of South Wales—and
the system of single rope planes. In all of

these the full corves are seized by the rope

or chain at the required point, dropped off

free, either by detachment or by cessation

of the power at the required points, and the

empty corves are brought back by power.

A boy is needed to each train, and, as at

Hetton, the highest ingenuity has been ex-

hibited in devisal of the methods by which
detachment from a constantly running rope

is provided for. To the honor of mother wit

be it recorded, that the beautifully simple

and effective, though most original and in-

genious, form of detaching hook in use at

Hetton, was invented by one of these un-

taught boys who guided the trains of corves.

An admirable account of what has been
done up to this time in the way of steam
underground haulage, may be found in the
" Transactions of the North of England
Mining Institute," volume xvii, page 7, for

August, 1868, with very carefully tabulated

experiments as to the cost of such haulage

work. According to circumstances, and
chiefly to the rate of inclination of the

trams, and the amount of coal hauled per

twelve hours, it varies from a little above a

penny per ton per mile, to nearly fourpence

per ton per mile, of coal drawn. To these

able reports we refer our readers, for our

direct object here is not with the methods of

leading the coal when " got " underground,

but with improvements in the means of get-

ting it.
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The methods employed up to the present

hour for "getting"

—

i. e., for detaching

coal from its bed, as generally practised in

Great Britain—may be said to consist in

"holing," under-cutting, or over cutting

(generally comprised under the term hew-

ing), the coal by hand labor; to a limited

extent as yet, performing all these or at

least two of them, by one form or other of

" coal-cutting machinery;" wedging by hand
to bring down the more or less isolated blocks

of coal ; and in many pits blasting the coal

down or out of its seat, more or less by gun-

powder or other explosive agents.

These methods are equally in use, whether

the coal seams be worked by headings, by
single or double "pillar and stall," or upon

the " long wall " systems ; and if we include

in our view foreign collieries, more especial-

ly those of France, Belgium and Westpha-
lia, where the seams are in general much
more steeply inclined and disturbed than in

Great Britain, these methods apply equally

to all thick seams, however circumstanced.

That blasting has been occasionally produc-

tive of accidents more or less serious,

through the chance of the ignited fuze or

the flash of the explosion igniting fire-damp,

admits of no doubt. The absolute number
of such accidents is small, and their propor-

tion in relation to those traceable to all

other causes is unquestionably small ; but

although that is so, it is the obvious dictate

of prudence, if it be found practicable, to

avoid blasting altogether, or in at least all

" fiery seams." Nowise manager can feel

at ease in being obliged to sanction the con-

tinual use of blasting, where every charge,

when exploded, may be, for ought that he or

any one can predict to the contrary, in con-

nection by an invisible and unknown gasi-

form fuze with the great explosive maga-
zines of fire-damp that may be accumulated

in the " goafs " or other parts of the work-

ings. Prima facie, therefore, everything

indicates the desirability, if possible, of get-

ting rid of subterranean coal blasting, on

the grounds of humanity and prudence.

But let us look at the matter a little more
narrowly in the light of practical needs, etc.

Drift-ways must be run into the coal, whe-
ther thick or thin, in order to reach and

work the seam. These are often miles in

length ; unless in the exceptional cases of

the very thickest seams, the headway re-

quired by the drift way, heading, or rolley

way, which is from seven to nine feet, obliges

more or less of the coal roof or coal seat, or

of both, but generally of the first only, to

be removed. This is very frequentl}- com-
posed of hard grit stone, or of " clunch,"

or other argillaceous or arenaceous material

scarcely less hard. For the excavation of

these primary works, in nearly every col-

liery, gunpowder, or some equivalent for it,

is indispensable.

Again, there are certain coals which are

themselves so hard that (as yet at least) no
one has even suggested any way by which
they can be dislodged from their beds but

by means of blasting. Such is the case with

much of the American anthracites, with some
of those of the European Continent, and,

above all, with the pure anthracite of the

Kilkenny coal field in Ireland, which con-

tains about 97 per cent of pure carbon,

breaks with a vitreo-conchoidal fracture,

and is almost as hard and difficult to dis-

lodge as the rigid carboniferous limestone in

which the seams occur, and to the "roof and
seat " of which the coal is obstinately ad-

herent. There are, therefore, cases in which
coal mining must, to the end of the chapter,

be pursued by means of blasting, so that we
have our views as to the substitution of some
other means of dislodgment thus limited at

least.

We ought not here to omit to remark, be;

fore going further, that there is a wide field

open for experminents with other explosive

agents than gunpowder, with a view to dis-r

cover whether some may not be found, and
be so exploded that their dislocating effects

may be employed, and yet that any fuze at

all, or any flash capable of igniting fire-

damp, shall be avoided or abolished. As to

the fuze, there is no longer the slightest

practical difficulty or objection on the

ground of expense, complication, trouble,

delay, etc., in employing galvanic or rather

magneto-electric fuzes; and as the igniting

points of these are pranged in the midst of

the charge, ignition of fire-damp is no longer

possible from the fuze ; it becomes then
limited to any flash producible by the charge;

but may not this, too, be wholly got rid

of?

G-un-cotton, nitro-glycerine, dynamite, ni-

tro-picric powder, all give less flash, and one

probably less capable of producing ignition

in surrounding gasses, than that of gunpow-
der, all being fired as usual. But a discov-

ery very recently made in Mr. Abel's labo-

ratory at Woolwich, and since, to some ex-

tent, worked out into a practicable form, has

shown that the explosive effect of gun-cotton
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in a given charge may be prodigiously in-

creased in intensity by firing the charge, not

by mere ignition at all, but by ignition and
a blow or violent vibratory jar at the same
instant. The same thing is no doubt true,

and a fortiori, of nitro-glycerine. It is thus,

at this crude stage of the inquiry, plain that

we have the means of employing explosive

agents greatly more potent and less capable

of spreading ignition to fire-damp than gun-
powder, and that we can still further reduce
the charges of these more potent explosives

by employing a suitable method of firing

them. We may thus reasonably hope to at-

tain for any given use charges sufficient, yet

so small that the mere cooling contact of the

coal or rock split by them shall prevent
even a very slender probability of the flash,

if any, spreading beyond the hole, or reach-

ing any point to ignite fire-damp.

Experimental researches to decide the

scope and value of such an inquiry appear
to us quite worthy of our most advancing
and scientific colliery engineers, with the

aid and countenance of the Northern or of

the South Wales Mining Institutes. Still

there remains this incontrovertible proposi-

tion, so well insisted upon recently by Prof.

Warrington Smythe, that where there must
ever remain more or less room for doubt as

to danger, and that danger such as may im-

peril many human lives, the judgment of

every prudent man ought to be, " get rid of

explosives in coal mining altogether, if it

can be done." Professor Smythe did not
affirm that it could be done, nor do we be-

lieve that it can, in all cases. Beyond ques-

tion the ablest and most successful attempts
in this direction, as well as in that at the

same time for relieving the heavy labor of

the coal hewer, have been those of the con-

trivers of coal-cutting machines. These, in

several forms— mainly divisible into two
generic classes, viz., those which hew in the

proper sense of the word, i. e., chop away
the coal by blows with a sharp-ended imple-

ment like a pick, driven by power ; and
j

those which slice, or rather grind away the

coal by one or many advancing tools, slowly

driven by power, and moved like the cutting

tools of a slotting machine—have now been
more or less under trial for nearly seven
years, and in a few places, both in South
Wales and in the North of England, have
been (one or other) brought into successful

use; the power employed being compressed
air, supplied by a fixed engine above or un-
derground, and the air led along by pipes to

the faces of the headings, or to the wall

faces in work.

What may be done by compressed air as

a motive power we need not enlarge upon
;

it has been abundantly shown at the great

Mont Cenis tunnel, of which we have given

several notices in this journal. Now, be-

sides the advantages effectuated by this class

of machines (we have no intention of going

into any critique as to their relative merits),

of relieving the coal hewer of the very heavi-

est part of his labor, viz,, the " under-cut-

ting " of the coal, and the owner of by far

the greater portion of the coal wasted and
destroyed by being reduced to powder by
the under-cutting by hand, and limiting the

"hewer's" task to the cross cutting of the

blocks and "getting down," by whatever

means, the masses of detached coal ; there

are these further advantages—that the "un-
der-cutting" can be effected much more
deeply in, from the "face," than is readily

practicable with hand labor, and that when
indispensable the coal bed may be " over-

cut," or freed from the roof, if need be, in

the same manner—a thing nearly impossible

with mere hand labor. It is, however, a

very rare case indeed that any moderately

heavy seam of " fat " or flaming coal, or any
other but of the hardest anthracite, needs

any over-cutting, and that, no matter at

what inclination or dip of bed. It almost

always oceurs that if the coal be effectually

under-cut, the mass, thus for several yards

in length perhaps, and for a depth in, from
the face, of from three to six feet, hanging
in air free from its support below, only needs

to be cross-cut or " holed," when it breaks

off at the rear and from whatever slight at-

tachment it may have had to the roof, and
drops by its own weight, and then all that

remains is to hew or part it into suitable-

sized blocks, so as to load it into the " cor-

ves," and bring it to bank. This part of

the work is done, partly by the blows of the

pick, partly by the "hewer's bar," and in

harder coal by driving in iron wedges.

Recently there have been some who have

thought that wedging might be much more
extensively used in coal mining ; and that,

in fact, by the application of a much more
powerful form of machine-driven wedges,

coal might be detached bodily from its bed
without the use of blasting, without the use

of coal-hewing machinery, or hewing in any
form either for under-cutting or holing; and
that, in fact, this one new class of tool,

either the power-driven wedge, or, as its



504 VAN NOSTRAND'S ENGINEERING MAGAZINE.

equivalent, the expansion of plungers by
hydrodynamic pressure, should become al-

most the sole and sufficient resource of the

collier. This is what we propose to submit

here to some slight examination in the dis-

passionate light of the actualities of the

problem sought to be solved.

Five mechanical arrangements for coal-

splitting were recently brought before the

Institution of Civil Engineers, three of them
being principal, and the others only inciden-

tal to the discussion upon the original paper

by Mr. S. P. Bidder, A.I. C E., " On Ma-
chines employed in Working and Breaking
down Coal."

The machine of Mr. Bidder was described

as consisting of a small hydraulic press of

twelve tons power, to which was attached a

pair of tension bars, bent in the form of a

connecting-rod or hinge-strap. These were
placed one over the other in the bore-hole,

and between them, at the extreme end, there

was a clearance box and two metal pressing

blocks, between which was forced, by the ac-

tion of the hydraulic press, a split wedge
fifteen inches long, causing a lateral expan-
sion of three inches. The ram was then
withdrawn, and a second wedge was inserted

between the two parts of the first wedge, and
was forced up until sufficient expansion was
obtained to break the coal. The operation

could be repeated several times if found ne-

cessary. The whole apparatus would weigh
about fifty pounds. The hydraulic press

was in future to be made of steel, and the

ram would be cored out. In practical work-
ing each gang of colliers would be provided

with the tension bars and three wedges,

while the presses would be under the charge

of the men who at present occupied the po-

sition of firemen, so that no new class of

labor would be introduced. Trials had been
made both in the seven feet and the nine feet

seams at Harecastle ; and in the latter, with

three wedges, about twelve tons of coal had
been brought down in only three or four

pieces. It was found that the press could

be applied, and the blocks brought down, in

less time than was consumed by firing and
waiting for the smoke clearing.

The second described machine was by Mr.
C. J. Chubb. He thought some more sim-

ple and practicable means of getting coal by
mechanical power could be devised than the

costly, but skilfully contrived, coal-cutting

machines. His first idea was to apply

wedges, acted upon by hydraulic force, but

he was induced to abandon that system,

owing to objections to the use of wedges,
and to adopt instead an apparatus consisting

of twelve plungers, set side by side in a
steel bar, which plungers, when acted upon
by water from a hydraulic pump, would se-

parate the bar in which they were set from
another bar, formed in the shape of a cover

upon the plungers. The pressing apparatus

was 25 inches long, and it was attached to

a hydraulic pump by a tube two feet in

length, so that it might be inserted into the

coal to a depth of about 3 ft. 6 in. The ap-

paratus, with the cover on, was 4| in. in

diameter. When, by the action of the

pump, the plungers had reached their limit

of 2j in., and further expansion was needed,

the plungers were readily brought back to

their first position, by opening an escape

cock for the water back into the partially

vacuous close vessel out of which it had
been pumped, when a liner could be inserted

between the plunger and the cover ; and this

process could of course be repeated. In

practice, however, it was found that the first

expansion of 2J in. was more than sufficient.

It was stated that the collective area of the

plungers was 24 square inches, and as the

pump could exert a pressure of twelve tons

on the square inch, a total pressure of 288
tons could be brought to bear on the coal.

This apparatus had been tried in the South

Wales district, where the coal was of the

most varied description. It was observed

that, by the present system of blasting, it

occupied on an average two men ten hours

to break down and fill into trams four to five

tons of coal, of which twenty per cent was
" small," and the remainder much shattered.

On the other hand, with this apparatus two

men could readily break down twenty tons

in an hour, which could be filled, when
loosened, at the rate of ten tons per man
per day, the whole of the coal so obtained

consisting of large solid pieces. Again, by
the present system, in order to break down
500 tons of coal a day, from a " four-foot

"

seam, a "face" of 600 yards was required,

whether as "pillar and stall," or as "long
work;" whereas with this apparatus the

same quantity could be worked from 300

yards of "face'." In this way there would
be less space requiring to be ventilated, the

working operations could be concentrated,

and facilities would be afforded for effecting

economy in other respects. We may re-

mark, in passing, that but very little stress

can be laid upon these statistics. The
amount of coal got per man per shift, or day,
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can scarcely be thus crudely stated with any

certainty at all, and must vai-

y enormously
with circumstances ; and while it seems here

underrated, we must say the possible per-

formance of the hydraulic coal-splitter seems
both to want confirmation by actual trial,

and in the absence of that to appear over-

rated.

The third contrivance was that of Mr.
Grafton Jones, of Blaina Iron Works, New-
port, Monmouth, and is also a hydraulic

coal-splitter, differing from the former main-

ly in this—that Mr. Chubb's consists of a

central tubular stem, carrying a long row of

short plunger plugs along the length of its

two opposite sides, like the suckers upon the

tentacles of a cuttle-fish, which, being in-

serted into a 4 in. diameter, or thereabouts,

jumper or auger hole, the plungers, by
pumping in water, are forced out in opposite

directions, and in direct contact with the

coal. Mr. Chubb's is essentially the same
in principle ; but one range of plungers is

suppressed, and the remaining range of

these, in place of being forced out directly

against the coal, is forced out against a sort

of hollow, trough-shaped cast iron "liner,"

the interior of which fits the faces of the

plungers, while the exterior fits the inside of

the auger hole in the coal.

In the course of discussion it was inciden-

tally mentioned that Mr. Joseph Bramah,
the inventor of the hydraulic press, had pro-

posed its use for coal-splitting ; the form
which he suggested having been simply that

of an extremely strong bag of reduplicated

leather, made waterproof. This in its flac-

cid state was inserted into the flat-shaped

hole prepared for it in the coal, and water

was then forced in until the distension of the

bag caused the fracture of the coal in the

direction of least resistance. The two other

splitting methods brought before the insti-

tution we need but briefly allude to, as one

of these merely placed on record an old de-

vice of one of the members for splitting rock

or coal, etc., by means of a conical screw of

steel, screwed into a split cylindrical

wrought iron nut of considerable length,

inserted into the bore hole ; while the other

was but a suggestion for diminishing the

mechanical disadvantage of the oblique ac-

tion of Mr. Bidder's wedges, by means
which the talented suggester himself would
probably, on more mature consideration,

abandon.

Now, we must make bold to say that we
entertain the most entire want of confidence

in every one of these contrivances, as ma-
chines ever likely to be brought into prac-

tical use in coal mining : and we apprehend
that every coal viewer or mining engineer,

who possesses some actual experience in coal

working, must come to the same conclusion.

The proposition, in fact, common to all three

contrivances is really this, that by means of

large holes, four to six inches diameter, of a

few feet in depth, bored somehow into the

coal, in directions more or less parallel with
the plane of the seam, and more or less dia-

gonal to the working face, and by the inser-

tion and use therein of these hydraulic

driven wedges or plungers, it is practicable

(in the working sense of that word), without
any previous other work or preparation, to

drive out the coal bodily, while still gripped

firmly between its seat and the roof, and
cause it to separate and fall in dislocated

masses.

We shall not deny the possibility of doing

this in some seams and in some cases, with

nearly level beds of great thickness, and of

just the best quality of coal for its success-

ful application ; but we do entirely disbe-

lieve the practicability of so working the

vast majority of coal seams in this or in any
other country. Coal, whether thick or thin,

deposited in water-saturated strata, to whose
cavities, rugosities, and bendings it has been
moulded beneath enormous pressure for ages

in action, is everywhere obstinately gripped

between roof and seat. When the seam is

enormously thick, and most suitable in re-

spect to hardness and softness and splitabil-

ity (if we may coin such a word), it is

barely possible that more or less of the coal

might be thus forced out of its place, leav-

ing, however, almost certainly in every case,

more or less of it adherent to the roof and
to the floor. But if the seam be but mode-
rately thick (say four feet or under), if the

coal be soft and friable, or if it be very hard

and difficult to fracture ; if the roof or the

floor, or both, be of hard material ; if either,

or both, be uneven, and pitted at the '' coal

parting " with them—or if the coal join on

direct to the floor or roof, or both, without

any thin parting seam of vegetable charcoal,

shale, or other very fissile material—then we
feel pretty certain that such attempt to drag

or push the coal out of its place, as it were

by the neck, must end in complete discom-

fiture, so far as rapid and economical work-

ing are concerned, assuming that the physi-

cal possibility be conceded.

It comes, then, to this, that if we are to
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split coal out in large blocks, with small

waste by dust and powdered coal and slacks,

we must free it first either above or below.

We can then split it out, no doubt, but cui

bono ? what will be the use of wedging from

behind to split out masses of coal which,

when once properly undermined, will rapidly

fall by their own weight, and then detached

from roof, floor, and "heading" or "wall,"

leave nothing to be done but to break them
up smaller, and to sizes to be loaded on to

the "corves," all which must be done, as at

present, by hands in any case ? This is the

case with all moderately thick coal beds,

even though they be perfectly flat and level.

It is much more the case with highly in-

clined beds, like those of Belgium and West-

phalia, which are worked on the long wall

system from the under side, and along "the
strike " of the beds, and from which the

blocks of coal, once under or over cut, fall

of their own accord, often but too readily

and suddenly.

But at this time of day there is probably

not an intelligent and well-informed coal

viewer in Great Britain (and few of these

gentlemen are not both one and the other)

but is prepared to admit that under-cutting

by coal-hewing machinery of one sort or

other is already an accomplished fact, and

that time, and not a long time, alone is

needed for the wide-spread introduction, as

a matter of necessity, of coal-cutting ma-
chinery in all our great collieries. Well,

then, we have the coal cheaply, economically

as regards the waste coal, rapidly, and deep-

ly under-cut; we cannot get rid of the coal

hewer, he must be there to direet and to

fashion to a portable shape the huge blocks

got out ; he is on the spot., therefore, to hole

or cross-cut the huge blocks as these drop

from the roof,, and by their own weight part

off from the face of coal behind ; of what
use, then, are the hydraulic wedges, or hy-

draulic plungers at all? They appear, un-

der such conditions where alone they can be

applicable, as simple surplusage, for no sane

man, we presume, will imagine the physical

possibility of forcing out thin-seam coal

while still gripped both by roof and seat.

Thus much for splitting in general, and
without reference to the mode of attempting

it. Granted the necessity and the utility of

the plan of working, we are very far from
being satisfied that any one of the actual

arrangements proposed even approaches the

best possible, or even a workable form at

all, for the.purpose, We shall not go into

details, but merely ask our professional coal

viewing readers to ponder, in a practical

mood, upon the facilities, or the contrary,

for working straight and cylindrical holes of

four to six inches diameter into various sorts

and thicknesses of coal, and under the vari-

ous and often complicated conditions in

which the workings are circumstanced.

We ask whether these hydraulic wedges
or presses, said to be 50 lb. weight each, but

actually much nearer probably, if ever

brought into a workable form, to 150 lb.

weight each, and which must be carried

about and manually handled, will prove con-

venient ? Whether in friable and compres-

sible coal much more of the power expended
will not be absorbed in crushing the coal

close by to powder, than in splitting off that

more remote ? and whether, in any one of

the arrangements, but most of all in Mr.
Bidder's wedges, a prodigious proportion of

the power expended be not necessarily al-

ways wasted ? and if power be wasted in

any machine, time is wasted, and money is

wasted.

If a choice is to be made between hydrau-

lic driven wedges and hydraulic driven

plungers, between the power of the hydrau-

lic cylinder, which may be at once brought

up to any pressure we like per square inch,

applied direct to the coal, or to that awk-
wardly exalted by the interposition of

wedges—we are compelled to give our voice

in favor of the simple and direct application

of the hydraulic plunger. All wedges
driven by pressure act at enormous mechan-
ical disadvantage as wedges ; work is use-

lessly absorbed in friction, and the loss so

produced is greater as the angle of the wedge
is less. The very essence, it may be said,

1 of the wedge as an efficient mechanical en-

gine depends upon its being driven, not by

pressure, but by blows. At each blow the

friction of rest, constantly encountered by
the wedge driven by pressure, is by the sud-

den jar converted into the friction of motion,

the coefficient of which for the same surfaces

and pressures is usually not much more than

one-half of the former.

With the hydraulic cylinder applied di-

rect, the real limit to the intensity of the

pressure per square inch of pressing surface

is that of the crushing coefficient of the coal.

That makes the limit really a low one, and
hence we will hazard the conjecture that

were these coal-splitting contrivances likely

to be called into actual use and practice, it

would probably be found that perhaps the
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very best form in which hydraulic pressure

could be applied at all, might prove to be in

that of a modification of Joseph Bramah's
original leathern water-bag. We have, now-
a-days, materials and methods at hand for

the construction of flexible, or partially flex-

ible bags, into which water could be forced

to all the pressure the coal would safely bear

without crushing, such as were unknown in

his day, and the structural problem presents

few difficulties to the mechanical engineer.

Upon the whole, and in conclusion, however,

we continue to believe that it is the perfec-

tionizing of coal-cutting machinery, and not

to coal-splitting instruments, even though
far better designed than any that we have

been noticing, that we ought to look for at-

taining the unquestionably most important

ends of saving risk by limiting the use of

explosives, cheapening our coal-getting, and
economizing our coal itself.

THE SPECTROSCOPE IN THE BESSEMER
PROCESS.

Compiled from " Oestr. Zeitsckrift," and adopted by
Dr. Adolph Schmidt.

A number of years ago, when the Besse-

mer process first began to regularly produce
materials valuable for trade and practical

use, the difficulty of operating the process in

such a manner as to obtain by it a metal of

certain qualities as desired, was at once re-

cognized. Besides other means conceived to

obviate this difficulty, the use of the spec-

troscope also was then proposed and tried.

It was expected that the changes in the ap-

pearance of the Bessemer flame, which take

place towards the end of the process, and
which are evidently due to chemical changes
in the constitution of the metal, could be
observed more accurately with the help of

the spectroscope, and would thus make it

possible to interrupt the process at the pre-

cise moment when the required degree of

decarburization of the metal is obtained.

It appears, however, that the results of these

experiments were not satisfactory, from the

facts that no detailed account of them has
been published, and that the use of the
spectroscope was not continued afterwards.

About two years ago Professor Lielegg, of
Gratz (Styria), took up this matter once
more. By a series of experiments made by
him at the Gratz Bessemer Steel Works,
and published in 1867 in the reports of the
Austrian Imperial Academy of Science (see
" Dingler's Polyt. Journal," vol. 16, 1867,
or "Berg. u. hm. Ztg.," 1867, No. 12 and

No. 48), he discovered that under the most
different circumstances, and with the most
different pig irons, the Bessemer flame, when
analyzed with the spectroscope shows, be-

sides some varying and accidental lines pro-

duced by accessory constituents of the pig

iron, a constant spectrum, consisting princi-

pally of several groups of black, green and
blue lines. These lines are not to be. seen at

the very beginning of the process, they be-

come visible in the second period only, when
the temperature is more elevated and when
the carbon begins to burn in a more lively

manner. They remain visible and bright

until, in the third period, they disappear

one by one, simultaneously with the diminu-
tion of temperature caused by the lack of

carbon in the metal. Professor Lielegg at-

tributed this spectrum to the carbonic oxide

gas, and designated the single lines, accord-

ingly as C Oa, C fi, C Oy, etc. He also

found that the observation of the gradual

disappearance of these lines has a practical

value, because not only the moment of near-

ly complete decarburization (what is called

"the change" by practical Bessemer men)
can be determined more accurately, but also

because different kinds of products may be
obtained by making the interruption of the

process dependent on the disappearance of

the one or the other of the said lines of the

spectrum. Thus the spectroscope came into

regular use at the Gratz Bessemer Works.
The results obtained at Neuberg (Styria)

were, however, widely different from the

above. The Neuberg works convert almost

exclusively their own pig iron, which contains

a considerable amount of manganese (three

and a half per cent). This iron, in being

converted by the Bessemer process, develops

towards the end of the charge an opaque
flame full of white smoke. This smoke is

the thicker and the less transparent, the

hotter and better the charge. By inserting

a wrought iron pipe terminating in a receiver

into the mouth of the converter towards the

end of a charge, Professor Kupelwieser suc-

ceeded in obtaining a certain quantity of the

solid matter which constituted this smoke.
Mr. Schbffel, who analyzed it, found it com-
posed of

—

Si 3 (Silicic acid) 34.86
Mn (Protoxide of manganese) . . 48.23
Fe (Protoxide of iron) 16.29

99.38

This smoke, which seems to be principally

due to the presence of a considerable quan-
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tity of manganese volatilized at a very high

temperature, as silicate or as protoxide, cov-

ers the Bessemer flame in hot and good

charges to such a degree that the observa-

tion of the " change " becomes often extreme-

ly difficult, and it is proved by numerous
experiments that, in this case, the spectro-

scope is of no use whatever, because the Bes-

semer spectrum then disappears completely.

It has, besides, been noticed, that even in

less hot and less smoky charges the spectrum

is only visible intermittently, and often dis-

appears before the iron is near the point of

complete decarburization. In such a case

spectroscopic observation is not only useless,

but can lead into errors and mistakes.

However the spectroscope is still in regu-

lar use at Gratz, and Ternitz, in Austria, at

Maximilianshlitte, in Bavaria, at Marien-

hiitte, in Saxony, and some other German
Bessemer works which do not convert man-
ganesic pig irons. But few, if any, of these

works make their operations exclusively de-

pendent on the spectral indications. It has

been mentioned above that Professor Lielegg

considers the Bessemer spectrum as identi-

cal with the spectrum of carbonic oxide.

Professor Kupelweiser has expressed the

same opinion. But Mr. Brunner, an Aus-
trian metallurgist, has shown in No. 29 of

the " Oestr. Zeitschr.," 1868, that this view

is incorrect. According to Lielegg's own
investigations, carbonic oxide gas when burnt

with oxygen produces, under all circum-

stances, a continuous spectrum without any
light or dark lines. Lielegg attempts to

explain the different appearance of the Bes-

semer spectrum by the higher temperature.

It is, however, not probable that the tem-

perature of the Bessemer flame should be

higher than that of a flame of carbonic oxide

mixed with oxygen in Daniells' cock. Be-
sides some of the characteristic lines of the

Bessemer spectrum have been observed in

the flame which is produced by the heating

of the converter previous to the charge, when
evident^ a temperature as high as the one

mentioned does not exist. Brunner has also

discovered, that no part of the Bessemer
spectrum is ever visible in the flame when
the converter is heated for the first time

after being relined, but that when the lining

is not new the group of lines called C Oy by
Lielegg appear in the green part of the spec-

trum, which then contains also the lines of

potassium, sodium and lithium. Mr. Brun-
ner concludes, from these facts, that this

spectrum is not to be identified with that of

carbonic oxide, but must be produced by
other constituents of the pig iron. In further

considering that it would be very strange if

iron and manganese would not produce a

spectrum at so high a temperature, he thinks

it probable that the Bessemer spectrum is prin-

cipally produced by these elements. In fact

several of Lielegg's pretended C lines co-

incide with the black iron lines as defined by
Prof.Kirchoff, of Heidelberg, who is one of

the inventors of the spectrum analysis. Also
Lielegg's line C Orj, which is violet blue,

and situated so near the potassium line K j3

that both lines almost appear like one broad
band, corresponds to the violet blue line,

Mn
5

, in the spectrum of manganese. Brun-
ner besides suggests that Lielegg's group of

lines, COB and C Oj, might be identical

with the yellowish and green manganese
lines, Mn

2
, Mn

2
, Mn

3
and Mn

4
.

This suggestion has been fully verified by
more recent investigations made at Neuberg,
in December, 1868. As these investigations

have been made in a peculiar manner, spe-

cially adapted to compare two different spec-

tra with the greatest accuracy, thus to ascer-

tain some supposed total or partial identity,

we here reproduce a short description of

them, as published by Mr. A. v. Lichten-

fels, in "Oestr. Zeitschr.," 1869, No. 2.

The instrument used for the purpose is a

pocket spectroscope of the manufacture of

M. Hoffman in Paris. It consists of a tube

six inches long and three-quarters of an inch

in diameter, containing two prisms of flint

glass, three prisms of crown glass and one

lens. The latter is placed near one end of

the tube, opposite the slit through which the

rays of light enter. Its object is to make
the rays parallel. A small telescope with

four lenses is attached to the other end of

this tube by means of a joint, by a slight

motion of which any desired simple ray can

be directed to the center of the field of

view. A small glass prism, about five-six-

teenths of an inch long, can at option be at-

tached to the outside of the instrument, in

front of the slit, covering only one-half of

the latter, so as to allow of the simultaneous

observation of two sources of light.

The light of the Bessemer flame passes

through this glass prism by reflection into a

part of the slit, through the other part of

which enter the rays of another well known
source of light, prepared for comparison.

Thus the spectra of both sources of light ap-

pear side by side in the field of view of the

telescope, and if an elementary body is
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equally present in both flames, the charac-

teristic lines of that body must correspond

exactly in both spectra, because the rays

from both lights enter through the same slit

and are refracted by the same prisms. This
is the most reliable method of analysis by the

spectroscope. The bodies destined for com-
parison are dissolved in alcohol, and the so-

lution is poured with a spoon on a small dish

of platinum, heated to a white heat, where it

rapidly evaporates. It is very important to

produce a flame as hot and bright as possible

;

for it would be difficult to see a weak spec-

trum at the side of another one as bright as

that of the Bessemer flame.

To make a comparative experiment with

the described instrument, at first the exterior

glass prism has to be fixed to its place ; after

this the whole apparatus is set in such a po-

sition that the spectrum of the Bessemer
flame can be seen through the tube ; after-

wards the platinum dish is placed in front of

the object-glass and heated by a lamp, and
finally the testing fluid is poured on the dish.

Burning alcohol produces no other but the

sodium line. The spectra of calcium (here

chloride of calcium) and of copper (here ni-

trate of copper) were compared, but did not

coincide with the Bessemer spectrum. But
the spectrum of manganese (here chloride of

manganese) corresponded perfectly. This
spectrum, according to Simmler, consists of

four broad green bands and one violet blue

line situated quite near the potassium line of

the same color. These green bands appear
in the Bessemer spectrum as groups of green

lines in an exactly corresponding position.

Two of these groups of lines are very dis-

tinct ; the two others which are situated

nearer the blue field, are less bright. The
optic power of the instrument was not suffi-

cient to show the violet blue line distinctly

in either of the two compared spectra. How-
ever the main part of the question is solved

by these experiments, and it is proved that

the Bessemer spectrum, in its principal and
characteristic features, is not the spectrum
of carbonic oxide, but that of manganese.
As "the change" in the Bessemer process

(that is the exterior signs which indicate the

almost complete removal of the carbon from
the metal) could only be made dependent on
a spectrum produced by carbon or its com-
pounds, the use of the spectroscope in this

process has, in fact, no general and scientific

foundation, but is based, wherever it is used
with success, on the happy coincidence that
the greater part of the manganese is removed

from certain kinds of pig iron, when subject-

ed to the pneumatic process, at about the

same time as the main part of the carbon.

THE COMPOSITION OF CEMENTS.
From " The Building News."

The value of all cements must of neces-

sity depend upon their composition. There
are two distinct kinds of cement, with three

distinct names—the calcareous, the hydrau-

lic, and the plastic. The calcareous is

everywhere known by the name of mortar,

or that mixture of lime and sand commonly
used for building. The hydraulic cemente

are those which will set under water, and
the plastic cements are such as are applica-

ble to plastering and stuccoing. Of lime

there are many varieties, each of different

merits. Vicat classified them as—1, rich

limes ; 2, poor limes ; 3, limes slightly hy-

draulic ; 4, hydraulic limes; 5, highly hy-

draulic limes. As there are different quali-

ties of limes, so, of course, there must be of

limestones. It has long been held, and uni-

versally proved, that the harder the ingre-

dient the better the quality of the lime; that

the best materials are those that dissolve

the quickest, heat the most in slaking, and
fall into the finest powder. It should be
remembered, however, that each variety

yields a lime of different quality—different

in color, in its power of absorbing water,

and varying in weight and in hardness. The
rich limes are the purest oxides of calcium ;

they increase to double their bulk in the

process of slaking, which is not the case

with poor limes. Limestones containing

from one to six per cent of foreign sub-

stances, such as silica, alumina, magnesia
iron, etc., yield rich limes. The limestones

may differ in appearance and in texture, yet

if well calcined the lime will be the same.

Soft chalk, hard ragstone, or marble, yield

equally good lime, since the calcium they

contain is the same mineral. Chalk, how-
ever, generally contains water irregularly

distributed, and, not exhibiting the same
change that marble or stone does, it is fre-

quently unequally burned, and therefore

slakes imperfectly. Dr. Higgins states that

lime made from chalk absorbs the carbonic

acid more rapidly than that made from

stone, but the experience of others (the late

Mr. Arthur Ashpitel notably) has not favor-

ed this conclusion. The mode of burning

varies, but the general result is the same.
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The resulting quicklime is lighter than the

original stone, and differs essentially from it.

Poor limes are obtained from limestones

which contain silica, magnesia, manganese,

or metallic oxides. These foreign sub-

stances are present to the extent of from
15 to 30 per cent. They do not slake free-

ly, and they are more liable to vitrify in

burning. Oysters or cockle shells are

found to vitrify more easily than limestone

or chalk when suddenly heated, which is at-

tributed to their saline matter, for when
they have been long exposed to the weather

they do not so easily vitrify. In proportion

as limestone contains gypseous or argillace-

ous particles does it vitrify. Limestones

containing much silica swell in setting, and
may dislocate the masonry executed with

them. If alumina be in excess the lime is

apt to shrink and crack. If carbonate of

magnesia be combined with carbonate of

lime, as is the case in magnesian limestones,

the original bulk is retained.

The mixture of hard, sharp particles—the

harder and sharper the better—is necessary

for various reasons. It facilitates the set-

ting of the mortar, it renders it much harder

and much more adhesive, and saves expense.

Three kinds of sand are used in building

purposes, but only two are employed for

cements. River sand and pit sand only

should be admitted into the composition of

mortar, and the former is preferable, as it is

free from clay. Pit sand should be well

washed. Crushed quartz or flint, from its

sharpness, has been considered to be the

best material. Many builders use road-

drifts, and have found it to be a fair substi-

tute for sand, and withal economical. The
Romans used burnt clay, in the form of

pounded brick, very extensively; and the

present method is to throw up clay mixed in

any fuel in loose heaps and burn it slowly.

Burnt clay was, indeed, largely used and
advocated in France. Used as hydraulic

mortars in large public works, it was found

that the action of sea-water soon made them
crumble to powder; and it was only in iresh

water that the mortar stood well. Slag

from furnaces and the scorias from the iron-

works have also been used for sand ; the

latter not so frequently, on account of the

iron found in it. Coal cinders have been
used, but not with much success, and wood
cinders, which, however, are found to be too

alkaline for the purpose. These materials

have a considerable effect in hastening the

absorption of the moisture and facilitating

the setting of the limes with which they are

used. Puzzuolana—so called because ori-

ginally found in the vicinity of Puzzuoli,

near Naples—is a volcanic material. The
following analyses of this material were
given by Professor Ansted in his Cantor
Lectures at the Society of Arts in 1865.

We observe that they vary a trifle from the

analyses given by the French writers :

Puzzuolano. Trass.

Silica 44.5 57.0
Alumina 15.0 12.0
Lime 8.0 2.6

Magnesia 4.7 1 .0

Iron oxide 12.0 5.0

Potash 1.4 7.0

Soda 4.0 1.0

Water 9.2 9.6

The French writers consider that the mix-
ture of common lime with these materials

should be one of pounded lime to two and a

half of puzzuolano, or to two of trass (or

terrass), or one of lime to one of sand and
one of puzzuolano. The matter, however,
is largely one of economical calculation.

A good test of the purity of sand, and a

most important one, is the homely practice

of rubbing it between the hands If it be
fit for use as mortar it will not soil the

hands, and will be free from odor. Dr.
Higgins, whose experiments on sands have
made him an authority on the subject, has

pointed out that mortar made with sand
whose grains were about equal in size and
globular, could not be so strong at any
period of induration as that which is " mix-

ed with as much fine sand as can easily be

received into its interstices, in order that

the lime may cement the grains by the

greater number and extent of their con-

tiguous surfaces." He also states that the

sand that passes through a sieve in washing
is finer than that which may be sifted

through the same sieve when dry. Sand is

never non-absorbent and imperishable, and
therefore it is needful it should be pure

when used for building purposes. The
mediaeval builders knew this, and hence the

fine characters of their masonry.

The results of experiments made by Dr.

Higgins, and detailed at some length in his

work—now, we believe, out of print—are of

considerable importance. Very briefly sum-

marised, they may be thus stated : The in-

tersticial spaces in sand are greatly lessened

by wetting it; therefore he determined in

using it for mortar to wet the sand com-

pletely. It was thus, too, that the air was

easily expelled, and the lime equally dif-
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fused itself in the spaces by a little heating;

but when, as he says, the water is added to

a mixture of lime, powder, and sand, the

air is entangled in the lime paste, and can-

not, without a great deal of heating, be to-

tally pressed out of the plastic mass. As
an excess of water is injurious to mortar,

this was found to be an excellent way to

regulate the quantity used, " for the portion

of lime water which fills the spaces in sand,

and can be held by capillary attraction in a

flat heap of it, is precisely the quantity

which makes well-tempered mortar with one

part of the best slaked lime and seven of

the best sand." Other investigations show-

ed that there were two kinds of grains,

which Dr. Higgins denominated "sharp"
sand and "round" sand. The conclusion

of all his experiments goes to show that the

quantity of lime which forms a mass some-
what plastic with sand and water, is the

smallest quantity necessary for making the

best mortar from such sand. Any further

quantity of lime would be useless in the

coarser sands and injurious in the finer.

The necessary plasticity is induced by the

smaller quantities of lime. The grains of

fine sand are, he says, held asunder by the

lime paste to a greater distance than they

are by water, and "the reason why the finer

sand requires more lime than the coarser and
mixed sand is, that the spaces, which are

more numerous in fine sand than in the

coarse, are more augmented in the whole
quantity of them by the particles of lime

which intercede alike the coarse and fine

grains."

We have already said that river sand, or
" silt," is the best of all the kinds of sands

used for building purposes. Pit sand is too

fine, and not so sharp and gritty. Coarse

and fine sands, then, should be mixed in or-

der to obtain a good cement, since the finer

grains fill the interstices of the larger, and
so tend to consolidate the whole mass. The
two ingredients should not be mixed before

slaking, but the bulk of the water should be

applied to the sand before it is mixed with

the lime, Dr. Higgins' experiments teach-

ing us that in this way the air is more easily

expelled from the mass, and the mortar,

therefore, is of a more endurable nature.

This being so, the common practice of

"duffing builders" in ruuning up new
houses to use sands without first washing
them, indeed to use any kind of rubbish

—

sand mixed with organic matter—is dis-

creditable. Surely, when the materials

"found on the spot" are used, it is only

common honesty to regard their quality, and
to remove from them the deleterious matter
with which they are charged.

It is important that all water used in

making cements should, at least, be fresh.

In any case it should not be polluted, stag-

nant water. All vegetable and organic

matter should be as much excluded from the

water as from the sand into which it is

thrown. Ordinary water contains some
acidulous gas, and therefore it has been re-

commended that no water should be used
until the gas had been freed from it. After
making several experiments, it was found
by Dr. Higgins that lime water is far pre-

ferable to any other. On comparing speci-

mens of mortar made with the best lime

slaked with river water, and sand and water,

and spread on tiles soaked in water, with
other specimens made with the same propor-

tions of lime, but slaked with lime water,

and sand and lime water, and spread on
tiles previously soaked in lime water, the

latter at every stage of them were sensibly

harder, and they adhered to the tiles better

than the former. He adds that he had good
reason to be persuaded that the extraordin-

ary induration would proceed in time
through the whole mass. Of course, it is

not difficult to adopt this plan, since lime
water is readily made by dissolving lime in

large casks or tanks.

We have thus considered the main prin-

ciples which affect the three ingredients of

mortal"—the lime, which is the cementitious

medium, the sand, which is the matter to be
combined, and the water, which is the com-
bining element or agent. We have now to

look—space compelling us to do it with the

utmost brevity—at what preachers would
call a few matters of application. The mor-
tar must be durable ; free, by its very com-
pactness, from damps and atmospheric in-

fluences, and thus those much dreaded ene-

mies, expansion and contraction, avoided.

These results are alone attainable by at-

tending to the judicious combination of the

various ingredients. Given pure materials,

the best combination is proved to be one

part of lime to five, six, or seven parts of

sand, the latter varying, of course, with its

nature. Pit sand requires more lime than

sharp river sand or clear road drift. Coarse

sand requires less lime than fine sand. Mor-
tars made with common fresh lime, or with

well burnt lime, but containing only one

ounce (say) of lime in six or more of sand,
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have been found by some experimenters to

be the best. An excess of lime may dispose

the moi'tar to crack. According to Dr.

Higgins, the highest proportion of lime to

coarse Thames sand which may be used with

safety depends on the circumstances in

which the mortar is to be exposed. " No
more than one part of lime to seven of

coarse sand ought to be used in mortar

which is to dry quickly, and less lime may
not be used because it does not render the

mass sufficiently plastic for building and in-

crustation." At the same time, if a larger

proportion of lime be used, it should be only

when the mortar cannot dry so quickly as

when exposed to the sun. But hasty drying,

it has been proved, frequently injures mortar.

Then, again, if the lime be carelessly or im-

perfectly manufactured, the mortar cannot

be other than imperfect. The lime should

be screened about half an hour after the

workmen have thrown the water upon it.

When they slake lime mixed with sand or

gravel in great heaps, without screening it

—

which is more frequently done than not

—

the mortar is not likely to be very good.

Lime very quickly imbibes the acidulous

gas which has been expelled after burning if

it be exposed to the air. Indeed, it cannot

long preserve its virtues without confinement

in air-tight vessels. Experiments have de-

monstrated that lime undergoes changes

quickly
; indeed, well burned chalk lime,

kept in a dry room, will imbibe about a

pound of acidulous gas in three weeks in the

summer months, so that the longer it is

kept, the worse it becomes. Workmen are

apt to think it is sufficient to keep the lime

dry, and store it in ricketty barrels. This

is not the case. Lime may be greatly im-

poverished witout slaking sensibly. " The
superficial parts of any parcel of lime,

which fall into fragments or powder without

being wetted, and merely by exposure to

air, are quite unfit for mortar, since this

does not happen until they have imbibed a

great deal of acidulous gas." To prevent

common cements being bad or imperfect,

the lime should not be exposed a great while

before it is converted into mortar. If this

be not done, the lime will be reduced into a

perishable kind of whiting ; indeed, bad
lime, bad mortar. Imperfectly burned and
unprotected lime will only give a builder a

poor article, and we are writing, of course,

for those who do esteem a good common
cement ; and the quicker it is used, and
the less exposed to the deteriorating influ-

ences of the atmosphere, the better material

will it be.

ENGINEERING CHEMISTRY.

From " Engineering."

Chemistry, though the grandest of the

sciences, and scarcely older than the pre-

sent century, is probably second to none in

the importance of its bearing on most
branches of industry. But, notwithstand-

ing this fact, the cultivation of chemistry

as a science is, in this country, left entirely

to the accidental interest of individuals;

and it is almost exclusively in connection

with medicine that the principles of chem-
istry are taught at any of our educational

establishments. We have not, in this coun-

try, a single chair of general applied chem-
istry, and, with the exception of the profes-

sorship of metallurgy at the Royal School

of Mines, there is no provision for teaching

the special application of chemistry to any
branch of industry. Though we have some
able chemists, their functions are almost en-

tirely educational, or they cultivate chem-
istry merely as amateurs, while the applica-

tion of chemical knowledge and skill to

industrial art is so far from being recognized

as a profession, that, like engineering a cen-

tury ago, it is a pursuit offering little defi-

nite prospect to those who might be disposed

to follow it, and one that is taken up only

under chance circumstances. We are, how-
ever, of opinion that there is not only room
for, but a great need of, a class of compe-

tent chemists who would devote themselves

to the practical applications of this science,

and to whom manufacturers, engineers, and
others, could safely apply for advice and
assistance in cases involving the considera-

tion of chemical principles and knowledge.

Among engineers generally it is, in this

country, very seldom that any great ac-

quaintance with chemistry is to be met with;

and even manufacturers, as a class, do not

generally possess" such an amount of chemi-

cal knowledge as would be desirable and
necessary for the most efficient practice of

their arts. Nor can it be expected that

either engineers or manufacturers should in

any case become so far masters of chemistry

as to supercede the necessity for advice and
assistance from those who have specially de-

voted themselves to the study of the science

in its practical bearings. One of the most
serious obstacles that stand in the way of

the formation of any such class of profes-
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sionai chemists as we have referred to, is

the absence of any criterion by which the

competence of chemists may be judged of,

and qualified men distinguished from the

host of quacks and charlatans who dub
themselves chemists. Consequently, the

only thing by which the public can be

guided, is the fact of a chemist holding some
position or office, of which there are, in this

country, hardly any which are not purely

educational. Even those are very few com-

pared with the want that exists for sound

chemical teaching, and those few chiefly

fall to the lot of chemists who devote their

attention to abstract chemistry rather than

to its practical application. We do not

pretend to say how any wider criterion of

chemical competence is to be established,

but we do not hesitate to express the opinion

that it is very much needed at the present

time.

As regards more especially the applica-

tion of chemical knowledge to engineering,

there are unquestionably many branches of

this profession in which it would be of the

greatest value, and somewhere it is indispen-

sable. Thus, for instance, in regard to the

subject which is probably the greatest engi-

neering problem of the time, viz , the disposal

and utilization of town refuse, and the waste

products of manufactories, etc., together

with the maintenance of rivers and other

accumulations of water in a proper condi-

tion, both as means of communication and

sources of water supply for towns; it is im-

possible that it should be properly dealt with

unless the chemical aspect of the subject is

fully considered. Indeed the many serious

evils arising from polluted rivers, sewage

infection, and the waste material that would

be of service in maintaining the fertility of

land, are in a great measure to be ascribed

to the one-sided views under which the pre-

sent system of disposing of town refuse by
water carriage was introduced, and to the

disregard of those chemical principles which

would have indicated the probable conse-

quences of that system unless it were sup-

plemented by measures for dealing thor-

oughly with the material to be removed, and
not merely transforming its noxious influ-

ence from one locality to another. To this

circumstance also must be ascribed the

dead lock now existing in regard to sanitary

regulations, and the improvement of the

condition of towns by the construction of

sewers.

The subject of artificial illumination and

Vol. I.—No. 6.-35.

the questions as to the requisite purity and

proper cost of illuminating gas constitute

another field in which the services of the

practical chemist may be of advantage to

the engineer, and where the co-operation of

engineers and chemists can alone be expect-

ed to lead to satisfactory results. Not in

any way less important, or less capable of

improvement by such united efforts of en-

gineering and chemical skill, is the subject

of economy of fuel. In the production of

motive power, in the heating of dwellings,

the various branches of metallurgic art, and

in many other cases where fuel is employed,

the quantity consumed is vastly in excess of

that requisite for effecting the objects in

view. Improvements in this direction would

be a source not only of individual profit, but

also of national advantage. We might ex-

tend the illustration of our views on this

subject almost indefinitely, but we appre-

hend the possible profit of and urgent need

for greater attention being paid by engi-

neers to chemistry is very widely appreciat-

ed in the profession, and therefore we con-

fine ourselves to mentioning the subject, in

the hope that others may suggest a means
of giving practical effect to our views, and

make some effort towards carrying them out.

The recognition of science by the State is

as yet a principle too little acted upon in

this country to warrant much hope of this

idea being promoted from that direction

;

but our private societies, such as the Insti-

tution of Civil Engineers and the Society of

Engineers, are sufficiently strong to take

the initiative in this matter, and they might

do good service by giving their support to

some feasible plan for bringing chemistry

more within the range of the engineer's no-

tice, and making chemical knowledge more
readily attainable by him than it is now.*

Development of China.—The forma-

tion of a society is being actively pro-

moted in Belgium with a view to the intro-

duction of railroads and telegraphs in China,

and the development of its mineral wealth.

The project is favorably viewed by King
Leopold, who has traveled in China.

* These are timely considerations for America as

well as for England, although the amount of sound

chemical knowledge and practice in the arts would
appear to approximate to the deman'l more nearly

here than abroad. Our excellent schools are gradu-

ally supplying the want mentioned above, but they

shjuld be better endowed. The best thing govern-

ments and rich men can do is to give money to scien-

tific schools.

—

Ed. Van Nostrand's Magazine.
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THE BESSEMER PROCESS IN THE MAN-
UFACTURE OF COPPER.

By Franz Kupeltvieser, Professor at Lcobcn,
(Austria).

Translated from Oester. Zeitschrift.

No metallurgical process using exclusively

atmospheric air as oxidizing agent, is able to

produce a quicker and more energetic oxida-

tion than the pneumatic or Bessemer process.

It, therefore, must appear strange that this

process has not yet been used in any other

metallurgical manufacture than in that of

iron 'and steel, although oxidation plays such

an important part in the manufacture of other

metals, that their separation from each other

and their purification from noxious ingredi-

ents can in many instances not be effected

without it. The reason why the pneumatic

process has not before been used in the manu-
facture of other metals may be the following

:

The expenses for machinery necessary to

make such experiments are considered to be

very high. It is feared that a great loss of metal

will result from the pneumatic treatment of

most of these metals. It is expected that

experiments of this kind would have to be

made on a large scale, and consequently with

a risk of considerable quantities of metal, be-

cause it has been experienced in the treat-

ment of iron, that the Bessemer process does

not work to advantage when applied to small

quantities.

In considering, however, that the melting-

points of most of the other metals and of their

sulphides, when subjected to oxidizing pro-

cesses, do not rise to such an extent as that

of pig iron does in being converted into steel

or soft iron, but that the products of such

processes generally melt as easily as the

original substances or compounds, it appears

more than probable that the heat produced

by the combustion of the matters to be oxid-

ized, will be sufficient not only to replace the

heat lost by radiation, but also to keep the

final products in a fluid state even then, when
the process has been carried on with smaller

quantities. For small quantities of metal,

small vessels only and less powerful blowing-

apparatus are required, and the absolute

losses of metal caused by unsuccessful ex-

periments, are less to be feared.

To further encourage proprietors of metal-

lurgical works to undertake such experiments,

I publish the result of a successful trial of

this kind, as communicated to me by the

Russian mining engineer, Mr. Jossa.

This trial was made in 1868, at the smelt-

ing works of Wotkiusk, in the Ural Mount-
ains (Russia), with coarse metal of the fol-

lowing composition

:

Copper 31.54
Iron 39.41
Sulphur 25.29
Calcium 1.26
Slag 0.95

98.45

Charges of 40 pud=rl,450 lb. avoirdupois

of this metal were made in a small English
Bessemer converter. This converter had
been constructed originally for trials with
pig iron, and had a capacity of 100 to 120
pud of iron. It was, therefore, too large for

the mentioned quantity of copper metal. An
abundant quantity and pressure of blast was
furnished by the existing blowing engine,

and the conversion was lively and rapid. It

was intended in these first trials only to con-

centrate the metal, and not to produce black
copper. To see how long the blowing was to

be continued to advantage, samples of the

slag were taken at different stages of the

process. They were analyzed afterwards

and were found to be composed of:

Silicic acid

Alumina
Lime
Magnesia
Sesquioxide of iron

Peroxide of copper

No. 1.

34.46

4.73

3.06

0.33

55.26

2.13

No. 2. No. 3.

Sulphur 0.11

29.46

3.13

2.53

0.28

57.24

8.46

1.68

27.20
2.26

2.00

0.28

58.55

8.53

1.77

100.08 102.78 100.59
Containing metallic cop-

per 1.70 6.75 6.81

The product of the operations was con-

centrated metal, composed as follows :'

Copper 78.90
Iron
Sulphur
Calcium
Slag . .

.

0.94

16.63

1.04

2.44

99.95

From these notes, as communicated to me,

the following inferences may be made. The
coarse metal used is to be considered as one

of the purest ever made, not containing any

antimony, nor arsenic, lead, nickel, &c. The
only object of the oxidizing operation was,

therefore, the scorification of the iron, so as

to obtain a concentrated metal with a higher

percentage of copper. The last of the above

analyses shows that this task has been fulfilled
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by the pneumatic process in a very complete

and satisfactory manner. The iron in the met-

al has. in fact, been diminished to such an ex-

tent that the product, after being calcined,

can be converted into a very pure black cop-

per by a single melting process. It appears

that when air is blown through melted cop-

per metal, the oxygen does not affect the

copper as long as a sufficient quantity of iron

and sulphur is present. The iron is burnt

to protoxide, which unites with the slag, and

a considerable part of the sulphur is burnt

to sulphurous acid, which escapes. I may
add some remarks on the analysis No. 3 giv-

en above, which shows the composition of the

slag obtained, together with the concentrated

metal, at the end of the process. This slag

is very nearly composed like a singulosilicate,

and melts pretty easy, the greater part of its

basic constituents being compounds of metals.

According to Plattner's rules of estimation,

its melting point would be about 2300 deg.

Fahr. It is remarkable that the copper oc-

curs in these slags as peroxide, as it is

generally found to be present as protoxide in

such kinds of slags.

As the slag No. 3 contains 1.77 per cent

of sulphur which would combine with 6.34

per cent of copper, forming a protosulphuret,

it seems probable that the greater part of the

copper found in the slag, exists there in this

combination, as small particles of metal,

being mechanically mixed with the slag.

Thus the copper really oxidized and scori-

fied would be reduced to a very small per-

centage.

By means of the above analyses and of the

given weight of the coarse metal subjected

to the process, the weights of the products

may be approximately calculated thus

:

Weights in Pounds.

Coarse Concentrated Slag.

Copper
Iron

Sulphur
Calcium
Slag

Oxygen. silica,&c.

metal.

413.2
516.2

331.3

17.5

32.2

1,310.4

metal.

342.0
4.2

72.1

4.4

10.6

71.2

512.0

19.9

525.6

433.3 1,128.7

slowly. The products have, therefore, to be

kept in a fluid state for some time at the

close of the process, so as to avoid unneces-

sary losses of metal. Should the slag, how-

ever, contain a noticeable percentage of cop-

per, it can be melted over again in the blast-

furnace, as is generally done with the slags

resulting from the ordinary concentrating

process. A large amount of protoxide of

iron being formed during a pneumatic charge

made with coarse metal, a considerable quan-

tity (306 lb.) of silica is required to scorify

it. It might, therefore, prove advantageous

to add a certain weight of silica to the charge

to prevent a too rapid destruction of the

converter-lining. As regards the quantity

of blast required for the process, no direct

data have been given to me. But this can

easily be calculated from the amount of oxy-

gen necessary for the oxidation of the differ-

ent substances that were removed by the

process from the original coarse metal. In
neglecting the small quantities of calcium

and copper oxidized,

512 lb. of iron were oxidized with 146.2 lb. oxygen.
240 lb. of sulphur do 240.0 "

Total oxygen 386.0 lb., or

4,246 cub. ft. (Austrian),

To which added 15,973 " of nitrogen,

It is seen, from this calculation, that the

amount of slag is very large when compared
with the quantity of concentrated metal pro-

duced. As this slag contains a considerable

amount of iron, its specific weight cannot be
very much lower than that of the metal, and
the separation of the latter will take place

Gives us 20,219 of air.

Consequently about 1,500 cub. ft. of atmos-

pheric air are required for every 100 lb. of

coarse metal treated. From this the dura-

tion of a charge may be estimated at nearly

20 minutes.

The advantage resulting from the use of

the pneumatic process in the manufacture of

copper is chiefly this, that it enables us to con-

vert the coarse metal directly into a metal

so perfectly concentrated that, after being

calcined, a single smelting operation will

work it into black copper. Thus one cal-

cining and one smelting operation are en-

tirely avoided and the corresponding time,

fuel and labor are saved. Continued experi-

ments will decide in regard to the point up

to which the process has to be continued,

to obtain slags as poor in copper as possible.

This process is, however, advantageous only

in the larger copper works, where the ores

are melted in large reverberatory furnaces

holding as much metal as is required for a

Bessemer charge, so that the coarse metal

produced in these furnaces can be run

directly into the converter without being

remelted.

It is, nevertheless, desirable that further
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trials be made to make useful, for the manu-

facture of copper or other metals, a process

which achieves so great things in the metal-

lurgy of steel and iron. S.

FIRE AND BILGE PUMPS IN SHIPS.

ON THE LOCATION OF INDEPENDENT
STEAM FIRE AND BILGE PUMPS IN

STEAMERS.

From a paper by Chas. H. Hasweli,, Civil and
Marine Engineer, New York, read before the In-
stitution of Naval Architects.

Of all the instruments and appendages

connected with a marine steam engine, and

the provident fitting of a steamer, the inde-

pendent steam pump, or donkey, stands pre-

eminent in importance ; both on accouut of

its general utility and its being, under

many very probable and oft-occurring cir-

cumstances, indispensable to the safety of a

vessel. The applications of this instrument

extend from the ordinary operations of a

bilge pump and a boiler feed pump, to those

of a fire and a hold discharge pump.
When, therefore, the extended, and in

many cases, the indispensable operations of

this instrument are duly considered, it would
seem to be imperative that it should be lo-

cated where it can be most readily reached,

and where it can be operated for the longest

period without being submerged by water,

enveloped in smoke, or cut off by fire.

It occurs, however, that as a rule of Brit-

ish and European practice, that it is located

in the hold of steamers, immediately upon
the lower engine room floor ; this practice

taken in connection with the insufficient ca-

pacity of the pump for the general purposes

of fire and leaks, would seem to have arisen

from the functions of the pump, as viewed

by the constructors of the engines, being re-

stricted solely to the operation of feeding

and pumping out boilers. The cases in which
the location of the pump in the manner re-

ferred to are objectionable, are as follows:

1. A leak occurring in the furnace or water

bottom of a boiler, and the hot vapor arising

therefrom precluding access to the pump,
and the setting of it in operation, whereby
the water escaping from the boiler, not being

replaced by the operation of this pump,
would soon expose the tubes or crown plates

of the furnace to be burned, and the boiler

rendered thereby unsafe for operation.

2. A leak in the hull of a steamer sud-

denly occurring from a collision with ice,

another vessel, a pier or a sunken rock, or

the disruption of the propeller shaft stuffing-

box in a propeller, whereby the influx of

water would be fully equal to the combined
capacities of the pump and engines to dis-

charge. The distance between the pump and
the floor of the vessel, or the level of the

water in the hold, would be so little, that

any arrest of the pump from continuous ope-

ration, for adjustment or repair, would in-

volve its submersion before it could be set

in renewed operation.

3. A fire occurring upon the main deck of

a steamer, whereby the smoke would be

drawn into the engine and fire rooms by the

draught of the furnaces of the boilers, and
this pump rendered inutile by the impracti-

cability of reaching it to set it in operation.

4. A vessel grounded or stranded upon a

sand or soft bottom, and leaking; her pump,
from the ingress of sand and mud into her

hold, would require frequent clearance ; the

delays consequent upon which would cause

the pump to be submerged before it could be

freed and set in operation. The only de-

fence that ever has been advanced for this

violation of regard to the safety of a vessel,

in locating this pump, where in many cases

as here shown, it would necessarily be inope-

rative, is, that, in the event of the hold

being flooded with water, the fires in the

furnaces of a boiler would consequently be
drowned, and that, the steam wherewith to

operate this pump being obtained from

the boilers, its functions would cease with

the drowning of the fires. Admitting this po-

sition to be strictly tenable, it does not meet
the conditions of this pump, being arrested

in its operations by sand, mud, smoke or the

escape of steam. The position
. advanced,

however, is not one of general application,

as in a majority of cases, and especially in

this country, there is an independent boiler

connected with this pump, which, when lo-

cated upon the main or spar deck, and acting

independently of the engine boiler, its func-

tions would not be affected by the influx of

water into the hold of a vessel.

The common plea, that a pump located in

the hold of a steamer, below the water-line,

will operate more effectively than if located

upon the main deck, is only advanced by
some engine drivers, whose conceptions of a

steamer are restricted to the operations of

the engines and their dependencies, or by
some owners of steamers, who are disinclined

to incur the cost of a removal of the pump to

a proper location.

In this connection the capacity of this
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pump, proportionate to the dimensions of the

vessel, is worthy of consideration ; and, as a

further rule of practice, the capacity of this

pump in British and European steamers is

much inferior to that in use in this country.

The general security of lines in British ves-

sels, under the stringent requirements of

Lloyd's rules, has not generally opened the

subject of the propriety of using a steam

pump for other purposes than those referred

to, as confined to the operation of the boil-

ers of a vessel ; for, in many cases, this pump
cannot be used to draw water from the bilge

or hold of a vessel, and has not any fire hose

connections beyond the immediate precincts

of the engine room.

The capacity of this pump, proportionate

to the vessel in this country, may be judged

of from the following cases : A British steam-

er, now in this port, built upon the Clyde as

late as 1867, and belonging to a leading

company in the extent and character of its

trade, presents the following cases: I—-f-

X b —j = 3,230 tons has but one independent

pump, having a water cylinder of one gallon

capacity, or a discharging capacity of 12,000

gallons per hour, or 3.7 gallons per ton per

hour.

The new steamers of the Pacific Mail

Steamship Company, built in this city in

1867, present the following cases :

95
4,200 tons have four inde-

pendent pumps, having water cylinders of

17|- gallons capacity, or a discharging capa-

city of 136,500 gallons per hour, or 32.5 gal-

lons per ton per hour.

In further support of the position assumed,

I submit that there has occurred very many
cases where steamers have foundered, burned
or been wrecked in consequenoe of the loca-

tion of their independent steam pumps in

their holds. Three cases, and important

ones so far as the loss of lives and property

are concerned, can but be familiar to all.

The Arctic, foundered at sea, 1854, had two

independent pumps of a combined discharg-

ing capacity of 31,000 gallons per hour, and
an attached boiler, all of which were located

in her hold. When her bottom was perfo-

rated by collision with the sharp prow of an
iron steamer, the influx of water was supe-

rior to the capacity to discharge it, and for

the following causes

:

1st. Her independent boiler could not be

put in operation until steam was raised in it.

2d. Her floor being filled in solid, her

bilge injections could not operate effectually

until the water was fully two feet in depth,

in consequence of the roll of the vessel.

3d. At the time sufficient water had flowed

into the hold for the bilge injections to ope-

rate with their full capacity, the additional

depression of the vessel occasioned by this

influx of water had reduced the number of

revolutions of the engines, and consequently

their capacity to discharge the inflowing wa-

ter, added to which, the water at that height

washed the water bottoms and ash pits of

the boilers, and reduced their capacity to

furnish steam to operate the engines. Thus
with a constant flow of water the capacity to

discharge it was being rapidly lost,

It occurred, however, that there elapsed a

period of four hours after the collision, before

this vessel sunk, and as a computation made
by me of her entire weight as a mass, less

the actual displacement of every particle of

her and her cargo, gave but a difference of

1,000 (one thousand) tons, it appears that

the discharge of this weight of water, or

65,570 gallons per hour, would have left this

vessel free of water, and enabled her, so far

as that collision was concerned, to have

reached a port of safety. Now, as the capa-

city of her bilge injections, at even the re-

duced number of revolutions of ten, would
have been equal to 80,000 gallons of water

per hour, it is manifest that the loss of this

vessel at this time is directly attributable to

the location of her independent pumps and
their attached boiler.

The Austria, burned at sea in 1858, in

consequence of the smoke from a fire upon
the main deck pervading the engine room and
suffocating the watch, and as a consequence

precluding the operation of her pump as a

fire engine. The Britannia, lately foundered

at sea by the flow of water in her engine

room, and the submerging of her independ-

ent pump.
The remedy I propose for this objection-

able manner of the fitting of a steamer, is to

require this pump to be located upon the

main or tonnage deck, and that it have an
independent boiler attached to it, located

upon the main deck, or preferably upon the

spar deck, in vessels having two or more
decks ; and that all passenger steamers be
required to have this boiler ready for opera-

tion during the night, or during the preva-

lence of a foe.
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RETARDING RAILWAY TRAINS.

From "Engineering."

It is a somewhat curious fact that, while

during the past three years or so railway en-

gineers on the continent have largely adopt-

ed the plan of retarding trains by means of

counter-pressure exerted against the pistons

of the locomotives, the subject has received

practically little or no attention in this coun-

try. That the ordinary plan of retarding

trains by the application of brake blocks to

the wheels is at best but a very imperfect

one, it is impossible to deny ; and it appears

to us to be well worthy of consideration

whether it cannot, in many instances at all

events, be replaced by a less crude system.

On those lines, especially, which have long

inclines down which it is not safe to run the

trains without the application of some retard-

ing power, a more perfect method of effecting

that retardation than that at present in use

appears to be particularly desirable. On such

lines not only does the rapid wear of the

brake blocks introduce an important item

into the cost of working, but there is an ab-

solute waste of power caused by the use of

the brakes which it is most important should

be avoided.

A theoretically perfect brake would be one

which, while giving perfect command of the

train, should act as a kind of reservoir of

power, absorbing the energy or "work"
stored in the moving train, when the latter

has to be retarded, and giving it out again

as required, when a start has to be made or

the motion of the train accelerated. It is

scarcely necessary that we should observe

that these ends can never be fulfilled practi-

cally, even in the remotest degree, by any

brake acting on the principle of effecting re-

tardation by opposing frictional resistance.

We say practically, because, as far as theo-

retical principles are concerned, the applica-

tion of frictional resistance would cause the

transformation of the energy absorbed into

sensible heat, and this might theoretically be

again converted into its equivalent number
of foot-pounds of useful work

;
practically,

however, as we have said, this could not, of

course, be done. Practically, in fact, all

work expended in overcoming such frictional

resistance as is produced by brake blocks, is

lost beyond all hope of recovery; and in

searching after a more perfect method of re-

tarding railway trains, those forms of appa-

ratus in which friction alone is used as a re-

tarding power must therefore be avoided.

Our reasons for saying friction alone will

appear presently.

Leaving, then, friction brakes out of the

question, there are three principal methods
of retarding trains, which have at various

times occupied the attention of inventors.

Thus, in the first place, it has been proposed

that trains should be retarded by causing

them—through the intervention of suitable

gearing connected at pleasure with the wheels

—to coil or compress springs, these springs

being subsequently released, and caused to

give out their stored-up power to the train

when the latter had to be started. Some
very wonderful patents have been taken out

from brakes of this kind; but it is, we think,

unnecessary that we should say more of these

plans, as all engineers will at once see their

impracticability. Next, we have the sugges-

tions of those who propose to retard trains

by causing them to pump air into a reservoir,

the air thus compressed being in some cases

employed to furnish a motive power for assist-

ing in the starting of the train. We remem-
ber the designs of one inventor who, with a

desperate disregard of the £ s. d. side of the

question, proposed to fit a number of the

carriages on each train with cylinders, pis-

tons, connecting-rods, valve-gear, etc. ; it

being intended that when the train was to

be stopped this machinery (the valve-gear

being reversed) should be employed to pump
air into a mammoth reservoir carried in a

special carriage, and that when the train was

to be started the compressed air should be

admitted into the cylinders of the carriages

again, and made to serve as a driving power

as long as it would last. As an idea, this

plan was, no doubt, all very nice ; but we
fear that its chances of ever getting beyond
the ideal stage are exceedingly remote. Of
the various plans which have been proposed

for effecting the retardation of trains by ex-

pending their energy in effecting the com-

pression of air, the most practical is probably

that of Mr. De Bergue, which has been used

on the Northern, the Eastern, and the West-

ern railways of France, and also, we believe,

on one of the Spanish lines. Mr. De Bergue's

plan consists in reversing the engine when
the train is to be retarded, and causing the

pistons to pump air into a reservoir with

which the locomotive is provided ; this reser-

voir being fitted with a safety valve. To
prevent dust from being drawn into the cylin-

ders from the smokebox, the blast pipe is

shut off from communication with the latter

when the brake is in action, and air is ad-
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niitted through a valve provided for the pur-

pose. The results obtained with this brake

ou short inclines have, we understand, been

very satisfactory ; but we fear that for con-

tinued use on long inclines it would be un-

suitable, as there would be danger of trouble

arising from the heating of the pistons, pack-

ing, etc. ; moreover the work expended in

compressing the air is, in this instance, as

much lost as if it had been employed in over-

coming the frictional resistance opposed by
brake blocks.

The third class of brakes of which we in-

tend to speak here consists of those in which
the counter-pressure of the steam against the

pistons of the locomotive is employed as the

retarding power. Of these the best are those

of M. Le Chatelier, Herr von Landsee, and
Herr Krauss, each of which possesses certain

advantages of its own which entitle it to con-

sideration, and, we may add, certain disad-

vantages. Herr Krauss's plan* consists of

an arrangement by means of which the blast

nozzle can be closed, and the steam admitted
into the cylinders through the exhaust pipes,

instead of in the ordinary way; the steam
thus admitted being partly pumped back
again into the boiler through the exhaust
pipes, and partly discharged into the valve

chests, and thence through a valve into the

chimney. The slide valves, we should men-
tion, are constructed so that they cannot be
lifted from their places by the pressure of

the steam on the under side. According to

this plan the engine is not reversed when the

retarding power is to be applied, but the

course of the steam is merely changed in the

manner we have just mentioned.

In order to point out more clearly the

differences between this plan and those of

M. Le Chatelier and Herr von Landsee, let

us consider more minutely what goes on in

the cylinder when Herr Krauss's brake is in

action. For this purpose we shall confine

our attention to one cylinder, and suppose
the piston to be at the commencement of its

forward stroke. In this case the hind end
of the cylinder will be in communication
with the valve chest, while the whole of the

cylinder in front of the piston will be full of

steam, being in communication with the boil-

er through the exhaust pipe. As the piston

is forced forward by the motion of the engine
and train, this steam will be pumped back
again into the boiler, this action going on
until the exhaust port closes, and compres-

See "Engineering," p. 475, 1868.

sion begins—the compression continuing up
to what, in the ordinary course of working,
is the point of preadmission, when the front

end of the cylinder being placed in commu-
nication with the valve chest, the compressed
steam is discharged into the latter, from
which a portion of it passes through the valve
already mentioned, into the chimney. So far

we have considered what goes on at the front

end of the cylinder ; let us now examine what
occurs at the hind end during the forward
stroke of the piston. During the first part

of the stroke, the hind end of the cylinder

being in communication with the valve chest,

any steam that may be in the latter is ex-

panded into the cylinder, and this action

goes on until the piston arrives at what in

the ordinary course of working would be the

point of cut-oft". At this point communica-
tion with the valve chest is closed, and the

steam in the cylinder continues to expand
until the hind end of the cylinder is placed
in communication with the exhaust, when the

steam rushes in and fills the space behind the

piston, the supply being kept up until the

end of the stroke. It will thus be seen that

during the first portion of each stroke—or up
to what under ordinary circumstances is the

point of exhaust—the resistance to the mo-
tion of the piston consists of the full counter-

pressure of the steam in front of it, assisted

by a partial vacuum behind. During the

subsequent portion of the stroke, however,
the steam is, as we have shown, admitted
behind the piston, and the resistance to the

latter is then only that due to the difference

between the pressure of this steam and that

of the compressed steam in front of the pis-

ton. We have not yet had an opportunity
of inspecting indicator diagrams taken from
engines fitted with Herr Krauss's apparatus

;

but we should anticipate that the rise of

pressure which will take place during the

compression of the steam will in many in*

stances be so great as to be objectionable.

If this is the case, however, the objection

might be readily overcome by fitting a small

spring-loaded valve, opening outwards, to

each cylinder cover, these valves being of

course so loaded that they would not open
until the ordinary working pressure of the

steam had been considerably exceeded. It

will be noticed from the description we have
given that Herr Krauss's is not a " regenera-

tive " brake, or in other words, the work done
by the pistons in retarding the train is not

stored up for subsequent use. In other re-

spects we consider the arrangement a good one.
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The steam-repression brake of Herr von
Landsee in some respects resembles in its

action that of Herr Krauss's; but the mode
in which the results are obtained is differ-

ent. Like Herr Krauss, Herr von Landsee
does not reverse the engine, when the brake

is to be applied ; but he closes the exhaust

pipe, places the link motion nearly or quite

in mid-gear, and admits the steam against

the piston for nearly the whole stroke by

means of an auxiliary slide valve, worked by
an eccentric which is set without any angu-

lar advance. The employment of an addi-

tional valve, eccentric, etc., for each cylin-

der appears to us to be an important objec-

tion to Herr von Landsee's plan, and we
must confess that we cannot at present see

what advantages he can gain by his system
which will compensate for the additional

complication. We may remark here that in

both Herr Krauss's and Herr von Landsee's

plans, the cylinders are lubricated by the

steam in the same manner as during ordi-

nary working, so that there is no danger of

overheating, cutting, etc.

We now come to M. Le Chatelier's appa-

ratus, which has, during the past three years,

come into extensive use in France, more than

five hundred locomotives being fitted with it

on the Paris, Lyons and Mediterranean line

alone. The apparatus has also been applied

to a large number of engines on the Northern
railway of Spain and other Continental lines.

M. Le Chatelier's apparatus may be simply

described as an arrangement for enabling a

locomotive to be reversed whilst running

without danger of damaging the cylinders,

valve-faces, etc., by dust or grit drawn in

through the exhaust pipe from the smoke-
box. As fitted to the engines on the Paris

and Lyons railway the apparatus consists of

a closed copper box divided into three com-
partments, two of these compartments being

respectively connected with the steam and
water spaces of the boiler by suitable pipes,

while the third compartment is separated

from the two others by a partition having

formed in it ports covered bv small slide

valves. By means of these valves steam and
water can be admitted in regulated quantities

when required into the third compartment,
from which the mixture is conducted by a

pipe furnished with branches to the exhaust

pipes from the two cylinders. When the

engine is reversed, the mixture of water and
steam is admitted to the exhaust pipes, a

portion of this mixture escaping through the

exhaust nozzle, and preventing the ingress

of air from the smokebox, while the remain-
der is pumped by the action of the pistons

into the boiler. Recent experiments made
on the incline at Etampes, on the Paris and
Orleans railway, by MM. Forquenot and Le
Chatelier, have shown that the admission of

water alone, from the boiler into the exhaust
pipes, fully serves all the desired ends, with-

out the admixture of steam. When the water
is admitted to the exhaust passages in this

way the sudden relief of pressure causes it

to be diffused as a fine mist, a portion being
vaporised and escaping as steam through the

exhaust nozzle, whilst the remainder enters

the cylinders, and not only lubricates them
and the valve-faces, but is evaporated by the

heat developed by the friction, and is pumped
back as steam into the boiler. The experi-

ments with the apparatus have, in fact, shown
that when an incline is being descended, the

apparatus being in use, the pressure in the

boiler increases rapidly, while there is no
heating of the piston packing or valve-faces,

and, the pumping of air into the boiler being

prevented, the action of the injectors is not

interfered with. This latter is an important

point now that these instruments are so gene-

rally used for feeding locomotive boilers

;

and to ensure it, care should always be taken
in using M. Le Chatelier's apparatus that

there is a small escape of steam from the

exhaust nozzle.

The retarding power obtained by reversing

an engine, may be diminished or increased

by placing the valve motion nearer to or

further from mid-gear, and to enable this

adjustment, and also the reversal to be

effected with ease and safety while the engine

is running the locomotives on the Paris and
Lyons railway, fitted with M. Le Chatelier's

apparatus, have been also provided with

screw reversing gear, similar to that which
we illustrate on page 300 of our third vol-

ume. In any case, however, the retarding

power which M. Le Chatelier's arrangement
is capable of affording, is less than that

given by the plans of Herr Krauss and Herr
Landsee. This will be evident if we con-

sider what goes on during a stroke of the

piston when an engine is reversed ; and let

us suppose for example that, as before, the

piston is just commencing its forward stroke.

In this case, the engine being reversed, the

hind end of the cylinder will for a short

portion of the stroke (equal to the period of

preadmission in ordinary working) be in com-

munication with the valve chest, and steam

will thus be admitted. After the steam port
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is closed, there will be a period of expansion

lasting until the piston arrives at the point

which, if the engine was not reversed, would
correspond to the commencement of the ex-

haustion during the backward stroke of the

piston. On this point being reached the

hind end of the cylinder will be placed in

communication with the exhaust pipe, and
the mixture of steam and water will thus be

admitted from the latter into the cylinder.

This admission will continue up to the end
of the stroke. During the early part of the

return stroke, the communication between
the hind end of the cylinder and the exhaust

continues open, so that a portion of the vapor

admitted is forced back into the exhaust

pipe again; but on the piston reaching the

point which corresponds in ordinary working
to the commencement of the exhaustion dur-

ing the forward stroke, the communication
between the hind end of the cylinder and the

exhaust is shut off, and the vapor contained

in the cylinder is compressed by the piston.

Finally, when the piston reaches the point

corresponding to the cut-off of the steam
during the forward stroke, when the engine

is not reversed, the valve uncovers the steam
port leading to the hind end of the cylinder,

and the full pressure of the steam is admit-

ted against the piston during the remainder

of its stroke, the steam thus admitted, to-

gether with the vapor already in the cylinder,

being eventually forced back again into the

boiler.

Briefly stated, then, the difference between
the action of M. Le Chatelier's arrangement
and that of Herr Krauss is this—that in the

former the steam is admitted against the pis-

ton during a period corresponding to that of

the admission of steam behind the piston, if

the latter was moving in the opposite direc-

tion, and the engine was not reversed ; while,

according to Herr Krauss's plan, the period

of admission of the steam against the piston

corresponds to the duration of the exhaustion

in ordinary working. At slow speeds the

difference in the retarding powers of the

two plans is perhaps not so very great, but
when the engine is running fast the power
of M. Le Chatelier's system is considerably

diminished as compared with Herr Krauss's,

the comparatively slow opening of the steam
ports by the slide valve preventing the full

pressure from being maintained against the

piston, in the former case, for anything like

the theoretical distance.

The want of sufficient power is, we con-

sider, the only real objection to M. Le Cha-

telier's system ; and there are very many
circumstances in which even this objection

does not apply. According to experiments

made by M. Guebhard, of the Eastern rail-

way of France, a retarding power can be
obtained by M. Le Chatelier's arrangement
equal to about 40 per cent, of the full tract-

ive power of the engine ; and there are very
many cases in which this amount of retard-

ing power will prove amply sufficient. In
one respect M. Le Chatelier's system has a

decided advantage over Herr Krauss's or

Herr von Landsee's, and that consists in its

turning to useful account a portion of the

work performed by the pistons. The water
admitted into the cylinders takes up the

heat generated by the friction of the pistons,

etc., and, being converted into steam, carries

this heat back into the boiler. At first sight

this may appear a small matter, but the

experiments made by M. Ricour, on the

Northern railway of Spain, have shown that

in some instances the heat thus carried back
during the running of one kilometre with the

apparatus in action is equal to that generated

by the combustion of 2. '2 kilogrammes of coal,

or about 7§ lb. per mile. M. Le Chatelier's

apparatus may therefore lay fair claim to be-

longing to the class of "regenerative"
brakes.

The present article has^ready run to such

a length that we must leave untouched many
points connected with the subject on which
we have been writing, and must conclude by
saying a few words concerning an objection

that has been often raised against the

employment of any of the plans we have
described. This objection is that the em-
ployment of all "piston brakes," if we may
be allowed the expression, throws injurious

strain upon the working parts of the engines.

This objection we believe to be entirely with-

out foundation so long as the resistance

opposed to the motion of the pistons is not

so great as to cause slipping of the wheels.

Slipping is no doubt injurious in many ways
;

but we believe that it is very nearly as inju-

rious if caused by the application of brake

blocks as if caused by opposing resistances to

the pistons. In any case the strain which
can be thrown upon the connecting rods, etc.,

is limited by the adhesion of the driving or

coupled wheels, and we fail to see that these

strains can do more injury to the various

parts when tending to retard the motion of

the engine than when employed for the oppo-

site purpose.
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ROADS.

In an article on this subject, in the " New-

Jersey Courier," Mr. E. Sherman Gould, C.

E., after pointing out the importance of good

highways as feeders to railways, gives the

following results of experiments and prac-

tice in France, which, though not modern,

are standard and timely:

—

" According to a most instructive tract by
Gen. Sir John F. Burgoyne on the mainten-

ance of macadamised roads, there were in

France in 1835 some 45,000 miles of high

roads, over which the yearly draft of mer-

chandise was effected at an expense of about

ninety millions of dollars. The French engi-

neers calculated that at least one-third of

this amount or thirty millions of dollars

might be saved to the public by maintain-

ing the roads in the best possible condition,

and that not only at no additional cost, but

with a positive reduction of the then annual
expense of the maintenance. Now the French
engineers are not subject to slips in their

calculations, and it therefore becomes a most
profitable study to investigate the means by

wrhich they proposed to accomplish this aston-

ishing result. Briefly, they consisted first in

putting the roads in perfect order, and then

keeping them so. The system previously

pursued had been to use the roads with few

or no repairs up to the last moment it was
possible to drag a vehicle over them, and
then rebuild them entirely, preserving all

the elements, such as bad drainage and bad
foundations, which had already hastened

their destruction. To accomplish the im-

proved state of things, every attention was
paid to the formation of the road-bed, and
it was then subjected to a most minute and
unremitting surveillance by an organized

corps ; every inequality of surface was filled

up as soon as it occurred, and all waste mat-
ter was regularly removed, preferably as

dust, with brooms in dry weather, but some-
times also as mud, in wet weather, by hoes

and hand-scrapers, the horse-scraper being

abolished, as, battering the smooth surface.

It was found that by this system of constant

patching and sweeping, an immense saving

of material was effected, since no more was
put down than was absolutely required.

As an example of how far these calcula-

tions were verified, Gen. Burgoyne instances

the case of the post road between the towns
of Tours and Caen, a length of about 150
miles, which in 1836 was announced in an
official report as being in so bad a state,

that without a special credit of ten thousand
dollars and a great additional provision of

materials, there was danger that it would
become impassable. In January, 1837, its

reconstruction was commenced. In August,
1838, it was reported to be in a very good
and constantly improving state. In 1834
the mail had always required five horses,

and in one year eleven were lost by over-

work. In 1837 four to five horses were
required. In 1838 the number of horses

was reduced to three. In 1841 only two
were required of middling quality, and none
were lost from over-work. In 1839 a lighter

class of conveyances than that formerly em-
ployed was introduced, carrying nine passen-

gers, drawn by one horse at between seven and
eight miles an hour. The expenses of main-

tenance in 1837 were for materials $2,900;
labor $2,500; total $5,400. In 184! they

were for materials $810 ; for labor $2,200 ;

total $3,010. It will be thus seen that while

the expense for labor remained nearly the

same, the cost for materials diminished more
than two-thirds.

The improved roads of France are all, or

nearly all, macadamised. Their width varies

according to their tonnage. The portion de-

voted to vehicles is never less than sixteen

(16) feet. Ditches are dug on each side,

and when necessary the road-bed is under-

drained. The surface is slightly rounded,

and but slightly, for it is important that

vehicles should be able to stand upright on

any part of it, so as to discourage the ten-

dency to seek the center only, and produce

a more even wear. As far as possible, the

grades are kept between the limits at which
water will run, and at which a vehicle will

stand without running down hill by its own
weight ; when practicable not less than the

former nor greater than the latter. The
road-bed being properly prepared, it is

covered with about six inches of broken

stones, of such a size as to pass freely

through a ring 2J inches in diameter, the

stone being very carefully selected, chiefly

with regard to its toughness, basalts and

granites being the most esteemed. It is

then heavily rolled, with rollers ranging

from two to five tons in weight, the opera-

tion being repeated until the surface is com-
pressed into a smooth, solid crust, gravel

being slightly sprinkled over the road while

in process of rolling. The road being thus

brought to the highest degree of hardness

and smoothness, is never suffered to deterio-

rate. This is the secret at once of its great
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carrying efficiency, and the economy of its

repairs. The same reduction of shock and
friction which enables a team to draw a

heavy load swiftly over the surface, dimin-

ishes in a rapidly increasing proportion, its

wear and tear. On the other hand, the

incessant patching of the road wherever the

uniformity of the surface is in the slightest

degree impaired, reduces to a minimum the

interference with rapid traveling, the amount
of damage sustained at any given moment
by the road and the quantity of material

used in its maintenance, for the rough spots

are always few and small, the little hollows

formed in the road are never left to gain

ground by wear and water, and not a pound
of material is wasted.

Such are the leading principles which
govern road-making abroad, and such we
cannot but think the results to which our

efforts in this country should tend. It is

not, of course, to be hoped that, unaided as

we are by government interference, we can

attain to this degree of success in our roads,

but we may rest assured that the nearer we
approach to the path which the experience

of older countries indicates, the nearer we
will attain to the desiderata of a maximum
efficieiicy and a minimum expense.

RIVERSIDE CONSTRUCTION.

From a paper by Mr. Rowland Plumbe, A.R.I.B.A.,
read before the Architectural Association.

The author said that he would confine his

remarks principally to the description of a

riverside building which had lately been
erected, and to which his special attention

had been directed. The building was of the

warehouse description, of a great height,

and designed for the storage of heavy goods,

the floors being constructed to sustain five

cwt. per superficial foot. Not only was
there a frontage to the river, but the return

wall, for a distance of about 150 ft., formed
the side of a dock, part being built over and
part forming a wharf wall. Large and lofty

cellarage was required under the whole, the

floor line of which was to be nearly 12 ft.

under the highest water level. The tide

rose and fell against the whole length of the

front and side walls to a height of from 10
ft. to 13 ft. The special requirements un-
der such cases are, first, to secure a thor-

oughly good foundation, and, secondly, to

prevent the water from entering the cellars.

In describing the means of obtaining these

results, the author confined his attention to

such measures as he had either seen taken

or recommended by practical men, or had
himself directed to be carried out, avoiding

all recommendations found in books as being

of less value than a simple description of

the means used in a certain case with great

success.

River Wall.—The first question to be

determined in building the river wall is,

whether to construct a dam or to build the

work as the tide recedes. Wherever the

tides will allow of the construction of build-

ings without a dam, the question is practi-

cally settled by the much smaller cost en-

tailed, and the shorter time required for the

execution of the work. Assuming, then,

that the work is to be constructed without a

dam (i. e., by tide work), the water must be
pumped out of the trenches immediately the

excavations are lower than the mud bank of

the river. A convenient place must be

found for the engine, which should be of

from eight to twelve horse power, and the

pump should be capable of throwing out

about 1,200 gallons per minute. The posi-

tion of the engine will depend to a great

extent on the position chosen for the sump,
which should be placed as centrally as pos-

sible. The pump and engine being ready

for working, the first excavation made will

be for this sump, which is a well or receiver

for all the water to be raised from the

trenches, than which it should be sunk a

few feet deeper. The trenches are then

taken down to the requisite depth in lengths

of from 15 ft. to 20 ft. ; drain pipes of suit-

able diameter (say 6 in.) are laid along the

trench, and when the water has been pump-
ed out the concrete is filled in in layers to

the required depth, suspending operations,

of course, at each rise of the tide. The
next sections can then be excavated on

either side. The ends of the pipes laid

along the bottoms of the trenches are now
opened, to get rid of the water which has

accumulated in them. As additional sec-

tions of the trenches are excavated, other

lengths of pipes are connected with the

former ones, the concrete is filled in, and
the whole length of the foundations is easily

and efficiently drained. It is important

that the sump-hole should be excavated out-

side the trench. It should always be care-

fully filled up with fine Portland cement

concrete when clone with. The sides of the

excavations will have to be close planked on

each side, and carefully shored, and it is

important that the sheeting should be left in
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the excavation when the concrete is filled in,

the sides of the trenches not being suffi-

ciently firm to hold the concrete until it has

set, especially when disturbed by the draw-

ing out of the planking. A necessary pre-

caution in filling in and ramming is to pro-

tect the footings of the wall with concrete,

instead of filling in with ordinary material,

which is liable to be washed away by the

scour of the river. As a rule it will be ne-

cessary to excavate until the sharp clean

ballast is reached, and in any case it would

be prudent to go as low as the bed of the

river at its deepest part opposite the site of

the building. Some architects advocate the

forming of a foundation on a staging resting

on piles driven to a great depth. Recent
experience has, however, shown that this

system is certainly not preferable to concret-

ing, especially for heavy buildings, as the

scour of the river will frequently so under-

mine the earth against the piles that all I

lateral support is taken away. Added to
j

to this there are always chances of imper-
j

fectly driven piles and decaying timber ren- i

dering this form of foundation one of great I

risk. The concrete used should be a quick !

and hard-setting material. The author had

found fresh burnt, finely ground Portland

cement, especially made for hydraulic pur-
j

poses, and mixed with clean river ballast in

the proportion of one of the former to seven

of the latter,- to answer admirably. It

should not be thrown from a greater height

than necessary, nor should large quantities

be thrown in at a time, as in that case the
j

whole bed becomes jarred, and the process
|

of setting is interfered with. Where prac-

1

ticable, a strong gang of men working

alongside and throwing in the concrete with

the spade as it is mixed, will obtain tie

strongest foundation. It frequently hap-

pens that the spring and return waters ac-

cumulate so fast that it is necessary to have

the proportion of cement increased ; the

author had seen good work produced in

such cases by having the concrete mixed
dry, and again mixed with the water in the

trenches as it was thrown in. It is always

well to have a few sacks of cement ready to

throw into the trenches when there is a dan-

ger of the cement being washed out of the

ballast by the rapid ingress of the water.

The author next proceeded to describe a

formula for ascertaining the thickness of a

section of a river wall of given height to

resist a given pressure of water ; but any
formulae of this kind are of little value, be-

cause when the superincumbent walls are

built, and the weight of the same and of the

respective floors bearing upon them came on
the top of the river wall, perfect stability

would be obtained with a much less thick-

ness than would otherwise be necessary. A
less average thickness than six bricks would
not adequately suffice to keep out the water
and resist the impact of river craft. Even
when of this thickness special precautions

must be taken to guard against the first con-

tingency. The wall should be gradually

sloped up with footings from the concrete,

and should have a batter on the river side

of about one inch to a foot. The material

and build of the wall are of the highest im-

portance. In the wall referred to by the

author, the hardest and closest textured

stocks procurable were used, faced with

Staffordshire blue bricks, not dressed, but
of the ordinary building quality, built in

Portland cement, and pointed with neat

cement shortly after completion with an
ironed joint, bevelled so as not to retain the

water more than possible. In building the

wall itself too much care cannot be taken in

trying to make it as much like one mass as

possible, and in seeing that every joint is

thoroughly flushed up. Every coui se should

be grouted, and the cement used with as lit-

tle sand as possible, and never in more than

equal proportions. In cases of this kind it

is well not to trust to an ordinary workman
to mix the cement. A banquer should be

used, and the cement should be accurately

measured, as also the sand, the latter (how-

ever clean in appearance) being carefully

washed for use. No river wall is likely to

keep back the water, in the construction of

which imperfectly washed sand has been

used, or in which a larger proportion of sand

than cement has been employed. Roman
cement should be carefully avoided in such

cases, as its setting properties require more
care than can be depended upon on the part

of the ordinary run of bricklayers.

In order to render water-tight the wall

constructed by the author, he had used a

water-proof material built in its center, so

as to be free from injury or decay. The
wall was built in old English bond, and in

its center a space of about \\ in. was kept

between the stretching courses. This place

was filled in with asphalte, and the heading

courses were likewise bedded in asphalte.

The great difficulty in the way of success-

fully applying asphalte in such a position is

to keep the work sufficiently free from water
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until the asphhalte has cooled and set, for if

the least steam or vapor is generated, it is

liable to render the asphalte porous and
spongy. A good water-resisting surface

could be obtained by building up the center

of the wall in the same manner, but using

the cement quite neat, in conjunction with

hard Staffordshire blue bricks. To ensure

a waterproof wall the cement must really

be used neat, and must be sufficiently air

slaked as not to blow in the setting. The
careful washing and cleansing of the bed of

the work from the mud deposit after each

tide has receded, must on no account be

overlooked. Particularly must this deposit

be removed from the racking back or tooth-

ed edges of that section of the wall which

is above the other. Even a thin bed of mud
would be sufficient to destroy the continuity

of the cement work, and leakage would be

the result. As an extra precaution it would

be as well to point the inside face of the

wall in neat cement, well raking out the

joints and pointing with a flat trowelled

joint for limewhiting. Although stock

brickwork in cement is mostly used for

river walls, certain non-porous stones and
granite are sometimes used, but even with

these materials there will always be a ten-

dency for the water to find its way through

the joints. The gault bricks, lately so

largely used for sewer construction, are ad-

mirably adapted for river walls, provided

they are kept thoroughly soaked in water

before being used, for there is a danger of

the cement not thoroughly taking to this

kind of brick on account of its non-porous

and fine texture.

The wall having been built in sections of

from 15 ft. to 20 ft., the tidal water as it

advances and recedes completely surrounds

the whole wall at the same level during the

whole time of its construction, and conse-

quently it has at all times been free from the

pressure of the tides. But in order that the

inside banks may be cleared away and the

building proceeded with, it will be necessary

to shut out the water. Sufficient time must
be given for the work to thoroughly set, and
as a rule, it is better for a story or two of

the superincumbent walls to be built over

the river walls before shutting out the

water, as the additional weight is a great

help to stability. Six weeks or two months
having been given from the building of the

last section, and as much of the upper walls

as possible having been built, the whole of

the walls, every few feet apart, should be

shored with whaling and wall pieces, and
the wedges driven hand-tight, so as to resist

any outward pressure towards the inside

without forcing the wall outwards. This
having been done, the openings should be

carefully bricked up in neat cement, a tide

valve for the exit of the spring and other

water inserted, and the chief part of the

river wall will have been completed. Al-
though the tidal water comes up the face of

the wall nearly to the level of the floor

above the basement, it will be necessary to

have a damp course slightly below the level

of the basement floor. This can be of as-

phalte or of some of the glazed stoneware

damp courses now used, provided that they

are not perforated or so highly glazed as to

prevent the cement from properly adhering

to the joints and beds. A good material of

this kind would effectually prevent the water

from rising through the wall when under the

greatest pressure of the highest tide.

As there is a liability of a greater amount
of wear and tear at about the level of the

highest water mark, and as it is highly de-

sirable to have a good foundation for the

walls supporting the upper floors, and a

foundation of such a nature as to resist the

dampness that would constantly be liable to

arise from capillary attraction, it is usual to

put a granite kerb at about this level. This

should be in as long lengths as possible,

joggle-jointed, the bed being at least 12 in.

deep. For the protection of the wall from
river craft, timber fender piles should be

placed about 8 ft. apart. They are usually

of fir, and should be Kyanised or Burnet-

tised, or undergo some similar process.

They should be 12 in. square, and so fixed

to the wall as not to injure it in the event

of great strains or sudden shocks being

given to them. It is usual to bolt them
through the wall, but where possible this

mode of fixture should be avoided. A
strong cast iron shoe, with a suitable flange,

built into the wall to receive the bottom of

the pile, and a head of a similar character,

with a similar flange, both having bolt-holes,

and both being secured to the piles with

strong coach screws, will be found much
safer. Of course, in wharf walls having no

superstructure there will be no alternative

but to bolt through the walls.

In designing river walls especial care

should be taken to avoid projecting surfaces.

Any projections or indents render the barges

or other craft alongside liable to be caught

by them as the tide rises, and held there un
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til the water rises over and sinks them, or

until the wall itself was lifted or shaken.

To prevent such occurrences the bolt-heads

of the piles were frequently furnished with

flat circular cast iron roses, with holes sunk

for the bolt heads, but even this slight pro-

jection is objectionable. No projecting kerb

should be put along the edge of a wharf

wall, for it is sure to be lifted by the rising

of the craft.

Wharf Walls.—A wharf wall with no

superstructure upon it, and backed up by
the bank will, if about six bricks thick,

generally be found of sufficient strength.

But where cellars or arched vaults are re-

quired, it is necessary to add to its strength,

partly to resist the thrust of the arch, and
partly to strengthen the wall beyond any

fear of accident. The author had done this

by building up piers at the back, and spring-

ing segmental arches upon them in a longi-

tudinal direction, immediately over which

the skewback of the vault was formed. In

such instances it is always well to cover the

backs of the arches with asphalte, laid on in

two thicknesses, and with a slight fall to-

wards the river, so that any water percolat-

ing through the pitching might find its way
out down the ouside face of the wall.

Inland Walls.—On the land side, in

works of this nature, provision has to be

made against a permanent pressure of water

which accumulates from the landsprings and

other courses which, in such situations, al-

ways flowed towards the river. These being

intercepted by the buildings alongside the

river, it frequently happens that an outlet

does not occur for some considerable dis-

tance, and where this is the case the danger

of the water finding its way into the build-

ing is very great. As a rule, any system of

drainage below high water mark had better

be avoided, as depending upon receiving

tanks, penstocks, tide valves, and other

costly and uncertain arrangements. Any
self-acting apparatus is likely to get out of

order, and any machinery dependent on

manual labor may at any time fail through

neglect. In either case the result would be

the complete flooding of the basement. For
this reason all water should be kept entire-

ly out of the basement, but for this no or-

dinary precautions are needed. More fail-

ures occur in the inland walls in respect of

keeping out the water than in the river

walls. The concrete, for such walls should
be composed as before mentioned, or, if not,

of Portland cement, at least of hydraulic

lime. The walls should be, as a rule, at

least four bricks thick, even though not re-

quired to carry the superstructure. They
should be built in cement and of hard stocks,

in the manner described for the river wall,

and a water-resisting medium of the same
nature, as before described, should be built

up in the center of the wall. The wall on
the outside should be pointed with a bevel-

led trowelled joint, or, better still, should

be rendered in neat Portland cement. This

last precaution will generally prove the

cheapest and most efficacious in the long

run, although somewhat expensive at first.

A damp course, as before spoken of, will be
most necessary, or the water will rise on the

inside face of the wall, even from the con-

crete upwards, as, at extremely high tides,

there may sometimes be at the top of the

concrete a pressure of over 1,000 lb. per ft.

of water. A lining of puddle, 12 in. thick,

packed behind the wall as it rises from the

foundations, in lieu of the ordinary filling

in, will be most useful in keeping the water
away from the wall. For some classes of

goods it is desirable to have wooden floors

in the cellars. When this is the case, the

basement should be made lofty enough to

allow of such a floor being put in and the

requisite space for ventilation being provid-

ed under it.

The Floor.—Perhaps the floor is the

most important feature for keeping out the

water. In forming a judgment of the vari-

ous steps to be taken to render the base-

ment waterproof, it may be considered as a

huge tank, which must be made entirely and
at all points waterproof. Any waterproof
coating on the inside (which could easily be
got at) would, if put upon a sufficiently firm

backing, effect the purpose of holding

water. But to keep out water, the proper

place to put the resisting material would be

on the outside of the wall, the backing being

inside. By the description of the construc-

tion of the side walls, it will be seen that

this has been so far effected. In the build-

ing of the side walls the first precaution to-

wards keeping the water from rising up
through the floor will be to break the straight

joint at the juncture of the floor and walls.

Every alternate course of the brickwork be-

low the floor level should be built out at

least a quarter of a brick for a height of

eight or nine courses. The brick piers for

the supports of the floors should be similarly

constructed. The first layer of the floor

should be puddle, not less than 18 in. thick;
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this being sure to drive the water to the

walls, the value of the toothings will be

manifest. The puddle should be well ram-
med into these toothings. The next layer

should be formed of asphalte, a thin layer

of concrete (say 4 in. thick) being laid over

the puddle to receive it. The asphalte

should be laid on in at least two thicknesses,

and a row of hard bricks or gault tiles

should be bedded against the walls —
and especially the piers—until a good firm

hold has been obtained of the brickwork.

The asphalte should be carefully watched,
and, if possible, left till a high tide has

tried its resisting powers. Wherever the

least defect occurs, a gault tile laid over it

and another layer of asphalte laid over that

will probably stop it. At all events, the as-

phalte must be laid on layer after layer until

it has conquered the water, and it should

also be carefully trowelled against the up-

right work of the piers and walls as high as

the next layer, which is formed of Portland
cement and fine ballast, in the proportions

of one to five, and laid on 12 in. thick, the

upper 3 in. being grouted to form a floor or

to receive any floor that may be put on it.

This sets like one solid mass of stone, and
is most valuable in keeping the asphalte in

its place.

The asphalte is not put on the surface be-

cause the author had found, both in upright
and floor work, that, however efficacious it

is to resist mere dampness, owing to its

elastic nature, it parts from its backing and
blows and cracks wherever there is even a

slight pressure of water, and when once this

takes place, it is powerless to resist the in-

gress of water. Where, however, it is con-

fined between hard substances, such as those

used for the flooring, or between a brick

wall, it cannot move, and retains its water-

resisting qualities. The interior of the

walls should be coated with asphalte, and if

not found sufficiently dry to admit of that

operation, the joints should be raked out,

the surface hacked, and a lining of two
thicknesses of gault tiles bedded in neat
Portland cement, finished with a trowelled
surface, should be applied. This lining

should go down to the edging of the gault
tiles and asphalte, before mentioned, and the

asphalte should be turned up against it.

The cement should be the best obtainable,
and it should be turned out of the bags and
spread out for twenty-four hours before use
to avoid the chance of blowing in the setting.

If the tiles and cement are carefully applied

by plasterers, the walls will be rendered

waterproof. Mr. Plumbe, in conclusion,

said the precautions he had pointed out were
nearly all necessary for the successful exe-

cution of the description of work referred

to, and he could recommend them as having

practically tested them.

AIR-SURFACE CONDENSERS.
THEIR PRINCIPLES AND PROPORTIONS.

From " Engineering."

When a tube heated internally by steam
or other means is exposed to the air, it loses

heat in two ways, namely, by radiation and
by convexion, the amount of heat lost by
each of these means being subject to con-

siderable variation, according to the tempe-
rature of the tube itself, the temperature of

the air in contact with it, the temperature

of surrounding objects, and other circum-

stances. At low temperatures the loss by
radiation may be taken as sensibly propor-

tionate to the difference between the tempe-
ratures of the emitting and receiving bodies;

but at high temperatures, and with great

differences of temperature, this law does not
hold good. The loss of heat by convexion,

or by contact of the air, does not vary di-

rectly as the difference of temperature be-

tween the heated body and the air, but be-

comes proportionately greater as that differ-

ence is increased. The laws which govern
the cooling of heated bodies exposed to the

air are, in fact, somewhat complex, and we
shall not attempt to enter fully into their

consideration here, but shall merely apply to

the case under consideration the data which
have been obtained by reliable experiments.

The most valuable researches on the cool-

ing of heated bodies exposed to the air are

those of Dulong, who has deduced from his

experiments some excellent, though some-

what complicated, formulae for calculating

the loss of heat under different conditions.

According to the experiments of Dulong, a

horizontal pipe, 2 in. in diameter, contain-

ing steam at atmospheric pressure, and free-

ly exposed to air at a temperature of about
57°, would be subject to a loss of heat suf-

ficient to condense .34 lb. of steam of at-

mospheric pressure for each square foot of

exposed surface per hour. If the pipe were
filled with steam at a pressure of 100 lb.

per sq. in., the temperature of the external

air remaining the same, the loss of heat

would be sufficient to condense about 0.8 lb.

per square foot of surface per hour. These



528 VAN NOSTRAND'S ENGINEERING MAGAZINE.

results agree very closely with those ob-

tained in the course of ordinary practice by
Messrs. Perkins, who have had very con-

siderable experience in heating by steam

pipes. Messrs. Perkins have found that in

the case of pipes, charged with steam at a

pressure of 100 lb. per sq. in., about 100

sq. ft. of exposed surface are requisite to

condense per hour the steam produced by
the evaporation of a cubic foot of water,

whilst, when the steam in the pipes is of

atmospheric pressure, about 150 square feet

of surface are required to produce the same
result. The amounts of steam condensed

under the two circumstances were thus

0.625 lb. and 0.417 lb. per sq. ft. per hour,

quantities which agree very fairly with those

given by the researches of Dulong. These
results, it must be borne in mind, are due

to the combined losses by radiation and con-

tact of air ; but in the case of a surface

condenser, consisting of tubes surrounded

by steam and traversed bjT currents of air,

the loss of heat by radiation would be vastly

reduced, the cooling effect being almost en-

tirely due to the contact of air alone. Un-
der these circumstances the value of the

cooling surface would be diminished to

about one-half that of surface freely ex-

posed to the air, and instead of each square

foot being capable of condensing, per hour,

about ^ lb. of steam of atmospheric pres-

sure, it would onlj be capable of condensing

little more than half that quantity. On the

other hand, the steam discharged into the

condenser will, in all cases, have a tempera-

ture higher than that due to steam at atmos-

pheric pressure, and this excess of tempera-

ture, combined with the rapid circulation of

the air through the tubes, caused by a fan

or other contrivance, will, to some extent,

increase the efficiency of the condensing sur-

face ; and taking all these facts into con-

sideration, we may, we think, fairly estimate

Ahe value of such tube surface, as about

equal to that of freely exposed surface heat-

ed by steam at atmospheric pressure, each

square foot being capable of condensing,

say, ^ lb. of steam per hour.

Taking this fact as our starting point, let

us next ascertain the dimensions of an air-

surface condenser, suitable for such an en-

gine as that mentioned by our correspon-

dent. It is proposed that the boiler of this

engine should have 160 sq. ft. of heating

surface, and this surface is estimated to be
capable of evaporating 5 lb. of water per
square foot per hour. The total evaporation

would thus be 160 X 5 = 800 lb. of water
per hour; and, supposing the whole of the

steam produced to be used by the engine,

the condenser would require to have 800 x
3 = 2,400 sq. ft. of surface. Again, if we
suppose the condenser to be traversed by
tubes | in. in diameter inside, we should

have almost exactly -£-th of a sq. ft. of cool-

ing surface for each foot run of this tubing;

and to obtain the 2,400 sq. ft. of surface,

there would have to be 12,000 ft. run of

tubing in all. If the tubes were 6 ft. long,

2,000 of them would thus be required, and
these could probably be stowed within a

casing about 4 ft. 6 in. in diameter; or if

3,000 tubes, 4 ft. long, were employed to

make up the surface, they could be arranged
within a casing having a diameter of about

5 ft. 6 in. In estimating these dimensions
of the casing, we have supposed the dis-

tances between the tubes to be ^ in. The
weight of the condenser would be nearly, or

quite, three tons.

Next, let us calculate the quantity of air

which it would be necessary to supply to the

condenser in order to carry off the heat ab-

stracted by the steam ; and in making this

calculation we may fairly assume that the

steam would be discharged into the con-

denser at a pressure of about 15 lb. per sq.

in. above the atmosphere. The total heat

of steam at this pressure is 1,190°, and to

reduce a pound of such steam to water at a

temperature of 212°, there would have to

be abstracted 1,190—212 = 978 pound-de-

grees, or units of heat. Multiplying this

number by 800, the number of pounds of

steam to be condensed per hour, we get

800 X 978 = 782,400 as the number of units

of heat to be taken up per hour by the air

passed through the condenser. Now, the

specific heat of air, at the ordinary atmos-

pheric pressure, is to that of water as 0.238

to 1, and a unit, or pound-degree, of heat

1
will therefore raise a pound of air 77-^0- =
4.2°. If we assume that the air enters the

condenser at a temperature of 60°, and
leaves it at 120°, its temperature being thus

raised 60°, the quantity of air required will

be, according to the facts already stated, =
782 400 V 4-

k>

-= 55,721.5 lb. of air per hour.
60

At a temperature of 63°, the weight of air

is 0.0761 lb. per eft., and the above weight

would thus correspond to '
,,,

'' = 732.-
O.U7oi

213 cubic feet per hour.
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We now come to another point, namely,

the power requisite to furnish this supply of

air to the condenser. If we suppose the

latter to contain 2,000|in. tubes, 6 ft. long,

these tubes will have a combined sectional

area of 6.138 sq. ft., and the velocity at

which they would be traversed by the air

would be
6-13

7

8 x60X 60
= 33 '3 ft> Per se "

coud. To produce a flow of this velocity

there would be required, according to the

ordinary rules for calculating the flow of air,

and supposing no resistances from friction,

a difference of pressure at the two ends of

the condenser equal to a head of about

0.00916 lb. per sq. in. Again, in the case

of a | in. pipe a foot long, there is required

a difference of pressure of 0.000073 lb. per

sq. in. at the two ends, in order to overcome
the frictional resistances due to the trans-

mission of one cubic foot of air per minute;

and these resistances increase directly as the

length of the pipe, and as the square of the

quantity of air passed through it. In the

condenser with 2,000 tubes, each tube would

have to transmit p^-x ' ~n — 6.1017, or,
2,000 X 60

say, 6.1 cubic feet per minute, and, as the

pipes are 6 ft. long, the difference of pres-

sure at the two ends, to overcome the fric-

tional resistances due to the transmission of

this quantity, would be 6.1
2X 6x0.000073

= 0.01629798, or, say, 0.0163 lb. per sq,in.

Adding this pressure to that formerly ob-

tained as necessary to give the required

velocity of flow, we get 0.0163+0.00916 =
0.02546 lb. as the difference between the

pressures at the two ends of the condenser

tubes, requisite in order that they may
transmit the necessary quantity of air.

This difference of pressure of 0.02546 lb.

per sq. in. is the pressure against which the

fan—or other blowing apparatus employed
to supply air to the condenser—would have
to deliver the air ; and the net-work done
by the fan will be the same as if the whole

weight of air was raised to a height equal

to that of a column of air of uniform dens-

ity which would give the same pressure per

sq. in. on its base as that against which
the fan has to deliver. At the temperature
of 62° the height of a column of air giving

a pressure of 1 lb. per sq. in. on its base, is

1,892 ft., and the height corresponding to a

pressure of 0.02546 lb. per sq. in. is thus

1,892X0.02546 = 48.17032, or, say, 48.2 ft.

The total weight of air passed through the

condenser per hour being 55,721.5 lb., the

Vol. I.—No. 6.-36.

work to be done by the fan will amount to

55,721.5X48.2 AA „M n A „-=44.762.9 ft.-lb. per mm.
60

This, it must be remembered, is the net

amount of work performed by the fan, as

measured by the quantity of air delivered,

and it will form, probably, not more than
60 per cent, of the power required to drive

the fan, and consequently taken from the

engine. Taking the effective duty of the

fan as equal to 60 per cent, of the power ap-

t a 4. •* i ij .i i 44,763X100plied to it, we should thus have—:

—

~-

= 74,605 ft.-lb. of work per minute, or 2.26
horse power absorbed in driving the fan, an
amount probably equal to quite one-eighth

of the total indicated power developed by
the engine.

If, in place of 2,000 tubes 6 ft. long,

3,000 tubes 4 ft. long were used in the con-

denser, the power required to work the fan

would no doubt be very considerably reduced,

but it is unnecessary that we should do more
than point out this fact here. Quite apart

from the power absorbed in driving the fan

the air-surface condenser is rendered unfit

for application to a portable engine by rea-

son of its cumbrousness, and there are real-

ly but very few situations in which it can

be applied to engines of any class with ad-

vantage. So far as we are aware the only

method of increasing the efficiency of con-

densers of this class is by moistening the air

either by the injection of spray or other

means, or by causing the cooling surface to

be traversed by a thin film of water, as has

been successfully done in some instances.

RESISTANCE OF ARMOR PLATES.
From a paper by War. Fairbairn, C. E., LL. D.,

F. R. S., read before the Institute of Naval Ar-
chitects, March 18, 1869, and the ensuing dis-

cussion.

After a brief statement of the progress of

marine iron constructions from 1836 to the

present time, the paper stated that shortly

after the appointment of the Iron-plate Com-
mittee, guns of different calibers were em-
ployed in the experiments, from the wall

piece .87 in. bore and 5^ oz. of shot, to the

600-pounder breech-loader. The experiments

commenced in May, 1861, with the wall piece

and the smaller description of guns, and fin-

ished with the more powerful description of

ordnance in 1864, when the committee was
dissolved. During the continuance of the

gun experiments, it was considered necessary

that a similar class of experiments by stati-
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cal pressure should be conducted on the same
plates and targets, previously experimented

upon in their resistance to impact by shot,

the object being to determine the law of re-

sistance of armor plates, and to establish

formulae for the guidance of the artillerist

and engineer. Experiments were also made
on shearing, tension, compression, &c, and
the results obtained showed the density, te-

nacity, &c, of four different specimens—cut

from the armor plate, one of which was of

steel. The first series of experiments was
instituted to ascertain the tenacity, elasticity

and ductility of the plates from different

makers, and to ascertain what changes and
improvements were required to give the

maximum power of resistance. The result

of these experiments is given in the follow-

ing table

:

TABLE I.—On Tensile Strain.

7.7471
7.7684
7.7660
7-7666

24.453
25.169
24.569
25.031

.1769

.3703

.2658

.2689

* 5 3-*

4.844
7,620
7,314
7,538

The second series of experiments was upon
compression, yielding the following results

:

TABLE II.

—

On Compression.

Approximate
thickness of plate

in inches.

n
2

3

Mean ultimate
pressure per sq.

inch in tons.

90.967
90.967
90.967
90.967

Mean ultimate
compression per
unit of length.

.513

.518

.510

.511

The third and most important series of

experiments was that on punching and shear-

ing. It was supposed that the resistance of

armor plates to the impact of shot was anal-

ogous to that produced by statical pressure.

Under this supposition it was thought desir-

able to institute a series of experiments to

ascertain to what extent the law was applica-

ble to the resistance of iron plates by punch-
ing, in order to apply it to the more import-
ant experiments on impact. These experi-

ments—made with a flat-ended punch—fully

established the formula that the resistance

of armor plates to a force tending to perfo-

rate them, varies as the diameter of the

punch, multiplied by the thickness of the

plate or the depth of penetration.

Another series of experiments with a
round-ended punch was instituted by the

Iron-plate Committee for the purpose of

comparing the resistance of armor plates to

flat-ended and round-ended projectiles, and
tables were given to show that the statical

resistance to punching was about the same
whether the punch was round-ended or flat-

ended. The following is the general table

of comparison

:
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Mr. Scott Russell said, in regard to spheri-

cal shot, it was a well known law that if they

took a plate of the semi-diameter of the

spherical shot, it was just equal to the re-

sistance of the shot. If he took the experi-

mental column in Fig. 5, and took the semi-

diameter of the shot as given in the fourth

column, he saw, on the whole, no great de-

viation from this law; it seemed to be the sim-

plest possible expression of it. 1.22 was the
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semi-diameter of the shot, and 1.28 was the

maximum thickness of perforation. If he

took the next figure, 1.46, then the other,

1.80 was greater; if he took the next, 1.84,

then 2.35 was greater; and 2.34 was smaller,

and 2.8 was again greater. These were

elongated shot. As far as these experiments

went, it would appear simply thus, that for

the smaller diameter they might take the

semi-diameter of the shot as the thickness of

the plate ; but as the diameter became larger

it required a somewhat thicker plate to resist

it. That was a summary of the conclusions

given in the paper.

Mr. E. J. Eeed said this paper had a value

of a peculiar kind, because it placed before

the Institution the experimental results ob-

tained by Mr. Fairbairn in connection with

the investigations of the Iron-plate Commit-
tee, which investigations had up to that time

been a sealed book to the Institution and to

the public. Several points required expla-

nation. Among others the following: He
did not quite understand what was meant by
saying that the indentation was .37 with a

round-ended punch, and .1 with a flat-ended.

He presumed the undulation was measured

to the innermost point of the punch, and if

so, the comparison between the perforation

with the flat-ended and round-ended punch
would be very different to what the figures

represent. Again, he could not persuade

himself that the first formula written down
was strictly accurate; that, in point of fact,

the pressure was entirely proportionate to

either the thickness of the plate or the in-

dentation; because if they took the amount
of force expended in punching a plate, there

would be a very great variation in the

amount of force exerted upon that punch
during its passage through the plate. He
thought there would be a great diminution

of resistance per element of perforation in

proportion as they approached the inside of

the plate ; in other words, when they got

nearly through they finished the work much
more easily than when they commenced it,

and the formula that P raised twice r
a

, left

that quite out of consideration.

Mr. Bramwell said he gathered from the

paper that the experiments in punching plates

showed the resistance to be directly as the

diameter multiplied into the thickness of the

plate. The formula on which they agreed
put the value of a plate to increase as the

square of the thickness. If that were so, it

would seem the resistance of the plate to im-
pact was very considerably different in its

law to the resistance of the plate to punch-

ing. With regard to the round-ended punch,

it was stated in the reading of the paper that

the work done to perforate a plate by the

round-ended punch was greater than to per-

forate it by the flat-ended punch. In per-

forating armor plates by shot when there was
the same amount of work residing in the shot,

the shot with pointed ends did its work with
more facility than the flat-ended shot ; so

that there did seem to be a very considerable

contradiction between the different statements

in the paper.

he New Turret Ship " Captain."—
The armor-plated twin-screw turret ship

Captain, built by Messrs. Laird Brothers, of

Birkenhead, from the designs of Captain

Coles, as the representative ship of his tur-

ret system, was recently launched with her

engines on board and completely fitted.

There are two separate pairs of double

trunk engines, each pair driving a separate

screw propeller 17 ft. in diameter. The
collective force of the engines is 900 horse-

power, nominal. The general construction

of the hull of the Captain is similar to that

of the large armor-clad ships built for her

Majesty's navy. The turrets, two in num-
ber, and each carrying two 600-pounder 25
ton guns, project through circular openings

in the upper deck. The part exposed to

shot is covered with armor plates 10 in.

thick about the ports, and for one-third the

circumference, and with plates 9 in. thick

for the remainder, while the lower part and
all the gearing is protected by 8 in. armor
on the side of the hull. The height of the

center of metal of the guns is 12 ft. above
the water line, which will admit of their

being fought at sea in very heavy weather.

The turrets are each 29 ft. external and 22
ft. 6 in. internal diameter. The low part

below the armor sheaf is constructed in a

cellular form, large openings being left for

entrance and for passing in ammunition

;

these openings serve also to ventilate and
light the lower decks. The turrets are sup-

ported by a strong girder on the lower deck,

and revolve on a series of cast iron rollers,

being kept in position by a solid wrought
iron spindle securely fixed in the deck and
carried down to the orlop deck ; they are

fitted with a complete system of hand-turn-

ing gear in addition to the steam gear. This

steam gear is worked by a separate pair of

engines for each turret placed on the orlop

deck below the turret, where they are thor-
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oughly protected from any chance of injury.

The gear for starting these engines is so ar-

ranged that it may be worked either on the

lower deck outside the turret, or by a sys-

tem of rods led up through the central spin-

dle to the sighting platform by the captain

of the turret himself, who can thus take

aim and direct the guns in the turret.

—

The

Engineer.

Butchers' Steel Frogs.—The last re-

port of the chief engineer of the Read-
ing Railroad says :

" The result of our ex-

perience with the Wm. Butcher cast steel

reversible frogs has been very satisfactory.

Of 73 put down, only one has been remov-

ed, on account of defects at one end, and

none have been turned."

Another Proposed Ship Canal.—The
Greek correspondent of the " London

Times " writes :
" The project of cutting a

canal through the Isthmus of Corinth has

been again discussed at Athens, and some
people here think that circumstances render

the execution of the enterprise perfectly

practicable and ultimately useful, even

should it not be immediately profitable. In

a few months the work of M. de Lesseps at

the canal of Suez will be so far completed
that a number of powerful machines, admir-

ably suited for work at the Isthmus of

Corinth, may be obtained at a comparative-

ly small cost. Skilled workmen will also

be ready for employment, whose labor could

be obtained at an expenditure trifling in

comparison with what Greece would be call-

ed upon to pay under any other circum-

stances. No such favorable opportunity of

constructing a canal through the Isthmus of

Corinth is ever likely to recur. A glance

at the map of the Mediterranean shows how
important such a canal would be for the

trade of all the ports of France, Italy and
Austria with Smyrna, Constantinople and
the Black Sea. The ports at both ends of

the canal would not require any very great

expenditure, and the canal, if made, could

be kept open at very little cost. Its length

would be three miles and three-quarters, but
there is an elevated plain of limestone

through which it must be carried that rises

to an elevation of 250 ft. for a length of

more than a mile. It is calculated that to

construct a canal 150 ft. broad and 40 ft.

deep would require the excavation of about
12,000,000 cubic yards of rock and clay.

Whether the work would be profitable or

not to a commercial company, there can be
no doubt that it would be more useful to the

Greek nation, and would not cost more
money than a fleet of iron clads to drive the

Ottoman fleet out of the Archipelago, for

which the Hellenes are raising subscrip-

tions."

EFFECTS OF COLD UPON IROK
From " Engineering."

All railway experience in those countries

of which the climate presents extreme ranges

of temperature has shown that rails break far

oftener in winter than in summer. It has

been suggested that the chief reason is that

the road-bed, being frozen in winter, affords

no elasticity to the sleepers, the spring of

the ballast being supposed to afford a high
protective power. A theory advanced by
Mr. Colburn in 1863 has gained some accept-

ance, viz., that all iron is charged, to a

greater or less extent, within its pores, with
moisture. It is well known that water may
be forced, almost in spray, through the walls

of a hydraulic press cylinder under great

pressure, and all iron is found to be more or

less porous when the attempt is made to re-

tain highly compressed air within vessels

constructed of that material. It is a ques-

tion how far the great expansion of zinc, tin

and lead, indeed, of all the more fusible

metals when heated, is due merely and solely

to their low cohesive resistance, or to the

expansion of interstitial moisture acting

against a comparatively small resistance.

If moisture be present, as there is every

reason to believe it is in all iron, its freezing

will fully account for the failure of iron rails

in extremely cold weather.

In 1867 Mr. C. P. Sandberg, Swedish
Government Inspector for railway materials

for the railways of his native country, made
a most important series of experiments upon
the strength of rails at different tempera-

tures—ranging from 10° to 84° Fahrenheit.

To make sure that the question of the com-
parative rigidity of supports did not affect

the results, he made his trials upon the

planed surface of a granite rock, and upon
which were placed two bearing blocks of

granite, 4 ft. apart, upon which the trial

rails were laid. Each rail was tested with

a falling weight, a 9 cwt. iron ball raised

progressively to heights varying from 5 ft.

to ll ft. The following most important

table of results fully explains itself, and
shows how brittle were the rails in extreme

cold weather as compared with summer heat

:
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THE MARTINI-HENRY RIFLE.

rig. 1.

Fig. 2.

HJ=^-fcW^iSi.;

Fig. 4.

The question of the military arm of the

future, which has been so largely discussed in

England for some months, appears at last

to be definitely settled by the adoption of a

rifle bearing the above name. This weapon
is the joint production of two inventors

—

Mr. Martini and Mr. Henry—the breech

mechanism of the former and the rifling of

the latter having been adopted by the Gov-
ernment. The progressive steps which

have led to the final selection of this arm
have been previously referred to. Nine
breech-loaders were selected from more
than a hundred which competed, and the

final arm was selected from these. The arm
has yet to be tested in practical use by the

troops, a limited number of which will be
first supplied with the new rifle. But we
have no reason to apprehend that this trial

will not lead to its final and general adop-

tion in the English army ; indeed, judging

from the severe tests it has undergone at

the hands of the Small Arms Committee,
we should say there was no chance of failure

on any point.

The breech mechanism, as adopted, we
illustrate in our engraving, figs. 1 and 2, from

which it will be seen that it is extremely

simple in construction. Fig. 1 shows the

breech closed with the striker forward, and
fig 2, the breech open ready for loading.

The breech block A works on a pin, and
contains the striker B, surrounded with its

main spring. This striker is confined in its

chamber by the hollow screw C. The bot-

tom of the breech block is slotted to allow

the end of the tumbler D to engage with

the striker. The tumbler is mounted on
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the axis K, which is squared at the point of

contact with the tumbler, so that as the

tumbler is raised or depressed the axis

moves with it and so alters the position of

an indicator outside the loc^. The hand
lever G-, in its downward movement, serves

to open the breech and draw back the sriker.

The tumbler moving with the lever engages
itself on the nose F of the trigger. A fur-

ther continued downward movement of the

lever G- acts against the inner face of the

hollow screw C, and causes the breech block

A to lower itself on its pin as a center.

The upper part of the lever Gr is forked,

and embraces the tumbler as shown at E E,
fig. 3. As the lever is pressed down, the

breech block is opened, and, as it moves,
the tumbler is forced back, drawing back
the striker, and compressing the main spring

at the same time, till the nose F of the trig-

ger engages with the tumbler rest. The
object of the tumbler rest is to relieve the

trigger from the whole weight of the tum-
bler and main spring. As the trigger is

pressed, its first movement relieves the tum-
bler from its rest. The whole weight of

the spring is now on the trigger, and a fur-

ther pressure releases it. The working of

the extractor is easily understood from a

glance at the engraving; but at the same
time it will be well to remark that the lower
arm of the extractor H is so shaped that

the first impact of the breech block with it

serves to loosen the cartridge case in the

chamber ; then, as it further descends, the

motion of the extractor is more rapid, and
the case is ejected clear of the gun. Fig. 3

is a transverse section of the breech block
mechanism through the plane x y, fig. 1.

In the early patterns of the Martini sys-

tem an indicating pin was provided at the

back of the breech block and in the upper
part of the stock, which projected when the

arm was cocked. This indicator was work-
ed by the head of the striker, and as it was
found to get out of order, another and more
simple indicator was substituted. As men-
tioned above, this last improvement is fixed

on the end of the tumbler axis, and there-

fore shows exactly the position of the tum-
bler. In order to obviate any danger that

might arise through carrying the arm loaded
and cocked, the committee added a safety

bolt S, which engages with the trigger, and
prevents it being moved. Other minor im-
provements have been made, such as light-

ening the cleaning rod, and modifying the
shape and position of the sight.

The cartridge for this rifle is the inven-

tion of Mr. Henry, and, as it will be con-

tained in a central-fire Boxer case, it is

called the Boxer-Henry cartridge. It is

450 gauge, the bullet weighing 480 grains,

and is composed of lead hardened with tin.

A paper wrapper is placed round the bullet,

the edges being returned into a slight cavity

at its base. Pure beeswax is used for lubri-

cation, and is placed between three discs

made from jute cardboard. The charge
consists of eighty-five grains of powder.
This cartridge is shown in section in the

barrel of the rifle at fig. 1.

Turning from the breech mechanism and
the cartridge to the barrel of the new arm,
we may observe that it is 35 in. in length,

and is rifled upon Mr. Henry's principle,

shown in section in fig 4. This is known as

the polygonal system, and is seven-sided.

Down each angle formed by the intersection

of the planes of the polygon is a raised rib,

which is tangential to the same imaginary
circle as that to which the plane sides of

the bore are tangential. This form of

rifling leaves the bore more cylindrical

than any other, except perhaps the Arm-
strong many-grooved system. In it what
Mr. Henry terms a re-entering angle is

formed, thus affording to the bullet a bear-

ing at fourteen points instead of seven. The
pitch of the rifling is one turn in 22 in., the

caliber being 400 of an inch. The Henry
barrel has proved itself singularly free from
fouling, and the excellency of the rifling

has fully maintained itself to the last. A
rifle on this principle was fired 3,000 times

without its accuracy being in the least de-

gree impaired. With the cartridge above
described, the Woolwich practice in the

latest trials has habitually given the un-

paralleled 'esult of lodging the bullets in a

square of about 2^ ft. at a range of 1,200
yards.

—

Mechanics' Magazine.

ew Kailway Bridges—The Key-
1^1 stone Bridge Co.—The Newport and
Cincinnati bridge, now in charge of Mr.
Linville, President of the Keystone Bridge

Co., has the greatest span of permanent rail-

way bridge truss on this continent, viz., 420
ft. The same engineer is erecting an iron

bridge over the Mississippi, at Keokuk, con-

sisting of eight spans of 164 ft. 6 in., two
spans of 250 ft., and a pivot span of 370 ft.

This bridge is designed for railway and road

way traffic, the width in the clear being 20

ft. It is proportioned to carry a rolling
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load of 3,000 lb. per foot with 6 as a factor

of safety.

The Keystone Bridge Co. are erecting

one of their patent pivot spans of iron, 360

ft. in length, at Kansas City, the remainder

of the bridge being of wood, with wrought

iron lower chords, from the designs of 0.

Chanute, chief engineer. The spans vary

from 140 to 250 ft. The same company is

erecting a double track iron bridge for the

New Jersey R. R. and Trans. Co., at New-
ark, with two permanent spans of 96 and
115 ft., and a pivot span of 217 ft.

The great wooden bridge over the Susque-

hanna, at Columbia (to replace the one de-

stroyed after the battle of Gettysburg), con-

sists of 26 spans of 200 ft. each, one span

of 150 ft. and two iron spans of 100 ft. each.

This was designed by Mr. Linville, and
erected by the same builders—some 6,000

ft. in length in all—between May and De-
cember, 1868. Numerous smaller iron

bridges are building by the same company
for the Pennsylvania, Fort Wayne and Chi-

cago, Northern Central and other roads.

Most of the iron bridges on the Pennsylva-

nia Railway, and those on the Connecting

Railway at Philadelphia, were designed by
Mr. Linville. Several of them are large

works, such as the iron span of 262^ ft. over

the Schuylkill.

EXPERIENCE IN DESIGN.
From "Engineering."

Engineers are frequently called upon to

design structures, the proper proportions of

which cannot possibly be determined by any
process of mathematical investigation, no

matter how refined or laborious. Under
such conditions a careful consideration of

similar works already executed is absolutely

imperative. The successes attained and the

defects evinced in many of the works of our

predecessors afford evidence which it would
be inexcusable to neglect. "Sciium est peri-

culum ex aliis facere, tibi quid, ex usu siet"

is as sound a piece of advice now as it was
2,000 years ago, and to no one does it more
forcibly address itself than to the young en-

gineer. The mathematical training every

student of engineering now undergoes is

somewhat apt to give him an excess of con-

fidence in the exactness of his own deduc-
tions, little less objectionable in its practical

effect than the timid and slavish adherence
to precedent evinced by the proverbial
" practical " man. He is, by the same sys-

tem of training, led to form a ridiculously

low estimate of the extent to which the

most approved practice of the present day

is indebted to inductive processes. By fur

the larger proportion of the varied problems

the civil engineer is called upon to entertain

will be most readily and satisfactorily solved

by deducing the required result from certain

data previously arrived at by the process of

induction. In one respect the science of

engineering differs from most of the other

exact sciences, inasmuch as it is seldom ne-

cessary to investigate any problem extensive-

ly by induction ; the practically correct, and
not the theoretically exact, solution is the

requirement of the engineer, and it is,

therefore, merely necessary for him to trace

back sufficiently far to allow of that end
being attained. Thus, an analysis of expe-

riments on the transverse strength of beams
indicated the existence of an element of

strength dependant upon the form of cross

section, and varying with the nature of the

material ; and in the same manner the re-

sistance of long columns has been found in

practice to be higher than theory indicated.

In each of these instances it is only neces-

sary for the engineer to ascertain enough of

the laws governing the increased resistance

to enable him to include that element in his

calculations, and it is not necessary, al-

though it may be interesting, to ascertain

the first cause of the anomalies exhibited in

many of the experiments.

The structures falling within the province

of the civil engineer are generally so far

analogous as to render the ordinary plan of

procedure by deduction quite justifiable

;

but with the mechanical engineer it is other-

wise. The conditions under which his works

are placed are so involved, and they are so

often liable to strains of literally indetermi-

nate amount, that any attempt to generalize

would be perfectly futile. Thus, given the

resistance of a cylindrical bar of wrought

iron to a bending, and also to a twisting

stress, who could presume from such data to

deduce the proper proportions and sections

of the crank shaft of an inside cylinder lo-

comotive ? It would be necessary to elimi-

nate the bending stress, and that alone

would be made up of the several elements

due to the reaction of the driving wheel

springs on the roughest portions of the line,

of lateral blows on the flanges of the wheels,

of the steam pressure on the piston, and of

the vis viva of the gear and the crank shaft

itself. When we consider the form of the



VAN NOSTRAND'S ENGINEERING MAGAZINE. 537

member which has to sustain these constant-

ly varying stresses, in conjunction with tor-

sional and other strains, it is very apparent

that the necessary section and the most
economic distribution of the material could

only be arrived at by a strictly inductive

process. Who, again, could attempt to

compute the section of tyre desirable for

the driving wheels of the same engine, and
yet the practical identity of the proportions

adopted by the different makers in this and
in other countries, both for the tyre and the

crank shaft, clearly prove that these appar-

ently indeterminate problems have been

solved by induction with as much exactness

as the tensional strength of a two inch

square bar may be arrived at by deduction

from that of an inch square bar. These
considerations should prove reassuring to

the civil engineer when confronted with

problems of more than average intricacy.

Complex formulas are rarely resorted to

by experienced practical men, the reason for

which will probably be found in the fact

that too great attention to minutia in the

calculations is apt to make a man ima-
gine that the chief portion of his work is

accomplished when he has solved the prob-

lems relating to strains in the structure, and
so induce him to overlook some apparently

trifling practical detail, the neglect of

which might, after all, be of sufficient

moment to cause his work to be classified as

a warning rather than as an example. No
intelligent engineer, when designing a com-
plicated structure, hesitates to throw over
entirely his theoretical deductions, should

the proportions thus determined appear un-

satisfactory to the eye, because experience

has taught him that, in nine cases out of

ten, the discrepancy between the proportions

deduced and those anticipated is due to the

falseness of the hypothesis upon which the

theoretical conclusions were based, and not
to any error of judgment in that very trust-

worthy guide—the experienced eye.

We doubt whether that historical faux
pas, the continuous fish-bellied rail, is justly

credited to a member of our profession.

We think the idea must have originated

with some worthy mathematician, who fond-

ly imagined that perfection was approached
in exact proportion to the number of deci-

mal places in his calculated ordinates. A
purely practical man would, we feel sure,

have instinctively rejected the pseudo-
scientific form, although he may not
have been able to point out the error in

the hypothesis to which the vicious result

was due.

Many other instances might be cited

where purely theoretical deductions are

equally at fault ; as a case in point we may
refer briefly to the bracing of a bow-string

bridge. Numerous and elaborate formulae

are to be found in French and German text

books, professing to define the exact value

of the maximum strain occurring upon each
tie and strut under the passage of a moving
load, but unfortunately in nearly every in-

stance these formulae are based upon the

hypothesis that the system is perfectly rigid,

or, in other words, that the length of each
member of the bridge will remain constant

under every degree of strain. Now we
know that some deflection must necessarily

follow the application of each successive in-

crement of load, however small, and we
know also that such deflection could not
take place unless the length of every mem-
ber in the bridge differed, plus or minus,
from its original amount. This of course is

due to the elasticity of the material, and
the complicating conditions thus introduced
are so embarrassing, varying as they do with
the relative sectional areas of arched rib,

tie, and bracing at each portion of the
length, that it would be an almost endless

task to deduce the exact mathematical value
of the maximum strain occurring upon each
member of a bowstring bridge under a roll-

ing load of known intensity. No intelligent

engineer wastes his time in the investigation

of such problems, because he knows that

after all the result of his labor would be of
no practical value.

It would have been assumed that the
whole of the metal in the bridge was in a

state of molecular equilibrium in the ab-

sence of any external stress, or else that

certain members were subjected to initial

strains of known intensity. To enable the

first hypothesis to obtain, the bars aud plates

would all have to be of precisely the requir-

ed length, and accurately fitting, whereas in

practice we know that in the process'of rivet-

ing one bar would be drawn up tight, whilst

probably the adjacent one would be quite

slack, or even present a permanent lateral

curvature. Or, again, in putting the girder

together it may have been necessary to
" draw out " one of the ties to make it fit

into its place, and, probably enough, it

would have been riveted up when quite hot;

but this apparently trifling, and certainly

unavoidable, practical contingency would be
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sufficient in many instances to augment the

laboriously deduced theoretical strain as

much as 50 per cent. If cotters were in-

troduced, either for the purpose of securing

uniform or initial strain, the value of the

result would be entirely dependent upon the

intelligence of the men entrusted with the

cottering up ; and with the best arrange-

ments the degree of uncertainty would be

little less than the previous instance. It is

quite possible to obtain, by mere inspection,

the strains on the several members of a

bowstring bridge within 25 per cent, of the

amount which would be given by the most
elaborate mathematical analysis ; conse-

quently, remembering that it is impossible

to make sure in practice of approximating
even within 50 per cent, to the exactly de-

duced result, we think the adoption of an
elaborate method of calculation for the

minor members of a bowstring bridge, and
for similar reasons for the strains upon an
almost infinite variety of other structures

also, only serves to prove that the conditions

of the problems are imperfectly appreciated

by those attempting to solve them.

HORSE POWER.
From a paper read by J. S. Holland, C. E., R. N.,

Assoc. I. N. A., before the Institution of Naval
Architects.

The principal use of the steam engine at

its first introduction was to pump water out
of mines ; it easily followed that the new
engine should be compared with horses then
in use for pumping, hence the term horse
power of an engine. Watt would undertake
to make an engine do the work of so many
horses. Being generous he considered that

a horse could raise 33,000 lb. one foot high
in a minute; he fixed upon that for his

horse power. And although he knew that
the mean pressure per square inch of his

piston would be more than 71b., he, to avoid
all cavil with his customers, generously fixed

upon 7 lb. as one of his factors in calculat-

ing horse power.
Knowing that a long stroke engine could

work easier at a high velocity than a short
stroke, he formed for himself a table of ve-

locities of pistons for various strokes, and,
at the time, it was formed on sound princi-
ples. So far as marine engines are concern-
ed that table has long been obsolete. The
7 lb. are still retained, but the engineer is

allowed to fix his own velocity of piston in
his tender on negotiation with the shipowner.

This brings me to the subject of this paper.

It is the false statement in the tender that

I object to. Let us see what takes place at

the beginning of a pair of marine engines.

Assume that after every consideration has
been given to the subject, a power of 6,000
horses will have to be developed. He cal-

culates what he can do in the way of pres-

sure on the piston, he then fixes his velocity,

which being determined, the diameter of

cylinder follows as a matter of course; he
then determines the firegrate and heating

surface of his boiler, and the work is done.

All this time he has never thought of such
a thing as nominal horse power. Yet there

i3 something else to be done. If the ship-

owner likes to have his engines working up
to six times their nominal horse power,
clearly there is nothing left for the engineer

but to christen his engines 1,000 nominal
horse power, and if the shipowner likes to

be cheated a little more you have only to

christen the engines 600 nominal horse

power, and you have ten times the nominal
horse power. You may accommodate the

shipowner to any extent, but you must not

tamper with the power to be indicated.

A case is now before me. An engineer

stated in his tender that the revolutions

would be 41 per minute, in working they

went more than 88 per minute, the pressure

was about 22 lb. Now, the pressure being

over three times the nominal and the velo-

city twice, he counted over six times the

nominal horse power, and was patted on the

back accordingly. Tf we are to have nomi-
nal horse power retained, we must stick to

the old 7 lb. and reckon fairly and honestly

the velocity expected. Then, if the engi-

neer has made no blunder the engines will

move very near the expected velocity, and
if they do and give out three times the

nominal power, we know that there was a

pressure of about 21 lb. In the case I have
named the engineer knew well that his en-

gines would go 88 revolutions ; he made
his screw and his boilers to suit the num-
ber of revolutions. The question may be
asked, why did he give forty-four revo-

lutions ? The answer is plain enough

:

there is a demand in the market for engines

that, under one pretence or another, can be
said to have contained their nominal horse

power so many times in their indicated pow-
er, and where there is a demand there will

always be a supply. It is against this prac-

tice I enter my protest.

If shipowners and shipbuilders knew the
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contents of this paper, we would have little

more chuckling of six, seven, or ten times

the nominal power. If nominal horse power
is to be retained let the pressure be still 7

lb. ; let the engineer state fairly his expect-

ed velocity, and let credit be given to him
for getting as much pressure into his cylin-

der as he can from a given boiler pressure,

and for coming near to his predicted velo-

city.

As for nominal high pressure there is no

such thing. As it would be better to keep
nominal power and indicated power as wide
apart as possible, I would propose that what
is very nearly an average, 10 lb., should be

taken as the mean pressure. Nominal horse

power has been called a commercial mea-
sure. If it ever was, it is no such thing

now. Engineers know nothing about it

;

they are required to produce so much effec-

tive power, and they set about to do it. It

will weigh so much, cost so much, and they

make up their accounts.

I propose to abolish the term nominal
horse power altogether ; it is not only use-

less, but pernicious. Shipbuilders are not

called on to make vessels carry six or ten

times their nominal tonnage, and, I ask,

why should not engineers be allowed to be
put on an equality with them, and have the

privilege of calling a spade a spade ?

RAILWAY FERRIES.
From a paper read before the Institution of Naval

Architects, by J. Scott llussell, Esq., F. R. S.

One i of the great unsolved problems of

modern engineering is to complete the want-
ing links of European railway communica-
tion by joining Dover to Calais. That is

the missing link in the unity of European
civilization. It is also the missing link in

material commerce. Railway trains laden
with the wealth of nations run smoothly
down to the banks of the sea on either side,

and are there abruptly stopped— rudely
broken up—their contents strewed over the

quays—craned and laden into ships—un-
craned and unladen on the other side

—

again stowed on wagons before they can con-
tinue their second railway journey, and
thus, on a short sea gap of some 20 miles,

endure more delay, undergo more wear and
tear, and cost more money than on a hun-
dred miles of railway.

That which is merely wasteful and costly
in the transport of material merchandise,
becomes degrading and barbarous when ap-

plied to human beings. The transport of

civilized human beings between the king-

dom of Great Britain and the empire of

France is disgraceful to two civilized na-

tions. The traffic of human beings between
Calais and Dover frequently exemplifies

some of the worst features which have been
pictured of the African slave trade. We
are told of 150 negroes huddled under the

decks of a ship where they have not even
room to lie down—where the air is pestifer-

ous—where human beings are willing almost

to throw themselves overboard to escape a

state of existence that has become intoler-

able. What we have seen between Calais

and Dover is, a hundred, or a couple of hun-

dred, civilized human beings, citizens of re-

fined communities, systematically huddled
under decks, where there was neither room
for comfort, rest, ventilation, cleanliness,

nor health. We have seen fifty delicate,

refined women crammed into a cell where
they had just room to sit jammed together

on the floor. Just before starting a benevo-

lent stewardess placed on the knees of each

a convenient basin, and, a few minutes later,

an anxious husband, descending from the

wet deck to inquire after the welfare of his

delicate wife, found it hard to endure the

close, confined atmosphere to which, never-

theless, he was obliged to abandon her.

Which of us has not passed over this pur-

gatory without meeting some intelligent

foreigner who swore that never again would
he pay such a penalty for visiting England,
and never would he counsel man or woman
of his acquaintance to undergo the miseries

and humiliation of this miserable passage

over the sea channel

!

In truth, this great international commu-
nication between Europe and England is a

degradation to all who endure it—a disgrace

to three great railway companies—a blot on
the administration of a great Emperor ; and
when we think ourselves the most practical

nation in the world, we are really perpetu-

ating a great arterial system of communica-
tion which is barbarous and thoroughly un-

practical.

It is well, therefore, to consider, in this

meeting of naval architects and marine en-

gineers, whether this state of international

communication arises from any impossibility

or impracticability standing in the way of

expeditious, comfortable, and economical

means of railway transport over the sea, or

whether the causes are moral, financial, or

intellectual incapacity in those who have the
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duty and responsibility of providing this

public highway.

First, therefore, I may state that it is not

the fault of engineers and naval architects

that the public does not now enjoy the ad-

vantage of a railway across the sea. More
than three years ago an association of Eng-
lishmen was formed to carry railway trains

across the sea between Calais and Dover.

Of this association Mr. Fowler was the civil

engineer and I was the naval architect. All

the measures which a private association of

individuals could take for giving to our na-

tion and other nations a civilized commu-
nication were taken. Neither pains nor

time were spared, and large sums of money
were spent in making every preparation for

giving the public this benefit. Unluckily

we had to deal with an apathetic public, and

with railway companies already in posses-

sion of the ground, with rival interests and

disordered finauees. The same bad political

economy which has abandoned the public

works of England to private speculation

rendered it impossible for this work to be

then achieved, except through the co-opera-

tion of railways in a state of war and dilapi-

dation. But the technical work had been

thoroughly done. The harbors on both

sides had been surveyed, and the working

plans completed by Mr. Fowler ; the de-

signs of the ships to carry the railway trains

across the sea had been completed by my-
self, and there, on the table, is the model

on which they were to be built. The Act
of Parliament was applied for, the money
for all the expenses was found, and it was
not the blame of engineer and naval archi-

tect that the thing was not then begun, and
now done ; tbere were no engineering diffi-

culties not then solved.

I am now to have the pleasure of bring-

ing before you, not the proposed plan for

bridging the sea between Calais and Dover,

but a similar undertaking which has been

executed, and which is now in successful

operation across a sea on a smaller scale.

The channel between Dover and Calais is

20 miles, and the sea of Bodan is at most

10 miles to 12 miles broad. There is the

same difficulty of shallow water and narrow

harbor entrance as at Calais, but extreme

low water is rather shallower, and the har-

bor entrance narrower than at Calais. Of
course there is no Atlantic wave, and no

ocean ground swells, and therefore no low,

long swelling has vis, and, consequently,

never in the wors.t storm the great motion

of our seas. But there is, to an even greater

extent than on the Channel, the sharp, short,

breaking wave, which is both more danger-

ous and inconvenient than the long low

swell ; there is the terrific hurricane that

swells down from the Alps, and which is

probably not inferior in strength to a heavy
Atlantic gale, and there are quite as many
days in the year when no steamer can ven-

ture across the sea of Bodan, as when no
steamer can cross the Channel. I think,

therefore, the sea of Bodan is a fair scale on

which to test a plan for conveying trains

across the sea. Take it as half the distance

with waves half the size, wind half the

strength, harbor entrances half the width,

and a steamer half the length, and it will

probably be considered as fair an experi-

ment as can be tried.

The peculiar circumstances of this case

are such as to present many difficulties,

which need not be presented either at Dover
or Calais. At Dover there is plenty of

water ; at Calais there is means of getting

as much water as can be wanted, and an

Emperor who has cut his way through the

Isthmus of Suez can easily dredge a little

sand out of the entrance to Calais ; but on

both sides of the sea of Bodan the water is

shallow, while in the middle it is deeper

than the Channel.

The entrance to the harbors in this lake

is less than 100 ft. of clear width, and one

of them is so narrow inside as to be only

two ships' lengths. The ports, therefore,

present greater difficulties than Dover and

Calais ; but there are no tides ; that is to

say, no daily rise and fall of the water

;

nevertheless there are periods of rise and

fall of 10 ft., or, again, about half the or-

dinary ranges between Calais and Dover.

The Sea of Bodan, or Bo Ian Sea, or Lake
of Constance, is an inland fresh water lake,

60 miles long and 10 to 12 miles wide. It

separates Switzerland from Austria, Bava-

ria, Wurtemberg, and North G-ermany, all

of which have railway communication with

Switzerland, and through Switzerland with

central and southern France, which is cut

off short and stops abruptly on the shores

of this lake, and this natural barrier of the

lake is prolonged right down into Italy by
the impassable Alps. The railway trains

which last year fed France from the corn-

fields of Hungary, carried a continual stream

of grain across Switzerland into France ;

but on the edge of this lake all this traffic

was stopped—all the grain that might have
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passed right through in a wagon, from Pesth

to Lyons, had to be unladen from one set of

wagons at Lindau, in Bavaria, or Friedrick-

shafen, in Wiirtemberg, shipped into steam-

ers or barges, unshipped on the other side,

and reladen into a new set of wagons. The
cost and delay of this system, the accumu-

lation of empty or laden wagons on both

sides, the army of men for moving the sacks

from ship to land, and from land to wagon,

the accumulation of sacks on quays and un-

der sheds, caused a hindrance, an inconve-

nience, and an expense, to avoid which many
preferred to send their wares a long way
round.

The impediment for passengers across the

Bodan Sea was similar to that between Cal-

ais and Dover, although the accommodation

for passengers on both sides presents those

facilities which have only quite recently

been introduced in our harbors, for on both

sides of the lake the Swiss and German
trains convey the passengers alongside the

quay at which the steamers lie, and the pas-

sengers present to the companies this advan-

tage over goods, that they are able to tran-

ship themselves at their own inconvenience

only.

Under these circumstances I was . asked

by M. Boiler, an eminent Swiss engineer,

and M. Schweizer, an able Swiss railway

director, whether I would undertake to de-

sign a communication across the Sea of Bo-
dan by which railway trains and locomotive

engines should pass continually over the sea

without interruption, and without change of

carriage, so that a bale of goods, or a pas-

senger, placed in a carriage in Switzerland,

or in Germany, should pass right through
from Vienna, Munich, Stuttgardt, Dresden,

or Berlin to Zurich, Lucerne, Bale, Geneva,
Lyons, Marseilles, or Paris, or contrarywise

to it. It was also a condition that I should,

if possible, employ no steam engines, ma-
chinery, or power of any kind in the trans-

fer, except the ordinary locomotive engines

employed in dragging the train ; in short, I

was asked to make an international commu-
nication across this sea as continuous and
unbroken as between two stations on land.

This I have now accomplished, and after

frequent preliminary trials it is now doing
its daily work of railway communication.
It takes trains of 14 to 16 laden wagons at

one time. The wagons weigh 70 to 80 tons,

their contents 150 tons ; they make the pass-

age from harbor to harbor in from forty to

fifty-five minutes, the difference being the

index of the severity of the weather. The
cost of the goods per ton per mile, varying

with the quantity on board, is from three

farthings to five farthings, including interest

on capital, depreciations, and repairs. A
locomotive engine on one side places the

tx*ain on board ; a locomotive engine on the

other side takes it out. No peculiarity is

required in the engine nor in the mode of

working it. No peculiarity is required in

the wagons, carriages, their brakes, or their

construction. The embarkation of a com-
plete train occupies five minutes, its debark-

ation five minutes. All the practical diffi-

culties which were anticipated and feared

have disappeared with the actual facts, and
that which was pronounced as so many, new
or impossible enterprises is now acknowl-

edged to be " kinderspile," or child's play.

Indeed, now that it is done, the thing seems
so obvious and simple that on returning

home across the English Channel by the

Straits of Dover, I was totally at a loss to

conceive the reasons which could induce the

intelligent English people and the great

French nation to continue to endure the

evils of this barbarous passage across the

sea, while little Switzerland and little Wiir-

temberg had provided for a less sea a con-

venient and unbroken highway.

I will now shortly describe the means by
which this railway passage over Lake Con-

stance is accomplished. The Swiss railway

which passes from Zurich to Romanshorn,
on the Bodensee, is called the Nord-oest-

bahn. On the opposite side the German
railway terminates in Friedrichshafen, and
is one of the royal Wiirtemberg lines, con-

structed and worked by the State. .
Both

harbors are so shallow that 6 ft. is the max-
imum draught of water given for the ship.

To carry the prescribed load of 14 to 16

carriages, two lines of railway are necessary

on the ship throughout the length of 220 ft.

For this purpose alone 22 ft. of breadth are

necessary, and as engines and boilers have

to be placed on both sides of the railway,

the ship has a breadth of nearly 40 ft. with-

out the paddle-wheels, which being each

some 10 ft. wide, the boat over all has a

width of 60 ft.

The vessel itself, standing in its place in

the harbor, appears to form a railway sta-

tion, the land lines of railway being con-

tinued straight on throughout the length of

the ship. The vessel has two decks, one

below the railway train and the other above

it. The upper deck forms a great part of
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the strength of the ship ; double sides of

iron plate connect the' upper with the lower

deck, and convert the whole body of the

ship into an iron girder 25 ft. deep at the
j

centre, a construction which gives great

'

strength to the body. The upper deck is
,

the working deck of the vessel, from which
j

the captain commands the engines, and
|

where there are also two steering wheels for
j

the pilots. There is a rudder at each end,

so as to save the trouble of turning in the

narrow harbors. Each paddle-wheel can be

worked independently of the other, and

each has two steam engines, so as to work
readily and quickly, the four steam engines

making up 200 horse power to propel a ship

of 1,600 tons. The upper deck does not

extend quite to the ends of the boat, so that

passengers in carriages occupying the ends

are left free to enjoy the Alpine scenery

without leaving their carriages, and those

who prefer a change, find on the elevated

deck a fine weather promenade.

The difficulty of uniting this ship to the

railways on either side, so that the trains

can run on and run off without the aid of

any steam engines or machinery beyond
their own locomotives, is overcome by means
of a bridge in the air, suspended by heavy

weights, capable of adjustment to the rise

and fall of the water ; and there is in the

vessel a further provision to lower or raise

her own extremities through a range of five

or six feet, so as to diminish the inconve-

niences of the varying water level. There

are, moreover, in the ship self-moving cap-

stans, by which the engines can perform any
exceptional manipulation that may be re-

quired either for the railway trains or the

ship itself.

It is by this combination of all these con-

trivances that a navigation, which would
otherwise have been impossible, has been
rendered easy and certain. These rudders

and the two independent pairs of engines

are an invaluable security against accidents,

for one rudder being damaged, or its steer-

ing gear broken, an independent steering

apparatus is ready for immediate use. In

case of accident to either engine, or

either paddle-wheel, the other wheel with
its pair of engines is ready without a mo-
ment's delay to continue the voyage, and
this experience has already been obtained,

and the ship has performed a trip in less

than an hour with one wheel and its engines;

15 deg. of the rudder were found sufficient

to steer a straight course, leaving an avail-

able steerage of 30 deg. each way to direct

the ship, and her captain found no difficulty

in entering the harbor and placing the ship.

There is another result of the arrange-

ment of engines adopted in this case, which
has proved of the highest practical value.

Each wheel has a pair of oscillating engines

similar to those of the Great Eastern. I

designed the paddle-wheel engines of the

Great Eastern so as to be able, like these,

to work each paddle-wheel independently of

the other, and the result has proved, in this

instance, to be of great importance. When
large vessels come iuto shallow water they

are well known to steer wild, and their rud-

ders cease to control their movements ; by
the prompt action of the independent pad-

dle-wheels, which can be made to revolve

either in opposite directions, or in the same
direction, one fast or one slow, or one alto-

gether stopped, there is no evolution per-

formable by a rudder which cannot be
quicker and more handily done by the

wheels alone, and this paddle-wheel steer-

age in shallow water, and in the entrances

of harbors, has this great advantage, that it

can be performed without way on the ship,

or with as little speed as you choose.

For this particular case steerage by wheels

has been found of greater value, and I dwell

on it because there are some difficulties in

the way of its successful execution. The
engines must be contrived, as those of the

Great Eastern were, for prompt reversal ; a

code of signals must be contrived so that at

the same moment the captain can give dif-

ferent or contrary orders to the engineers of

opposite engines ; not only so, but the code

of orders, to be successful, must give more
precise instructions to the engineer than are

commonly given. The contrivance of this

code and its use require superior intelli-

gence in the captain and in the engineers
;

but the result has been found to be well worth
the pains. The captain has a conning plat-

form in the centre of the upper deck, and
thence a speaking tube to each engine-room;

each engine-room has also an index which
shows the engineer of one what the other is

doing. The captain has also two indices on
deck which show him what each engine is

doing, and so the captain and his two engi-

neers are always at one, and thus a mistake

is no sooner made than seen and remedied.

With a proper code of signals and the ar-

rangement I have described, an intelligent

sailor will readily see that he can do every-

thing he wants ; he can reverse the course
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of his ship in four, three, or two minutes,

according as he uses both engines—one

standing, or one reversed. When at rest,

he can revolve on a pivot without moving

;

and when he wishes to run on a circular arc,

he has only to order the right number of

revolutions to be made with the outer wheel,

and a smaller number to be made with the

inner wheel, and the curve is described as

accurately on the water as with a pair of

compasses on a sheet of paper. To steer

straight without a rudder is performed by
each engineer watching the index of revolu-

tions of the other engine, which is close to

the handle governing his own, and with an

occasional hint from the captain. After a

a little experience this becomes quite easy.

As to the manoeuvering of the trains and
placing them on the ship, the arrangements
are so simple that all difficulty has disap-

peared; and whereas it was supposed that

sufficient experience might only be gained

after serious accidents, the experience has

been gained and the daily work proceeds

without accident. No locomotive engine

—

not even an empty wagon—has been sent

into the sea—events confidently expected.

Carriages intended to cross the sea are left

at the siding which leads to the ship. The
locomotive engine which does the work of

the station goes behind this train and pushes

it on to the ship, one half on one side, and
the other half by a second line on to the

other side. The common brakes of the train

and of the engine suffice for all the manipu-
lation of the train, and there are special

means in the ship herself to prevent the

trains at sea from fetching way. In prac-

tice the locomotive engines do not cross with

the trains, for the Germans prefer their en-

gines and the Swiss theirs. Only carriages

and wagons go right through, and instead of

30 tons of locomotive, 10 tons of carriage,

and 20 tons of goods more profitably occupy
its place.

I trust this verbal description, together

with the official plans from which the ship

was built, will give a sufficient idea of the

manner in which the crossing the Straits of

Dover may be safely undertaken and suc-

cessfully executed ; some of the difficulties

are greater, and some are less. There is

deep water at Dover, and Calais can be
easily deepened. The boats must be twice
as long, and can be made twice as fast.

Suspended bridges can easily be thrown
from the land to the ship, as I have done

;

but with the changes necessary to the great-

er and continued variations of the tidal

waters. In these larger and faster ships

there can be room, comfort and ventilation,

and, if built with the proper kind of stabil-

ity, sea-sickness will nearly disappear. The
comfort of taking your bed-carriage in Lon-
don, and not having to leave it till you
awaken in Paris, need not be enforced, and
the economy and expedition which must
arise from sending goods right through to

their destination without change of carriage

or wagon is thoroughly appreciated by all

merchants and shippers. That the trade of

Europe with England would enormously in-

crease who can doubt, and the mails of In-

dia would reach Brindisi or Marseilles in

the same carriages in which they would be
stowed by the post-office officials of St. Mar-
tin's-le-Grand. The question as it stands is,

therefore, whether patient Englishmen will

remain quietly content that the communica-
tions of their railway traffic between Eng-
land and all Europe should continue in their

present condition of barbarism.

In conclusion, I must say that it is not

me the English people have to thank for

having made this experiment for them, to

show them the practical way of continuing

railway traffic over a wide sea on a large scale.

I have already said that the problem was
proposed to me by M. Schweizer and M.
Roller, and not by me to them. The plan

was first practically taken up by the Presi-

dent Escher and the Direction of the Nord-
ostbahn, a railway managed and made by
the Swiss, completed and set to work on less

than its estimated capital, and in conse-

quence of the wisdom, economy and purity

of its management, now paying its share-

holders a steady eight per cent. The pro-

posal on their representation was willingly

accepted by the Government of the small

kingdom of Wiirtemberg, which has confer-

red on its people, by economical state man-
agement, a complete network of railways, at

very small cost. These two bodies under-

took to carry through this improved commu-
nication for their mutual benefit, and its

management and government is now incor-

porated with that of the railways. Having
previously built an iron ship, which has for

twenty years done satisfactory duty on the

same lake, I was asked to prepare the plans

of a ship which should fulfil all the condi-

tions of speed, safety, and manageability,

which the circumstances required, and also

of the works on land necessary to commu-
nicate with the ship. These plans of the
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ship, when prepared, were sent for public

tender to several of the best firms in Eng-
land, Scotland, France, Germany, and Swit-

zerland, and it was intimated to them that

if they chose to send in a design of any ship

better, safer, or more economical, on a plan

of their own, such a plan should have a pre-

ference over my own. The result was the

acceptance of a tender by Messrs. Escher,

Wyss & Co., of Zurich—a firm which, in

the third generation, enjoys a high reputa-

tion for having covered the lakes of Switzer-

land with excellent steamships. They or-

dered the iron for the ship from the Creusot

Ironworks in France, the pumps from Ber-
lin, the capstans, anchors, and cables from
England, and their performance of their

contract has been accepted as satisfactory.

The works on the land at Romanshorn were
executed under the direction of M. Seits,

the resident engineer of the Nordostbahn,
and those at Friedrichshafen under the di-

rection of chief engineers and architects

Brockman, Binden and Grund.

Fig. 4.

The Fish-Joint.—It is generally known
that the original fish-joint, as shown in

figs. 1 and 4, was invented by Mr. W.
Bridges Adams, of London, and patented

by Adams and Richardson. It is not gene-

rally known that this excellent device, as at

present used (figs. 2 and 3), was developed
by Mr. Peter Ashcroft, engineer of the

South -Eastern Railway. Mr. Ashcroft's

claims are thus set forth in a recent letter

of his to Mr. B. Bice Williams, and publish-

ed in " The Engineer ":

South-Eastern Railway. Engineer's >

Office, March 10th, 1869. $

My Dear Sir : In reply to your inquiries respect-

ing the origin of the fish -joint used on railways, I

beg to sajT that Mr. W. B. Adams properly describes

the title of the patent as about the period referred

to, viz., 1849—50. I was then and previously su-

perintendent of the way and works of the then
Eastern Counties Railway. When the fish-plate or

wedges (see tracing) were first brought to my no-
tice, I practically saw that a better form of sus-

pended joint could be made by substituting bolts for

the wedges ; and at that time I had a foreman joiner

of the name of Franklin (who now resides at Bishop
Stortford), to whom I gave instructions to make
templates for cast iron fish-plates. These were put
down on the line between London and Stratford.

They, however, did not answer, inasmuch as, from
the unfitness of cast iron, they broke.

Thej- were, however ordered by the Eastern
Counties, and paid for by that company. Tbe
quantity was very small, that company having, up
to the present time, the privilege of using them
without any royalty whatever.
Immediately afterwards other patterns were made

for joint-plates in wrought iron, and a large quan-
tity were ordered; and, subsequent to my leaving

that company's service, the majority of the com-
pany's lines were laid with them.
The old rails were punched for bolt-holes by a

machine procured from Parr. Curtis & Co., of Man-
chester, which was driven by a small locomotive
engine—the wheels of which were taken off—that

had been used for road-inspecting purposes.

About the time first mentioned the firm of Adams
& Co., of the Bow "Works, got into some little dif-

ficulties ; and as it appeared to me that the fish-

joint patent was likely to become of value, Mr. Jos.

Samuel agreed, and did pay, Mr. W. Bridges

Adams, or his brother, Mr. Charles Adams, the

sum of £2.000 for his entire interest in his patent,

which was paid, and the patent became the joint

property of Mr. Robert Richardson, Mr. Samuel,
and myself, for having had a very considerable

share in perfecting the invention. I applied to the

two gentlemen before mentioned for my due share

in the profits arising, or likely to arise, from the

improved suspended joint; and, as a proof of the

reasonableness of my claim, I may mention that

Messrs. Richardson and Samuel assigned over to me
one-sixth share in the patent relating thereto, which
I herewith submit to you for inspection.

You have my full permission to make whatever
use you please of this communication.

I forward you tracings of Adams' and Richard-
son's patent wedge-joint, and the after improvement
carried out by myself.

I am, dear Sir, truly yours,

(Signed) PETER ASHCROFT.
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HISTORY OF DECARBUR1ZING IRON.

No. IV.

FURNACE FOR REFINING IRON.

John C. McManaway, Scioto, 0.

—

1842. June 22. (U. S.)

Note.—No specification published.

FURNACE FOR PUDDLING AND REFINING
IRON.

Peter Cooper, assignee of John S.

Gustin, New York.—1842. August 22.

(U. S.)

Note.—No specification published.

PUDDLING FURNACE WITH HEATING
CHAMBER.

Bodmer, John George.—1843. Oct.

5. No. 9,899.

This patent is for to nine distinct inven-

tions; that referring to the subject under
consideration is as follows

:

7th. A double furnace is constructed, having one
fire-place in front, while the back part is divided by
a horizontal division or shelf into two compartments,
an upper and a lower one, each having its own
bridge, and each connected with a separate chim-
ney. The lower compartment serves as for the

puddling process, and when that is completed its

chimney is closed with a dampei, and while the
balls are being made and removed, all the blast

flames and heat pass into the upper compartment,
where the iron undergoes " a kind of refining pro-

cess," and is afterwards dropped down into the

puddling compartment, through a slot in the upper
bridge. The improved movable grate (described in

the 4th section of the patent), may be applied to

puddling furnaces.

[Printed, Is. 9d. See "Mechanics' Magazine," vol. 40, p.

271; and "Engineers' and Architects' Journal," vol. 7,

p 153.]

Note.— Thefunction of the upper chamber can be

hardly anything but heating, or perhaps partially

melting, the iron preparatory to puddling. See

Gardiner's patent of4788. (Van Nostrand's Mag-
azine, No. 4, page 358.)

FURNACE WITH A LOW GRATE, THE BLAST
INSTEAD OF DRAFT, AND HOT AIR FORC-
ED IN ABOVE THE FIRE—ALSO REFIN-
ING BY JETS OF HOT AIR.

Detmold, Julius Adolph.—1843. Oct.

18. No. 9,911.

Improvements in "furnaces or fire-places," &c.
The invention is intended to obviate the disadvan-
tages arising •' from the formation of combustible
gases in the furnace, and the passing of undecom-
posed air through the grate," and also from cold air

being " drawn into the furnace through the door
when open, and through every opening or crevice "

in the furnace.

These objects are to be effected, 1st, by making

Vol. I—No. 6.-37.

the grate much deeper than ordinary, from three to

five feet, according as the coal is caking and bitu-

minous, or light in quality.

2d. Instead of relying on the draft of a chimney
a blast is forced into the ash-pit below the grate

(the ash-pit having an air-tight door), and up
through the grate. The body of fuel, except the
stratum immediately above the bars, will not be
maintained at a high heat, and all that is combusti-
ble in the fuel is converted into combustible gases.

3d. The " combustion of these gases" is effected
" by forcing amidst them, in their passage over the
fire bridge, heated and compressed atmospheric air "

supplied from pipes heated in the chimney, and
regulated by valves, and introduced through a row
of tweers placed in front of the bridge. The pres-

sure of the air within the furnace must always ex-
ceed that of the atmosphere. Any kind of coal

may be used, and anthracite is particularly benefi-

cial. These closed furnaces are specially adapted
for the manufacture of iron; and the specification

and drawings describe how they are to be worked.
In refining iron, a blast of hot air is directed on the

iron through tuyeres converging towards the center

of the hearth, and having a pitch of twenty-five or

thirty degrees. Iron may be advantageously refined

and puddled in the same furnace.

[Printed, lid. See "London Journal" (Newton's), vol.25
(conjoined series), p. 73 ; and "Mechanics' Magazine,"
vol. 40, p. 379.]

Note.—Mr. C. E. Detmold patented an improved
furnace in the United States. April 1Q, 1842, but no
specification is accessible.

The merits of hot-air jets, properly applied,
above the fire, are hardly appreciated yet. In some

of ourforges they are used with success for heating,

and save much fuel, for instance, at the West Point
Foundry. Theyform a leadingfeature in the fur-
nace usedfor the Pomeroy process.

This is the first mention of the use of blast, in-

stead of the natural draft, in the patent records—
now a distinguishing feature of the American, as

compared with the English practice-

PURIFYING LIQUID IRON BY SCRAP IRON,

BITUMINOUS SUBSTANCES, NITRE AND
OTHER FLUXES, AND BY CURRENTS OF
ELECTRICITY.

Wall, Arthur.—1843. November 18.

No. 9,946.

"Improvements in the manufacture of iron."

The operations are divided into two classes.

1st. While the iron is in a state of fusion, two
compounds (A and B) are added to it. A consists

of a mixture of steel or iron filings or cuttings and
rosin, two pounds of cuttings to five pounds of rosin.

These are made into balls of five pounds weight

each, and are thrown on the iron when in a state of

fusion in the smelting or other furnace, in the pro-

portion of one ball to five hundredweight of iron.

Instead of rosin, analogous substances, pitch, tar,

&c, may be used; a few pounds of charcoal may
also be added to the ball. B consists of a mixture

of salt, rosin and charcoal (of which the proportions

are not given) , and is to be added after A has been
applied, in the proportion of one pound of mixture
to one hundredweight of iron. Instead of salt, other

fluxes, nitre or fixed alkalies may be used.

2d. When the metal is " congealing " or solidify-
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ing, electric currents are to bo passed through it in

every possible direction.

[Printed, 3d. See "London Journal" (Newton's), vol. 21

(conjoined series), p. 420; nnd '"Engineers' and Archi-
tects' Journal," vol. 7, p. 197.]

Note.— This is the first mention of nitre, now
used in the Heaton process.

BLOOMERY.
Simeon Guilford, Lebanon, Pa.—1843.

December 27. (U. S.)

Forge, bloomery, for making wrought iron.

Note.—No specification published.

PURIFICATION IN PUDDLING, BY SUL-

PHUR(!), NITRE, BORAX, ALUM, SODA
AND POTASH, IN DEFINITE PROPOR-
TIONS.

Southall, Thomas, and Crudging-
ton, Charles.—1844. February 8. No.

10,038.

"Improvements in the manufacture of iron."

These consist in treating iron when in a melted
state, while being manufactured into malleable iron,

with a mixture consisting of equal parts by weight

of sulphur, nitre, borax and alum, with half a part

hy weight of soda or potash, or one and one-half

pounds of the mixture must be mixed with about
four hundredweight of iron, in the puddling furnace,

if the iron be intended to be converted into malle-

able iron. If the iron be intended to be converted
into steel, it is said that four pounds of the mixture
will be required for four hundredweight of iron.

[Printed, 3d. See " Repertory of Arts," vol. 6 (enlarged
series), p. 244; and ''Engineers' and Architects' Jour-
nal," vol. 7, p. 321.]

PURIFICATION IN PUDDLING, BY DEFINITE
PROPORTIONS OF OXIDE OF MANGANESE,
PLUMBAGO, CHARCOAL AND SALTPETRE.

Low, Charles.—1844. May 25. JS
T
o.

10,204.

Improvements in making iron and steel. The
patentee makes a mixture consisting of about 42 lb.

of black oxide of manganese, of plumbago 8 lb.,

wood charcoal 14 lb., saltpetre 2 lb. These mate-
rials should be ground fine and well mixed. The
mixture is introduced into the furnace in propor-
tions of about 66 lb. of mixture to every charge
calculated to produce 480 lb. of metal. The mix-
ture is to thrown on the iron in the puddling fur-

nace two or three pounds weight at a time, and
stirred up with the metal until 66 lb. are used, or

until the iron is brought to nature. The mixture
may be advantageously used in the above propor-
tions, or nearly, in any of the processes of making
iron*

In manufacturing cast steel from malleable iron,

two or three pounds of the mixture are to be put in

the melting pot "to every 30 lb. of cast steel;" or

the ingredients may be added in the same relative

proportions to the malleable iron while it is being
made. " Then the application of a moderate heat
will fuse the iron in contact with the mixture, and
convert it into cast steel."

[Printed, 3d. See "London Journal" (Newton's), vol. 26"

(conjoined series), p. 17; "Mechanics' Magazine," vol.

42, p. 109; and "Engineers' and Architects' Journal,"
vol. 8, p. 90.]

ORE AND SCALE MIXED WITH CARBONA-
CEOUS MATTER AND USED IN THE PUD-
DLING FURNACE— SUBSTANCES CON-
TAINING ALUMINA USED TO CURE RED-
SHORTNESS.

Rushton, Thomas Lever.—1844. June
21. No. 10,233.

" Improvements in the manufacture of iron."
The "hammer slack, rolled scale, red ore, calcined
ore and other oxides'- usually mixed with iron in

the puddling furnace, are mixed with pulverized
carbonaceous matter in the proportion of " 17 up
to (but not including) 28 per cent of carbonaceous
matter." The proportions of 28 per cent and up-
wards being claimed by William Clay. (See Patent.
—1840. March 31. No. 8,459.) "To 480 lb. of
No. 4 pig iron " the patentee adds " 84 lb. of Lan-
cashire hematite ore pulverized and mixed with 20
lb. of powdered coke." If the proportion of hema-
tite be increased, that of coke must also be increased.

" Clay, argillaceous ironstone or other substances
containing alumina," ground fine, are to be added
to those ores likely to prodnce " red short " iron, to
cure that defect, in proportions of from four to ten
per cent by weight of the ore employed.
A mixture in proportions of about 150 lb. of tap

cinder containing 71 per cent of protoxide of iron to

150 lb. of Lancashire hematite, 50 lb. of ground
Wort-ley fire-clay, 50 lb. of chalk, and 100 lb. of
coke dust, may be advantageously combined and
manufactured, ither with or without pig or refined

iron, in reverberatory furnaces, into malleable iron.

[Printed, 4d. See "Mechanics' Magazine," vol. 42, p. ]22;
" London Journal " (Newton's), vol. 29 (conjoined series),

p. 103; and " Engineers' and Architects' Journal," vol. 8,

p. 54]

Note.— The patent of Mr. Clay's referred to is

for making malleable iron in a reverberatory fur-
nace, from fine ore mixed with 28 per cent and up-
wards of pulverized carbonaceous matter. The
specification, however, says: "Pig or scrap iron, of
a weight equal to that of the ore, may be added with
advantage in the furnace, at the time when the ore

and fuel are well heated."

This patent is interesting now, in view of the ex-

periments making and claims set up, for mixing the

ore with carbonaceous matter in the Ellershausen
process. More carbon than the iron can supply , is

necessary to- reduce the ore, and the refuse of coal

oil refineries is said to be the best carbonaceous ma-
terial.

SPECIFIED PROPORTIONS OF SALT, LIME
AND IRON SCALES USED IN THE PUD-
DLING FURNACE.

Osborne, John James.—1845. Jan.

16. No. 10,470.

" Improvements in the manufacture of iron and
steel, and in furnaces to be employed in such and
similar manufactures."

To improve the quality of the iron, " a mixture
composed of 2 lb of common salt, 2 lb. of fresh

burnt or quick lime in powder, and 15 lb. of iron

scabs " or hammer slag is introduced into the pud-
dling furnace in small quantities at a time, and
melted up with the charge of about 3 or 4 hundred-

weight of pig iron. The iron is then puddled and
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made into bar iron. "For making shear steel," to

a charge of 5 hundredweight of pig iron, 20 lb. of

hammer slag are added while the iron is liquid, and,

subsequently, a mixture of " 2 lb. of common salt,

2 lb. of quick lime in powder, and 2 lb. of pearlash,

or 4 lb. of the common carbonate of soda " (the

former is preferred) should be added in small quan-
tities. A violent effervescence ensues, and the mass,

when worked, is made in the ordinary way into

shear steel. "When cast steel is required, the mass
is similarly treated with the mixture, but not pud-
dled or balled; or a blast furnace may be employed.
The charge is run out in a plate of about 1\ in.

thickness. It is cooled with water, the slag is re-

moved, and then the mass is broken up and melted
in crucibles. " 28 lb. of the plate, with U lb. of

green bottle glass, 8 oz. of pearlash or 16 of carbon-

ate of soda " and " 8 oz. of black oxide of manga-
nese," will produce excellent cast steel.

The improved steel furnace is then described.

[Printed, t>d. See ''London Journal" (Newton's), vol. 27
(enlarged series), p. 94 ; and " Engineers' and Architects'

Journal," vol. S, p. 331.]

DECARBURIZING MELTED PIG IRON BY
MEANS OP MALLEABLE IRON SCRAP.

Heath,
August 4.

JOSIAH
No. 10,7!

Marshall. — 1845.

" Improvements in the manufacture of cast steel."

The invention is described as an improvement on

that of Mr. Heath, patented April, 1839. (See

Van Nostrand's Magazine, No 5, page 459.) The
decarburation of pig iron may be better effected in

an apparatus distinct from that in which it is melt-

ed. The pig iron is melted in a cupola or other

furnace, and run from it at the highest possible de-

gree of temperature, into a refinery or other recep-

tacle capable of resisting very great heat. The re-

ceptacle is to be maintained at a high temperature

by means "of currents of ignited carbonic oxide gas"

and of heated atmospheric air, or by oxyhydrogen or

oxygen gas, or other suitable means. " In order to

decarburate the fluid iron in the receptacle " to the

proper degree, the necessary quantity of malleable

iron must be mixed with it "more or less," as the

steel is to be "softer or harder. If cast steel of

medium hardness be required " equal proportions of

pig and malleable iron answer best ; but these vary

according to the quality of the iron; gray iron re-

quires more malleable iron than white

.

To form a judgment, small samples should be

taken out, and when cold tested by fracture. The
malleable iron may be mixed in the form of scraps,

or by preference in a granular form, produced by
reducing a pure oxide of iron to very small frag-

ments, and submitting them to the process of ce-

mentation, mixed with just that proportion of car-

bonaceous matter which is sufficient to combine
with its oxygen at a red heat in a close vessel ; the

malleable iron at a white heat is then mixed with
the fluid pig iron, and the whole is stirred and kept
in a state of fusion. A vitreous flux should be used
to defend the surface from the atmospheric air. The
assays taken from the fluid mass will show when the

steel is of the required quality, and it is then run
into molds.

[Printed, 7d. See "London Journal" (Newton's) vol. 29
(conjoined series), p. 230; and "Patent Journal," vol. 1,

p. 3S6.]

Note.—Heath mentions introducing currents of
healed air into a finery or receptacle in which the

use offuel is not specified. Here are some of the

elements of the Bessemer process, but there is no
further intimation of blowing the air through or

ixto the molten iron, than that a finery is employed.
Partial decarburization in a finery, by air blasts,

was very old hi 1845. The fact that Heath specifies

such extraordinary and costly means of keeping his

decarburizing vessel hot, indicates that he did not
know that simple streams of air blowing through the

iron would accomplish both the heating and the de-

carburization of the iron-

Melting down or keeping in a state of fusion, in

a highly heated vessel or furnace, cast iron and
wrought iron scrap, to produce cast steel, appears
to be similar to the Martin process, of which the

particulars are given in another column-
The use of malleable scrap in decarburizing crude

iron, was first specified by John Wood, in 1761.

(Van Nosirand's Magazine, No. 3, p. 194.)

PUDDLING BY AID OF AIR OVER THE
FIRE ; ALSO BY THE AID OF ORE,
SCALE AND SLACK COAL.

BOVILL, GrEORGE HlNTON.—1846. Jan.

31. No. 11,065.

Improvements in the manufacture of iron. The
invention relates to various matters, among others :

5th. To a method of puddling iron " by the appli-

cation of the water furnace, commonly known as

Kymer and Lighton's furnace, the same being
worked by air blown into a closed ash-pit, and the

introduction of air over the fire to consume the

gases generated."
6th. To a preparation of cinder foom Cumberland

ore or hammer scale, and, the slack of anthracite

coal or other suitable fuel, "to assist the working
of iron in the puddling furnace," and also to facili-

tate the combination of steel with iron.

[Primed, 3d. See "Patent Journal," vol. 1, p. 179.]

FURNACE FOR AND PROCESS IN MAKING
MALLEABLE IRON.

Winslow, John F., Troy, N. Y.—1846.
March 16. (U. S.)

Note.—No specification published.

THE USE OF ANTHRACITE COAL IN THE
REFINERY FURNACE.

Crane, Patrick Moire.—1847. April

8. No. 11,653.

"Improvements in the manufacture of iron."

These relate to the use of anthracite coal in the re-

finery furnace. The anthracite is to be previously

heated in kilns or in any convenient manner, or used
in a state of ignition. It may be used alone, or

mixed with other fuel, and effects saving, and is

said to improve the quality of the refined iron.

[Printed, 3d. See "Repertory of Arts," vol. 10 (enlarged
series), p 306; " London Journal" (Newton's), vol. 31
(conjoined series), p. 277; und "Patent Journal," vol. 3,

p. 529.]
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charcoal mixed with iron in pud-
dling, and casting into pigs from
an air furnace, instead op using
the pinery.

Blewitt, Reginald James. — 1847.

May 27. No. 11,723.

"Improvements in the manufacture of malleable

iron." The iron, instead of being refined in a re-

finery furnace, is to be produced from the air fur-

nace commonly used for casting or founding pur-

poses. It is to be melted in the air furnace, and
then run out into sand or iron molds, and then sub-

jected to the puddling process. The fuel used by
the patentee " is a white-ash semi-bituminous coal

of excellent quality." He uses one or tAvo hun-
dredweight of charcoal with each charge of iron of

about four tons.

[Printed, 3d. See "Repertory of Arts," vol. 10 (enlarged
series), p. 354 ;

" Mechanics' Mag-azine," vol. 47, p. 552 ;

"Patent Journal," vol 4. p. 30; and "Engineers' and
Architects' Journal, " vol. 11, p. 46.]

PIG IRON MIXED WITH FORTY PER CENT
OF WROUGHT IRON IS MELTED, "SHOT-
TED" IN WATER AND PUDDLED OXIDE
OF MANGANESE INTRODUCED THROUGH
THE FINERY TUYERES.

Vickers, William.—1847. June 19.

No. 11,759.

''Improvements in the manufacture o liron."

Pig iron is melted with small quantities of wrought
iron, such as scrap turnings or filings, and the mix-
ture is run in finely divided streams into water.

The proportions vary; for making good ordinary
wrought iron, 30 parts of wrought iron turnings,

with 70 parts by weight of iron, are found benefi-

cial. If the iron be intended for making steel, the

proportion of wrought iron may be increased, and
40 per cent of wrought iron employed. The melted
iron is run into a cast iron tray, perforated with
half-inch holes, and lined with clay about •§ inch
thick, punctured " with holes about $ of an inch

thick at those places where there are holes in the
tray." The iron is dropped in a divided state into

a cistern of water about 15 feet below it, and is

afterwards worked up into wrought iron in the ordin-

ary way. From three to five per cent of black oxide
of manganese may be used advantageously with the
melted pig and wrought iron, and may be introduced
by placing small quantities in the tuyere holes.

[Printed, 3d. See "Repertory of Arts," vol. 13 (enlarged
series), p. 243; "London Journal" (Newton's), vol 31
(conjoined series), p 427 ;

" Mechanics' Magazine," vol.

47, p. 631; and "Patent Journal," vol 4, p. 127.]

The New Bridge over the Schuyl-
kill.—The first premium for designs

for a bridge at the site of the present sus-

pension bridge over the Schuylkill, has been
awarded to Mr. J. H. Linville. The clear

span is 340 ft., width 50 ft., including two
sidewalks of 8 ft. each. There are two
roadways, the upper one being reached by
approaches on iron columns, to avoid grade
crossing, over the Pennsylvania Railway at

West Philadelphia.

THE PROGRESS OF LIQUID FUEL
From a paper read before the Institute of Naval

Architects, by Captain Selwyn, R. N.

No one here will probably be prepared to

deny that economy is the order of the day,

and I am here to-night to continue from last

year, before the Naval Architects' Institute,

the history of liquid fuel, and to insist again

on the important economy to be derived from
its employment in steam ships especially.

The experiments on which I was last year

at this time engaged, and to which I then

referred as taking place in a small steam
launch, terminated in ample proof being

given that they had not been unwisely un-

dertaken by the Admiralty at the request of

Mr. Heed. During a trial of 7 hours 40
minutes with coal, a small boiler fitted to

the launch in question evaporated 5,418 lb.

of water at the rate of 8.5 lb. of water

(from 212°) per pound of fuel, while with

oil the evaporation in the same boiler was
12.3 lb. of water per pound of fuel, and the

quantity 3370 lb. in 3 hours 45 minutes.*

It is to be remarked that the coal was the

best navigation steam coal, and the fire was
forced as much as the stoker could do it, but

this was not done with the oil, because, the

boiler being short, too much heat was already

lost up the funnel, no more coal could have

been burnt, nor could the quantity then

burnt have been continued without frequent

cleaning of the fires. The oil, on the con-

trary, was burning as well at last as at start-

ing, and there was no deposit in the furnace

or boiler flue. The fire was lighted with

wood, or wood and coal, and oil was turned

on as soon as 10 lb. of steam were obtained.

The steam was generally raised to 90 lb.

pressure in about one hour from lighting the

fire. There was no smoke, and a white

handkerchiefcould scarcely have been dirtied

in the furnace after the oil fire was put out.

The results were so far satisfactory that

the Admiralty gave a larger boiler, which had
formerly belonged to the Oberon, and sanc-

tioned further experiments. These are still

proceeding, though intermitted for a time

from causes over which I have no control.

I trust they will shortly be resumed. The
boiler in question is nominally of 130 horse

power, and with coal has evaporated on trial

in July 206 cubic feet of water per hour,

making her equal on the allowance used at

* Mean per hour :

Coal, 100 1b 706 lb. water.

Oil, 100 lb 1032 1b. water.
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Woolwich of half a cubic foot per horse-

power to a real power of 412. On that trial

she burnt in three fires 13| cwt. of coal per

hour, and evaporated at the rate of 8.2 lb.

of water per lb. of fuel burnt. Now, it

may here be observed that it is extremely
doubtful if this rate of evaporation could

be maintained for any very long time

in practice with coal in this boiler. There
is, on the other hand, no doubt what-

ever on my mind, or, I think, in that

of any one who has seen the liquid fuel

in operation, that whatever it does once it

will continue to do for any number of hours

or days, if the same quality of oil be used,

and the furnace be not altered purposely,

because there is no stoking needed, and no
deposit, of any kind to require removal. The
boiler was prepared to burn the oil in the

following manner : having been already

placed on the wharf of the steam basin for

a previous experiment not connected with

these, it was only necessary to fill the tanks

which were on the top of the boiler with oil,

to have them correctly gauged, and to fit a

pipe to convey the oil from the tank to the

fire-doors, where it entered the injector.

Steam was taken from a small boiler placed

near the large one, and fired with coal, and
by another pipe this was brought to the fire-

doors, thence through a superheating coil in

each furnace, and, lastly, into the injector,

where it met the oil. The boiler was a tubular

one, with twelve rows of tubes. These were
divided by diaphragms in the combustion

chamber and smokebox into three runs as

follows : a diaphragm of \ in. iron plate was
pierced full of holes, and then lodged in the

combustion chamber, over the fourth row of

tubes, thus forcing the products of combus-
tion to return through the four lower rows
of tubes alone. Arrived in the smokebox,
the heated air met another diaphragm exactly

similar to the first over the eighth row of

tubes, which forced it to return again to the

combustion chamber through the tubes left

open to it. From thence it again pressed

back to the uptake through the upper four

rows of tubes. The object of the holes in

the iron diaphragms above spoken of was
that fireclay might be plastered on the plates

above and below, and be jointed through as

it was thought the heat would otherwise soon

cause the plates to lose their shape and
bend down. It is clear that had they been
designed for anything more than an experi-

ment, there should have been water spaces.

But as far as the oil burning was carried,

the heat seemed to be suificiently kept down
in these plates by contact with the water

spaces of the boiler. No attempt has yet

been made to ascertain what quantity of

water can be evaporated by this boiler with

oil, since it was soon discovered that the

small boiler could not, evaporating from 3

to 4 cubic feet only of water, supply steam
enough to burn the full quantity of oil. It

was first necessary to find out the best

arrangement of furnace, and this could be

done while burning only a small quantity of

oil per hour. As the size of injector, its

best arrangement, and the quantity of steam
required per pound of oil to produce the

best effect, were also matters for preliminary

experiment, these were the first points to

which attention was given. It was found
that the oil could be perfectly burnt, as you
will see by the tabulated result, without re-

moving the firebars, or in any way altering

the furnace so as to prevent coal being burnt
the next hour if desirable. That the form
of injector giving the best effects was that

where the oil was in the internal injector

with the steam issuing from an annular

aperture round it. That the quantity of

steam required for jets would be about 1 lb.

per pound of oil burnt. That rough broken

firebrick, or whole firebricks, loosely built

up on the firebars, were perfectly efficient as

governors and distributors of the intense

heat generated by the combustion of the

oil. These speedily got nearly white hot,

and remained so. That the superheaters

should be placed in the smokebox preferably

to the top of the furnace, where they had
been fixed, as giving rise to the least altera-

tion of the ordinary state of the boiler for

coal. That the firedoors ought to be made
in a different form, i. e., box doors opening

with a regulator, and hung from above in-

stead of at the side, and that some other

slight modifications would be desirable,

though not necessary.

The whole arrangement was then altered

in order to establish whether by lining the

furnaces with firebrick after taking out the

firebars, building up bridges, etc., any better

result could be obtained without any dia-

phragms, which were also taken out.

This part of the experiment has not yet

been finished, and I am not, therefore, pre-

pared to give any further information about

it now ; but I hope to try it thoroughly,

since it was under a modification of this

arrangement that the extraordinary results

I narrated last year seem to have been ob-
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tained. The oil supplied during these pre-

liminary trials has been analysed by Professor

Church, of Cirencester College, with the

following results. It is composed of

Carbon...; 86.48

Hydrogen 7.06

Oxygen, or refuse 6.46

100.00

Now, referring to Professor Macquorn
Rankine's admirable paper, we find that, in

order to arrive at the calorific effect in

British units of heat to be expected from
this oil, we have to make the following simple

calculation :

Per cent.

Carbon 86.48 X 15 = 13.02

Hydrogen. .. 7.06 X 64 = 4.5

Total 17.52

if refuse be not oxygen ; or,

Carbon. . . . 86.48 X 15 = 13.02

Hydrogen.. 6.26x64=- 4.00

Total 17.02

if refuse were oxyen, deducting ^ its weight
of the hydrogen. Thus, in either case we
may say that the total theoretical evapora-
tive duty or calorific effect in pounds of

water evaporated from 212° Fahr, is 17 or

17.55 respectively. Now the next calcula-

tion, taking the figures from the tabulated

result at Woolwich, is to be performed thus :

Temp, of feed, 50° Fahr. ; temp, of actual

boiling point due to 26 lb. pressure, 269°

T b ; const., 212°; boiling-point, T 1

. Now
the formula is thus :

Evaporation reduced or corrected =
evaporation observedX

1 -f- T
1—T/+ 0.3 of T b —

T

1

Then

T 1 212°
—Tf 50

966° Fahr.

T6 269°

—

T

1 212

162 57-^-0.3 = 17.1

-f 17.1-^ of T b—T 1

179.1-^966° = .18.

Then unity -|- .18 = 1.18 X evaporation ob-

served at feed temperature 14.22 = 16.77 lb.

of water evaporation from constant of 212°

Fahr. by 1 lb. of oil against 17.52 total duty
to be expected from this particular sample of

oil, If other oils capable of giving up to

22 lb. or 24 lb. of calorific effect be operat-

ed on, we may expect an equally satisfactory

approach to their theoretic value.

It is to be observed that the sample taken

for analysis was from the last of the oil, and
as we may expect that the whole quantity

would be arranged according to specific

gravity, perhaps this, which was one of the

first trials, got a little advantage in that

way, but there could not have been more
difference than 1 lb. of calorific power either

way.

I would draw particular attention to the

fact that during this trial the temperature

of the bottom of the funnel was so low as

120° Fahr. I must now point out that the

rule adopted throughout the Government
trials of calculating the evaporative effect

from a constant of 100° Fahr,, though fair

enough for comparison at ordinary tempera-

tures and pressures, does not take into ac-

count the latent heat due to high pressure in

the boiler, neither does it give in any way
the actual calorific effect of the fuel in

British units of heat, which Professor Mac-
quorn Rankine's formula does.

I -have also to observe that in buying oil

for heating purposes, as much attention

ought to be paid to the chemical analysis

showing the proportions of carbon, hydrogen,

refuse or oxygen (if any,) as would be done
with coal to ascertain from which mine or

stratum it was obtained, and consequently

what effect it might be expected to produce.

There will also be a necessity for a specific

gravity and fire test, as adverted to in my
former paper.

I will now briefly advert to some other

independent proofs of the calorific effect of

these oils, as compared with coal.

A boiler plate furnace at Woolwich has

been fitted to burn oil after the process

patented by Messrs. Dorsett and Blyth,

which first converts the oil into gas in a

species of retort, or still resembling an

ordinary vertical boiler of small size, and
then burns it as gas issuing from small aper-

tures in a coal of iron pipe. Here no steam

is required ; but I have seen reason to think

that in a ship the other apparatus will be

preferable, as I do not think there is much,
if any, difference in the calorific results, and
in the plan I now, use only the oil and steam

pipes with the injector are necessary.

However this may be, the results obtained

in this furnace, which now burns oil instead

of coal, are briefly these :

Seventy-five gallons of oil are used per
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day, instead of 1 ton of coal, or the sp. gr.

of the oil being 1,050 about 780 lb. of oil

heat the furnace, which had required 2,240

lb. of coal. This gives us a proportion of

1 to 2.7, But this is not all. The -^ in.

iron plate which took formerly 15 minutes

to heat now takes 6 ; thus effecting a saving

in time, which those who have seen men
waiting round a furnace for the heat to be

got on, will do well to appreciate ; the pro-

portion here is 1 to 2.5. Now, 780 to 2,240

is 2.7 times the duty of coal, or equal, if we
take coal at 7 lb. of water evaporative power

to 18.9 lb. of water evaporated by 1 lb. of

oil. I am informed that a still more remarka-

ble difference was observed in the time taken

to heat armor plate when a small piece of it

was tried. The heat is remarkably even and

free from scale, and no difference has been

observed in trials made as to the usual tests

for strength after heating. Since last writ-

ing on the subject, several other boilers

and retorts have been fitted to burn oil, and

are giving satisfaction ; but where the pro-

per flame has not been obtained, i. e., the

blue glow due to burning carbonic oxide, the

results always fall short of the true value of

the oil, though still showing a considerable

superiority to coal. As regards danger, I

will repeat the experiment made here last

year with a burning fuse.

But the best answer is to be given by
those who have had it in practical operation

during the past eighteen months without any
accident. It is perfectly true that a gas

explosion, though not a very dangerous one,

resulting in the singeing or burning the faces

of those who do it can be produced, if while

there is no flame in the furnace, the -oil be

allowed to drop on the hot bricks till gas is

made sufficient to mix explosively in the fur-

nace with air ; and I know one gentleman
who has recently insisted on trying this' for

himself, against his engineer's advice, and
who got conclusive evidence of the fact in

singed whiskers and a slightly scorched face.

One such explosion also took place at Wool-
wich at the close of a successful day's work in

my absence ; but there, also, those who did it

confessed that it was entirely their own fault,

and were not at all afraid of going on after-

wards.

If I were to use any process for making
the oil into gas before using it, I should
prefer, on many accounts, to do this by
means of Perkins's coil of hot-water pipe

(used some years ago in this city for baking
bread), instead ofputting a fire under the still.

IMPURITIES IN IRON.

From a paper "on the Molecular Action of Impuri-
ties in Iron," read before the Philosophical Society

of Glasgow by Thomas Rowan, F. C. S., F. R. S. S.

A., Atlas Works, Glasgow.

The impurities contained in iron and steel,

such as phosphorus, sulphur, &c, which in-

juriously affect the good qualities of these

metals, have of late been the subjects of

much discussion and elaborate investigation.

Without wishing to enter into the discussion

as to the effects produced by certain quantities

of these impurities, I would suggest that

these effects may not be entirely dependent on

the presence of any one element known to

produce them in greater or less degree, but

may be intensified or modified by combinations

of impurities in the same metal. Thus the

alleged absence from the Heaton steel ana-

lysed by Dr. Miller of the cold shortness

which under ordinary circumstances would

be due to the amount of phosphorus which it

contains, may be occasioned by the presence

of the calcium, etc., shown in the analysis.

I conceive these results to be due to mole-

cular change, which is variously produced in

the iron or steel by these various elements,

each element acting in a definite manner on

the molecules of the metal, while in some

instances the action bears a relation to that

produced by some other meterial.

It seems clear that iron and steel are

capable of numerous modifications or changes

of their molecules or particles, by which

different physical properties may be imparted

to the same bar or piece. Some of these

which are produced by mechanical means,

are well known in their general effects. For
instance, if Bessemer steel in its cast state

be struck violent blows with a hammer it

undergoes a disintegration similar to that

which is produced in metal possessing the

quality of " red shortness," while if the

same metal be first hammered gently it will

afterwards withstand successfully more vio-

lent treatment than that sufficient to disin-

tegrate it in its former state. Again, it is

well known that a considerable degree of

hardness is imparted to blister steel by dip-

ping it, when hot, into cold water, the

chemical composition of the bar nevei'theless

remaining entirely unaltered. The converse

result, or the impartation of softness to a

hardened steel bar, can also be obtained by
mechanical means. A somewhat similar in-

stance of the alteration of molecular struc-

ture by mechanical means is to be found in

the familiar operation of "chilling," by
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which certain parts of a casting, which are

exposed to this action, are materially altered

in internal structure, and have in some cases

an extraordinary degree of hardness impart-

ed to them, this quality not being possessed

by the metal in its original state, nor, of

course, by the other parts of the casting not

so treated. In the first of these instances

the molecules or particles of Bessemer steel

seem to have in its cast or crude state such
positions relatively to one another as to cause

them to separate under the influence of heavy
hammering, while under the gentler blows
they rearrange themselves, and are induced
to take up positions conducive to the strength

and toughness ultimately possessed by the

manufactured bar.

Some interesting experiments on the action

of heat in producing a molecular change in

iron wire have been made by Mr. Gr. Gore,

F. R. S., and communicated by him to the

Royal Society.*

Mr. Tresca, in a paper on the " Flow of

Solids," read before the Institution of Me-
.
chanical Engineers in Paris in 1867, thus

speaks :
" The structure of iron, as com-

posed of contiguous filaments appears to

afford an explanation of the causes of the

transformation of fibrous iron into crystalline

iron after long use ; filaments of different

natures may also differ in hardness, and the

facets seen in the fracture of crystalline iron

are nothing but surfaces caused by friction

between the particles, arising in the mole-
cular vibrations and consequent elastic

changes of form to which iron may be sub-

jected, according to the use it is put to.

These facets should never be mistaken for the

grain in the iron, which is originally non-
fibrous ; and an examination with a magnify-
ing glass shows that there is in fact no
similarity between the two states." This
author also states that he has produced
numerous facets by twisting and untwisting
the same specimens of granular iron a num-
ber of times.

It is to similar molecular action, resulting,

however, in these instances from chemical

force, that I would refer the effects produced
on iron and steel by the presence of the

various elements denominated "impurities."
Thus phosphorus would, on this supposition,

be found to act on the molecules of pure iron

by inducing a permanent formation or rela-

tive grouping of them, which in result

* (See Proceedings of the Royal Society, No. 108,
January, 1869.)

corresponds to the quality of "cold short-

ness " in the metal. Sulphur, while similar-

ly acting on the molecules, would induce a
different arrangement of them, and conse-

quently different results would accrue to the

metal.

We could understand that in these two
instances, the results being nearly opposite,

the relative formations would be found to

have nearly opposite characters also. It

might on this theory be possible, were the

effects observed which are produced by
various elements, to modify or intensify at

will any particular class of characteristics in

any given substance ; although it is very
improbable that any one class of effects

could be counteracted by the production in

the same metal of those of an opposite class.

In case of such combinations a new condition

would in all probability result from the

complex character of the internal action.

Some careful examinations of the structure

of different classes of iron, which are very

valuable in their results, and calculated to

throw some light on this subject, have been
made by M. Schott, of Ilsenburg, and are

published in a work on "Iron and Steel

Manufacture," by F. Kohn.
M. Schott made microscopical examina-

tions of the fractures of various qualities of

cast iron, and also minutely examined the

appearance afforded by those irons when
passing from the liquid to the solid state.

He has also made numerous examinations of

the structure of steel, and, as the result of

all his researches, maintains that "all cry-

stals of iron are of the form of a double

pyramid, the axis of which is variable, as

compared with the size of the base. The
crystals of the coarser kinds, as compared
with those of the finest qualities of crystal-

line iron, are of about twice the height.

The more uniform the grain, the smaller the

crystals, and the flatter the pyramids, which
form each single element, the better is the

quality, the greater is the cohesive force,

and the finer the surface of the iron. These
pyramids become flatter as the proportion of

carbon contained in the steel decreases.

Consequently, in cast iron and in the crudest

kinds of hard steel the crystals approach

more the cubical form, from which the

octahedron proper is derived, and the op-

posite extreme or wrought iron has its

pyramids flattened down to parallel surfaces

or leaves, which in their arrangement produce

what is called the fibre of the iron. The
highest quality of steel has all its crystals
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in parallel positions, each crystal filling the

interstices formed by the angular sides of

its neighbours. The crystals stand with

their axes in the direction of the pressure or

percussive force exerted upon them in woivk-

ing, and consequently the fracture shows the

sides or sharp corners of all the parallel

crystals. In reality, good steel shows, when
examined under the microscope, large groups

of fine crystals like the points of needles

—

all arranged in the same direction and

parallel."

It is thus evident that the presence of

other elements or impurities affects, in greater

or less degree, the regularity of the structure

of iron ; and I have little doubt that

research, by determining the method of their

action upon the molecules of the metal will

place its qualities more under control.

THE DARIEN CANAL
The following abstract of the report of

Messrs. McDougal and Sweet, the engineers

who surveyed the route of the " San Bias

Ship Canal" in 1863, is compiled from a

resume of the report, as prepared for the
" Syracuse Daily Courier " by Mr. Charles

A. Sweet, one of the engineers above men-
tioned. The complete and accurate statis-

tics here presented will be found especially

interesting at the present time

:

Public attention has long been directed

to projects of a grand intBr-oceanic ship

canal, to connect the two oceans at or near

the Isthmus of Panama or I>arien, and to

decrease the distance now necessarily tra-

versed and diminish the time now consumed
in going from the ports of either ocean to

the other. To that end grants have, at dif-

ferent times, been made by Central Ameri-
can States, or treaties negotiated with them.

Surveys of different routes have been com-
pleted, and yet no progress has yet been
made towards actual construction beyond
the survey and estimates of cost.

The recent negotiation of a treaty be-

tween this government and the United
States of Columbia, securing and regulating

the right to construct a canal across the

Isthmus, has now revived the long dormant
interest in this project.

The Shortest B,oute—This is the

"San Bias" route, about thirty miles long,

its cost to be about sixty-five millions of

dollars. The surveys were made in 1863
in behalf of Mr. Frederick M. Kelly and
others of New York city, under the direc-

tion of A. McDougall, Esq., of Massachu-
setts, now deceased, as Chief Engineer, and
Charles A. Sweet, now of Syracuse, N. Y.,

as principal Assistant. The report of the

Surveyors was made to Mr. Kelly in 1864.

General Features.—The whole exact

length of this canal, according to the survey
above referred to, is but 30.03 miles. It

extends from Chepillo Island in Pacific

Harbor, on the Pacific Coast, to the Gulf
of San Bias, on the Atlantic side. The
entire work is divided into four sections.

The first section extends from Chepillo

Island to " Paneas," on the Bayano river.

Besides a dam across the river, a tidal lock

at the Great Bend of the river, and a short

cut across the Bend, the work on this sec-

tion consists chiefly of the removal of sand
bars in the harbor and river. It is 10.101
miles long, and consists chiefly of excava-

tion for the canal and largely of rock exca-

vation. At the southern entrance of the

tunnel through the mountains, the greatest

elevation attained on the first two sections

of the canal is reached, being 150 feet above
the level of the water surface of the canal,

or 175 feet above that of the Pacific. The
entire route, except near the mountains, is

nearly level. The summit of the Cordille-

ras, through which a tunnel is to run, is,

however, 1,500 feet above the level of the

same ocean. The soil is shallow, being

loam or sand, with rock below, and only

from two to five feet deep. The elevation

of the surface of the land above the proposed

surface of the canal is but six feet near its

southern terminus, and but one foot near its

northern. The entire canal is to be fed

from the Pacific ocean, and its water to be

maintained at the level of ordinary high tide

in the Pacific. The tides in the Pacific rise

from 12 65-100, the lowest flood tide, to 22
feet for the highest; and these create the

necessity for a tidal lock of 45^ feet eleva-

tion of wall. The tides on the Atlantic side

are insignificant, rising only from one to one

and a half feet from ebb to flow. The third

section is rock-cutting through the Cordille-

ras, seven miles long ; and the fourth section

consists of excavation for canal, similar to

the work on the second section, terminated

by a lift lock. The whole route is a wilder-

ness, without even a hamlet or village upon
it, although four miles from it there is one

native village of 2,000 inhabitants. The
following is the official estimate of the cost

of the work by sections upon the survey and
plan above referred to

:
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Section No. 1 extends from the island

of Chepillo through Bayano river, to diver-

gence of the canal from it at Paneas,

lQrffiA miles.

The river is three miles wide at mouth
with 30 feet depth of water.

The work on this section consists—first,

of the removal of sand bars in Pacific Har-

bor and Bayano river ; second, a lighthouse

at Chepillo Island ; third, a tidal lock at

Great Bend with walls 45| feet high ; fourth,

a composite dam at Great Bend ; fifth, com-
pletion of the Great Bend cut.

The cost of these several works, includ-

ing draining, chopping, earth and river ex-

cavation, embankment, masonry, labor, ma-
terials, &c, is estimated as follows:

Removal of bars §136,684
Light House 12,000
Tidal Lock 675,844
Composite Dam 174,631
Great Bend Cut 209.835

Total cost section No. 1 $1,208,994

Section No. 2 is a canal from Bayano
river at "Paneas " to the south end of the

tunnel, and is 8-j^6^ miles long.

The levels to the south end of the tunnel

were taken by the late chief engineer, Mr.
McDougall; the other levels on the entire

route by Mr. Sweet, his principal assistant.

The work on this section consists, first, of

construction of canal from its point of di-

vergence from Bayano river, at Paneas to

the south end of the tunnel ; second, of a

new channel for the Mamoni river, which
crosses the route of the proposed canal,

Sy6^^ miles long.

The cost of the first named work of this

section, including bailing, draining,

chopping, excavation, embankment,
puddling, &c, is $13,033,943

The cost of the second is 115.752

Total cost second section $13,149,695

Section No. 3 is a tunnel through the

Cordilleras seven miles long. This work is

exclusively rock excavation. It consists of

a canal of 25 feet depth of water, a perpen-

dicular excavation of 29 feet above the

water surface on either side, whence springs

the arch rising 561 feet above its starting

point on a perpendicular, making 105 feet

from bottom of canal to top of arch. The
total cost of this work, at $2.50 per cubic

yard, is estimated to be $29,316,067.
Section No. 4 extends from the north end

of the tunnel to 25 ft. depth of water in the

Gulf of San Bias, Atlantic side, 3T££ .

The work on this short section consists

—

1st, of construction of canal; 2d, of a lock

with 9 feet fall and walls 381, feet high; 3d,

a lighthouse on San Bias Point. The esti-

mated cost

Of canal is $11,234,318
Of lock No. 2. or lift lock 506.017
Of lighthouse 12,000

Total cost of Section No. 4 $11,752,335

General Summary.—The capacity of

the tunnel portion of the canal has already

been stated. These estimates contemplate,

on either side of the tunnel, the same depth
of water as in the tunnel, but a greater width
of canal. Beyond the tunuel the surface

width of canal is 143 feet, and width at bot-

tom 100 feet. The summary of the total

estimated cost of a canal of the above
dimensions on this route is as follows

:

Section No. 1 $1,208,99-4

Section No. 2 13,149,695
Section No. 3 29.316,067
Section No. 4 11,759,335
Add ten per cent for contingencies and

engineering expenses 5,602,809
Add for medical and military depart-

ments, interest upon capital during
construction and transportation, etc., 32,500,000

Total $93,469,800

A second was made and submitted for a

canal of less width and depth of water. For
this canal, with a width at water surface of

100 feet, and at bottom of 80 feet, and 20
feet depth of water, the estimate cost is

summed up as follows

:

Section No. 1 $1,005,565
Section No. 2 10,506,669
Section No. 3 29,147,067
Section No. 4 8,862,008
Ten per cent for contingencies and en-

gineering expenses 4.952,131

Add for medical and military depart-

ments, interest upon capital during
construction and transportation.... 25,000,000

Total $79,473,440

We may add that in the judgment of the

surviving engineer, Mr. Sweet, 15 per cent

instead of 10 per cent ought in this case to

be added to the estimated cost to cover con-

tingencies and engineering expenses.

Commercial Advantages and Value
op Canal.—With the estimates of cost there

were submitted also certain statistics to show
the great value of this projected canal to

shippers and to the public. According to

one of these statements, the freight paid at

San Francisco, on goods from the Atlantic

in 1853 alone, being only a part of the trade,
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as some freights were paid before shipping,

was 89,911,482.

At least three-quarters of this charge
would be saved, or $7,433,574

;
or the

interest at 6 per cent on a capital of $123,892,900
The foreign trade of San Francisco
would be benefited by one-half the
freight, the amount of which paid at

port in 1853 was $1,840,650. One-
half is equal to the interest at 6 per
cent on 15,338.750

The foreign Pacific trade to the United
States was carried out in 1854 in 961
vessels outward bound and 895 en-
tered home, showing that the trade

is equivalent to more than two-thirds

of thai of California. It would, there-

fore, in passing through the canal,

make a corresponding saving for a
sum equal to 99,450,570

Thus showing that the canal would save

to the United States alone an annual
interest on the sum of $238,682,220

There is also a table showing the number
of vessels visiting the ports of the different

countries of the Pacific beyond Cape Horn,
the tonnage entering those ports, the tonnage
and value of their exports and imports. With-
out embodying details as to the several coun-

tries, we give only totals. The number of

vessels was 3,698.

The tonnage of imports was 1,682,349
That of exports 1,586,349

Total tonnage 3,268,698

The valuation of exports was $49,815,000
That of exports 100,188,000

Total val. of exports and imports, $150,003,000

There was also attached to the report an
interesting table, showing the savings in

distance from New York to ten of the prin-

cipal ports of the Pacific by the route of the

contemplated canal over the two Cape routes,

which we give in full, as follows :
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9,600
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San Francisco.

.

117,700

22,000 117,700

This shows a saving in the several voya-

ges, one to each of the three ports first

named, of 22,600 miles over the Good Hope
route, and a saving in a single voyage to

each of the ports, by way of Cape Horn, of

117,700 miles.

Colonel Totten, in his report of 1866, on
the progress of the Panama railroad, has a

condensed table, in which he states that

after deducting the British trade with Aus-
tralia, the aggregate tonnage which doubled

Cape Horn to and from the Pacific ports was

In tons 2,679,600
There had been an actual increase for

the ten previous years of 115 per cent.

Estimating a like increase since 1855,
we have an increase in addition to the

above for the eight years from 1855 to

1862 inclusive of 2,465,155

Or a total tonnage of 5,144,752

The voyage of a ship of 1,200 tons, off

Sandy Hook, with a complete outfit, via San
Francisco, via Cape Horn, costs $12,000,
including running expenses for 145 days, or

Per day $82 75
In this amount is included the insurance of

13 per cent on value of ship, averaged at

$100,000. In consequence of cheapened
insurance because of an avoidance of the

Cape voyage, the expense per day by the

Isthmus route will be reduced to 64 70

Or a saving per day of $18 05

The total cost of a voyage of 145 days is. . $12,000
Of that of 60 days by canal 3^882

Total saving $8,118

The cost per ton on a vessel of the above
burthen, via Cape Horn, will be $10 00

Cost via Ship Canal 3 23

Saving of cost per ton $6 77

Taking the statistics based on the report

of our foreign commerce of 1853, we had a

total tonnage estimated for 1864 of 5,000,000
tons. The total saving on this amount at

$6.77 per ton is $33,850,000. If the saving

on insurance on cargo as well as vessel be
estimated, the saving to commerce would be

about the same as that shown by Mr. Kelly.

Conclusion.—It is evident, therefore,

from statistics, that with the rapid develop-

ment of the trade to and from our Western
coast, as well as to other ports on the Chi-

nese and Japan seas and the Pacific ocean,

the time has fully arrived for the construc-

tion of this long-mooted Ship Canal through

the Isthmus of Panama ; that its construc-

tion cannot fail to be profitable to them who
construct it, and still more profitable and
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beneficent, directly to the commercial world,

and indirectly to the whole people who pro-

duce the articles of that commerce and to

those who consume them. And, further,

unless this canal be now speedily opened,

the rich trade of the Asiatic coast will soon

be largely concentrated, either by the Suez

canal in European hauds, or diverted to the

cities of the Pacific slope, to the great loss

of our Atlantic coast.

Mr. Sweet, the principal assistant in the

survey, the results of which are here given,

has been long connected with the public

works of New York. He is a man of great

practical experience, skill, and unquestioned

integrity, well and favorably known to the

profession in this State. These pioneer sur-

veys were partly, and the estimates of work
and cost were wholly made by him ; and

since the death of McDougall, the chief en-

gineer, no man could be found better adapted

to conduct and superintend this great work
to an economical and successful termination

than this pioneer in the original survey.

SCREW VS. PADDLE SHIPS.

Extract from a paper discussing the types of steam-
ships, by Norman W. Wheeler.

The extreme depression of late years en-

dured by the European steam navigation in-

terest has produced the natural results of

rendering prominent, and of bringing into

somewhat extended use, better and more
economical types of ships and marine steam
machinery. The practical success attend-

ing the efforts of Messrs. Randolph, Elder

& Co., and others, in introducing economi-

cal principles into steamship practice, may
properly be taken as good warrant for the

adoption here of the same principles. It

affords the writer much pleasure to know
that able European engineers have inde-

pendently worked out and made successful

general plans which he has persistently ad-

vocated for more than twelve yeai's, and in

one instance reduced to successful practice.

Many European steamship companies

have altered, or are now altering, such of

their old paddle-ships as are deemed worth
the conversion, to accord with modern
economical systems, and the more promi-

nent and enterprising companies have utter-

ly discarded the old and expensive practice

comprising non-expansion, salt feed water,

slow piston speed, and very narrow, deep
ships. A few instances are noted below
contrasting the performance of steamers un-

der the old system with that of the same or

like ships under the new, the authority

being that of the French Society of Engi-

neers.

The French steamer Europe, 2,200 tons,

and 900 nominal horse power, consumed an
average of 1,158 tons of coal per trans-

Atlantic voyage, the mean speed being 10.-

75 miles per hour. The St. Laurient, with

hull and boilers identical with those of the

Europe, consumed 1045 tons of coal per

trans-Atlantic voyage, the average speed

being 11.9 miles per hour. The engines of

the two ships, considered by themselves, are

practically equal to each other in economy,
and the difference in performance is solely

due to the substitution of the screw for the

paddle-wheel as an instrument of propul-

sion. The chief gain in this case is in

freight capacity ; but the passages are re-

duced by about seven hours, and 113 tons

of coal are saved.

These results decided the proprietors of

the line to convert the paddle steamer

Washington into a twin screw steamer, with

improved engines, but without change of

hull or boilers. With the former engines

and paddle-wheels, the consumption averaged

96 tons per day, and the speed 10 miles per

hour. She now consumes 83 tons per day
and averages 11.8 miles per hour.

The commercial gain by the conversion is

two days time in a trans-Atlantic voyage,

335 tons of coal per passage, and an in-

crease of freight capacity equal to the coal

saved. If she were driven at her present

speed by the old engines and wheels, the

consumption would be 157 tons per day. If

she were driven at her old speed by the new
machinery the consumption would be 50
tons per day, making a difference of 46 tons

per day in one case, and 61 tons in the

other.

The Napoleon III averages 10.58 miles

per hour, and consumes 115 tons per day.

Messrs. Randolph, Elder & Co., have con-

tracted to convert the ships into a twin

screw steamer, with their system of steam

machinery, guaranteeing a speed of 12 miles

per hour with a daily consumption of 70

tons. To drive this ship at the promised

speed with the old machinery would require

167 tons of coal per day, and to drive her

at the old speed by the new machinery will

require but 48 tons; a difference of 97 tons

in one case and 67 tons in the other. # * *

The steam yacht Octavia, the property of

Mr. T. W. Kennard, is believed to be the
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most economical ship extant, and the earli-

est example of compound engines connected

directly to the screw shaft. The hull and

engines were designed by the writer, some

of the leading features having been dictated

by Mr. Kennard. The Octavia is a wooden,

single screw steamer of 425 tons displace-

ment at mean draft, fitted with one pair of

Wolff cricket engines, with steam jackets,

four to eight fold expansion, surface con-

denser, and flue and return tubular boilers.

The engines develop 250 indicated horse-

power, with the consumption of 300 lb. of

anthracite coal per hour ; the efficiency

being one horse-power per hour per 1.2 lb.

coal. With the above indicated develop-

ment of power and consumption of coal, she

runs full 11 miles per hour in calm weather,

as has been proved by repeated trials. In

a winter cruise lasting 23 days (steaming

time), with the wind varying from a full

gale to a strong breeze, always in such di-

rections that no sail could be carried, her

average run per day was 200 miles, and the

daily consumption four tons of anthracite.

She is, however, capable of a much better

performance. During the whole of the

cruise the steam jackets were not used, but
allowed to remain full of water, through a

misapprehension of the engineers relating

to steam traps.

It will be fair to assume that with the

power required for a calm weather speed of

11 miles, her mean sea speed will be 9 miles

per hour.

It is well known that for similar ships of

different tonnage, the power required to

propel them at given speeds, below the

wave speed of the shortest ship, varies as

the squares of the cube roots of the ton-

nages, and that for different speeds of the

same ship, below the wave speed, the power
required varies as the cubes of the speeds.

These principles enable us to compare the

Oetavia's performance with that of large

commercial steamships. Let us assume a

ship of 5,000 tons displacement, having the

characteristics of the Octavia, and compare
the probable performance with that of the

Pacific Mail S. S. Great Republic.
The last named ship sailed from San

Francisco September 3d, 1867, and arrived

at Hong Kong October 5th, the distance

run being 6,623 miles by observations, the

running time 691 hours, and the consump-
tion 1,373 tons of coal, making the mean
speed 9.586 miles per hour, and the con-

sumption 4,451 lb. in the same time. For

a similar speed of 9.586 miles per hour, the

5,000 ton ship will require only 1,848 lb. of

coal per hour, which is a trifle more than

0.4 the consumption of the Great Republic
for an equal speed.

Were the Great Republic as economical a

ship as the Octavia, she would make the

trans-Pacific voyage in the same time as

now, and consume but 824 tons of coal, sav-

ing 549 tons, and adding so much to freight

capacity. If the engine power of the 5,000
ton ship were so much increased as to make
the consumption per hour equal to that of

the Great Republic, the speed would be
12.9 miles per hour, the voyage be perform-

ed in 531^- hours, saving 177^ hours time
and 352 tons of coal, adding so much to

freight capacity. If the engine power were
further increased so that the consumption
per mile would equal that of the Great Re-
public, the speed would be 15.38 miles per
hour, the consumption for the same time

7,143 lb., and the voyage made in 431 hours,

saving 260 hours time.

LOCOMOTIVES FOR LONG RUES.

Compiled from " The Engineer."

Express trains between important centers

must be " through " trains in order that

they may be worked with the greatest econ-

omy at the highest speed. This condition

is not invariably easy of fulfilment ; and
until the invention of the water trough and
scoop, by Mr. Ramsbottom, they probably

could not have been fulfilled at all. At this

time it is certain that the advantages to be

derived from long, continuous runs are not

fully realized ; and it is more than probable

that important changes in the method of

working express traffic will be introduced

before many years have elapsed. The Lon-
don and North-Western Railway Company
were among the first to perceive the advan-

tages to be gained by traversing distances of

seventy or eighty miles without a stop, and
Mr. Ramsbottom placed at the disposal of

his directors the means of traversing even

greater distances without interruption.

The full advantage of the water trough

system was not taken, however, until the

completion of the great Runcorn bridge

;

and the novel announcement that Liverpool

is to be placed within four hours of London
by express train was reserved for 1869.

Liverpool is in round numbers 200 miles

from London, via Runcorn, and in order

that it may be reached at 4 p.m. by a train
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leaving London at 12 noon, it is necessary

that an average speed of fifty miles per hour

should be maintained the whole way. To
accomplish such a feat will be no mean
achievement; its regular daily performance

will be a novelty in railway engineering,

and it is worth while to consider what has

to be done, and by what manner of engines

the work can be best performed. It is ob-

vious that the run from London to Liver-

pool must be continuous. Each stoppage

would consume at least three minutes dur-

ing which the train would be standing

;

while an equal time would be expended in

the retardation and acceleration of the train.

Whether an engine shall stop or not ob-

viously depends on two things ; first, its

powers of carrying or taking in water and
coal ; and, secondly, its capacity for contin-

uous exertion without examination or ad-

justment of parts. The largest tenders yet

made hold little more than 2,000 gallons of

water, while, with their frames and wheels,

they represent each a load of over twenty-

two tons. But the supply of water which
these tenders carry would not last for more
than a third of the distance to be traversed.

Therefore their tanks will be replenished en

route by the aid of scoops. It is not prob-

able that these express trains will ever be

of great length ; exclusive of engine and
tender they are not likely to weigh much
more than seventy tons. The engine we
may set down at twenty-eight tons, making
a gross load of, say, 100 tons. The addi-

tion of a tender increases the whole load

moved by say one-fifth, or the load to be

drawn by the engine by two-sevenths. At 50
miles per hour the resistance of the tender

will average about 25 lb. per ton, or 500 lb.

for twenty tons ; and, in overcoming this

resistance, the engine must do work each

hour equivalent to 132,000,000 foot-pounds.

And in four hours, that is to say, on the en-

tire run, the duty will amount to 528,000,-

000 of foot-pounds. Stated differently,

more than 66 horse power indicated, will be

expended by the engine in hauling the ten-

der alone. As the water is consumed the

resistance will be reduced a little ; but, all

things considered, we are disposed to think

that we have under, rather than over, rated

the amount of power which will be required

to propel a 2,000-gallon tender at 50 miles

per hour. Arrived at this point, the first

question which suggests itself is, naturally

:

Is it possible to dispense with the tender ?

To this our answer must be in the affirma-

tive. Seeing that we cannot do without
water troughs, why not have more of them,
and replace the 2,000 gallon tender by a
400 gallon tank. It is absurd, practically,

to abolish water cranes, and yet to retain an
evil which was necessary only because noth-

ing better than the water crane was known.
By getting rid of the tender, more weight
would be rendered available for adhesion,

and all the working expenses would be ma-
terially reduced. We are not in a position

to state accurately what the expense of ad-

ditional water troughs would be ; but the

value of the suppressed tenders, and the

economy effected by the suppression would
go far to compensate for the extra expen-
diture.

Reasoning on the foregoing basis, we as-

sume that the best engines for working the

Liverpool express would be tank engines,

carrying enough water to last them about
fifteen miles. As the quantity of water
taken in would be comparatively moderate,

the troughs might be made much shorter

than those now used to fill a large tender
;

and the scoop arrangements are susceptible

of modifications and improvements which
would render the work of filling a certainty,

instead of depending on the attention of the

driver or stoker.

As regards the other characteristics of the

engines, it may be taken as proved that they

must be large, powerful, and heavy machines.

However well light locomotives may answer
for moderate speeds and short runs, on the

Liverpool trip they would be out of place.

The work to be done is heavy, and the

engines doing it must be not only well up to

their work, but a good deal above it. Out-
side cylinder engines, on eight wheels, four

being coupled as drivers, and four placed in

an Adams' bogie in front, would probably

answer very well.* The tank would be
placed beneath the barrel of the boiler, and
a coal-box might run at each side. The
cylinders would be 18 in. by 24 in. stroke,

and the wheels should not be less than 7 ft.

in diameter. Boiler pressure 120 lb. at

most, and we should prefer to give the

cylinder another inch of diameter, and to

reduce the pressure to 100 lb. It will be
said that this is retrograde practice, but we
know that steam of great pressure and high

temperature is very injurious to packing, and
even to the iron of the cylinder and valve

faces, which it is not easy to lubricate prop-

* This looks very like an American locomotive.

—

Ed. V. E. M.
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erly under the conditions, and it is by no

means improbable that on long runs, during

which no water can find its way to the

cylinder, more trouble may be caused by
high steam than it is worth—trouble which
would not be encountered at all if the runs

were short. All the working parts should

be stronger than usual, and rubbing surfaces

should have much larger dimensions than are

commonly given to them.

While considering this portion of the

subject it may be worth while to illustrate

in a compact form the work which the Liver-

pool express engines must execute. The
driving wheels being 7 ft. in diameter will

make 240 revolutions per mile, or 48,000
revolutions in running from London to

Liverpool. When traveling at fifty miles

an hour, 7 ft. wheels will make 200 revolu-

tions per minute. It will require good fitting

and lubrication to enable a couple of shafts

running in four bearings, each sustaining

four tons, to make 48,000 revolutions with-

out ceasing for a moment, at the rate of 200
per minute, without heating or cutting du-

ring the four hours which must elapse before

they can receive any proper inspection or

attention ; and the same holds good of the

big ends of the connecting rods, the eccen-

trics and straps, etc. Each piston will pass

through a distance of 192,000 feet, or near-

ly 36| miles, in the course of the trip, and
the contents of each stuffing box will be at

the end of the journey as though a rod of

iron 36 J miles long had been drawn through

at the rate of 800 feet per minute. We say

nothing of the concussive strains due to the

speed. It will be seen that the conditions

are severer, however, than those under which
locomotives constantly work with great

success, save' in one important respect.

When engines stop to take in water, an op-

portunity is afforded for at least a cursory

examination, which an experienced driver is

prompt to avail himself of; and it is possi-

ble to attend to a hot bearing or to fill up an
exhausted lubricator. But the continuous

exertion of nearly the maximum power of a

large locomotive for a period of four hours

is a condition which has never yet obtained

in regular railway practice. We have no
doubt whatever that the difficulties which
may arise will be easily overcome ; but we
think it highly probable that it will be found

expedient to design locomotives for this kind
of service which will differ in not a few re-

spects from those types of express engines

now regarded as the best possible.

EXPERIMENTS WITH THE RODMAN GUN
IN ENGLAND.

The 15-inch Rodman Gun, which some
time since gave the British authorities a new
idea of American ordnance, has again been
fired—ata20-in. target—with rather destruc-

tive effects upon the armor. The result is

considered highly satisfactory as establish-

ing the superiority of English, shot I The
"Mechanic's Magazine" gives the following

account of the trial

:

The gun was laid against the Plymouth
casemate at 200 yards range. The powder
charge was 83^ lb. of large grain powder,
and the three shots fired weighed 457 lb.,

451 lb., and 450 lb. respectively. The new
shot are spherical, and are made from a

mixture of cast and refined iron at the Wool-
.wich Laboratory, upon the method patented

by Dr. D. S. Price, the original material

having been first proposed by him to the

Iron Plate Committee of 1862, both for pro-

jectiles and guns. The three rounds fired

were highly interesting, as proving that

round shot for large smooth-bore guns can be
made in England of superior quality to the

American shot. They, moreover, possess

this advantage, that whilst the American
shot are all turned true by machinery, these

shots are cast in moulds with such exacti-

tude as to be ready for use without any such

subsequent mechanical operation. The three

Price's shots fired on the present occasion

were true to the l-300th of an inch, and
passed through the gauging rings both ways
with exactitude.

The first round with the 457 lb. shot

struck the 20-inch thick portion of the Ply-

mouth casemate, making an indent 15^ in.

across, and 5 in. deep, the indent, being

saucer-shaped, with very steep rounded sides

9 in. below the indent was a curved crack,

2 ft. 4 in. in length ; and, above it, a crack

extended diagonally 9 in. to an empty bolt-

hole, and thence beyond to the upper proper

left corner of the lower portion of the plate.

From the above bolt-hole, another crack ran

off at right angles to the first. A large trian-

gular piece of the covering plate, measur-

ing 3 ft. 8 in. by 11 in. by 16 in., was carried

away. The head of a 3-in. through bolt was
also broken off, whilst behind the plate the

5-in. face plate of the proper 15-in. thick

structure of the casemate was indented and
buckled. At the rear of the casemate, the

vertical buttress on the left proper of the

port was bent ; another vertical buttress 2 ft.
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to the left was also bent. The second round
was with the 451 lb. shot, which struck the

15 in. portion near the port-hole. More
than half the shot remained fixed in the

plate, plugging the indent, the centre of which
was 3 ft. 11 in. from the granite base, the up-

per circumference of the shot being only 2 in.

away from the upper edge of the plate. The
metal here was split through, but there was
no other fissure in the plate in direct connec-

tion with the shot-hole. Cracks extended
in various directions, and at the rear con-

siderable damage was done. The 450 lb.

shot, in the third round, took effect on the

upper portion of the proper left wing of the

casemate, where it was 20 in. thick. It

brought down two large pieces of the plate,

which had been battered in previous experi-

ments. The centre of the indent was 16 in.

from the proper right edge of the covering

plate, adjoining and in line with the upper
part of the port, the shot-hole being plugged

by more than half the shot, which remained
in it. At the rear, the vertical buttress on
the left of the port-hole was bulged and
otherwise slightly damaged.

The striking velocities of the shot were as

follows :—Round one, 1,360 ft. per second
;

round two, 1,370 ft. ; and round three, 1,383
ft. The general effects upon the Plymouth
casemate structure were very remarkable,

in the flaking away of the thick face and
covering plates, and in the bursting out of

large portions of the rear planks and vertical

struts. The fh*st action of impact upon the

front plates was to block out squarish areas

by the extension of the old fissures of former
rifle-shot wounds ; then the effect of the

vibration of the layers of iron plates and
planks against each other was to cast these

blocked-out spaces to the front, a peeling

action tending to the rapid distintegration of

the iron wall. The results were highly satis-

factory in establishing the valuable character

of the metal of which the shotwere composed.

State Room Cars.—Much has been done
for the comfort of night travelers, es-

pecially on our through lines to the West,
and in the West. Only one of our roads

—

the Hudson River—is running upon every

important day passenger train, a thoroughly
luxurious car with really comfortable arm-
chairs, as well as large and small compart-
ments for private parties. This American
type of first-class car has many advantages
over the English type coming into use about
New England.

New Works op the Chicago, Rock
Island and Pacific Railroad.—

These works are described in great detail

in the Chicago " Railway Review." They
are situated outside the southern limits of

Chicago. The arrangement of the build-

ings is especially designed to save labor in

handling material. They are built of brick

with iron roofs. The machine shop is 336
XH2 ft., and 18 ft. high, with a wing 36X
50. One end is two stories high, with
offices and drawing-room above, and offices,

store-rooms, and tool-room, below. A
longitudinal track runs through the middle,

on one side of which are fifteen transverse

tracks with drop tables; they are connected

by a transfer table outside. The other side

of the building is filled with Bement and
Dougherty's tools, including three five-ton

cranes, a double and a single wheel lathe,

four radial drills, a quartering machine, an
axle lathe, a 90 in. boring machine, a wheel
boring machine, slotting, shaping and drill-

ing machines, and lathes and planers in

abundance. The boiler and smith shop is

344X80 ft.; the boiler end being 92 ft. long.

It has a central railway track, and is pro-

vided with all the necessary tools. The
smith shop has 36 fires and two steam ham-
mers of 1,000 and 1,500 lb. each, and a

scrap furnace. The Round House has an
entire diameter of 278 ft.; the diameter of

its inside space (turn-table in center, 23 ft.

in diameter), is 158 ft.; the house part (roof

pitching both ways), 60 ft.; containing 40
stalls; pits 40 ft. long; 12 ft. wide on the

inner circle, from center to center of pier.

The car shop is 252 x80 ft., and 20 ft. high,

in two stories, with a wing 200X80 ft. A
foundry 130x60, with two wings_ 30x30 ft.

is projected.

The entire cost of the works, thus far, is

$550,000. The master mechanic is Mr. T.

L. Twombly. The master car builder is

Mr. J. L. Fogg.

The Ellershatjsen Process.—We have

a vei'y complete account of the rolling

mill results of converting several kinds of

iron by this process. Analyses are now
being made, of the pig irons, ores, tap-cin-

ders and puddle-bars. When they are com-

pleted, we shall publish the whole. The
general result is a large loss of ore as com-
pared with puddling, but an improve-

ment of the iron, especially of a cold-short

iron made from hematite ores, when treated

with magnetic ores.
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IRON AND STEEL NOTES.

Mining Produce of the World in Approxi-
mate Figures, expressed in German Cwts.

Br Prof. Tunner.

From the "Scientific American."
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James Russell and Sons Works, "VTednesburt.
—This extensive establishment is one of the

oldest in Great Britain for the manufacture of gas,

locomotive and other tubes. The concern dates

back, indeed, to 1816 ; and Russell's first tube patent

was taken out in 1824. A portion of the works
is occupied in the manufacture of taper tubes, for

telegraph posts in India. It has been found im-
practicable to use wood, as the insects destroy it

rapidly. By means of novel and ingenious machin-
ery, the taper tubes can be turned out as readily as

if they weie of uniform diameter. A large quan-
tity of small tubing is manufactured for bedstead
stuff", and is consumed in the neighboring district.

These tubes are cut into lengths, and are polished

by being placed in a rotating cylinder for a length

of time. The pieces of strip to be made into tubes

are first subjected to the action of a bending ma-
chine (a crocodile, as it is not inaptly termed), and
in this way they are roughly shaped. They are then
put into a Siemens heating furnace, and when a
welding temperature has been obtained, the iron is

drawn through the proper molding apparatus, and
becomes a perfectly welded tube. The hot tubes

are next passed under huge slabs, and are speedily

straightened. In this department there are seven
Siemens furnaces in operation.

The boilers in these works are constructed en-

tirely of tubes, secured together by a junction that

allows of the removal of single tubes in a most ex-
peditious manner. The water is forced through the

system of tubes, and is thus made to pass over the

fire 26 times. The whole arrangement is cased in a

plate-iron chamber. It is impossible that any serious

accident can happen from explosion with this mul-
titubular boiler; for if a tube burst it is a matter of
only trifling inconvenience, and the defect can be
remedied in an hour. The boiler will evaporate 6
to 9 lb. of water with 1 lb. of small coal. This class

of boiler only requires to be more generally known
to be more extensively adopted, especially in con-
fined situations, where an explosion would produce
the most disastrous effects.

Another department of the works is devoted to

the mannfacture of spiral coils for tuyeres, &c, and
of connections of various kinds. A considerable

area is occupied with furnaces for the manufacture
of lapwelded locomotive tubes, which is a branch of'

the trade specially developed by this firm. There
is nothing peculiar in the manipulation of these

pipes, though, of course, more care is required in

the manufacture, and a higher quality of strip is re-

quired. The pipes, when made, are all tested by
steam and hydraulic pressure. The foundry depart-

ment includes the manufacture of all kinds of brass

cocks, taps and fittings required in connection with
tubes. The screwing shops are necessarily very ex-
tensive, and here the latest improvements have been
introduced for performing the operations in the most
expeditious and economical manner. The double
screw-machines are patented by the manager, and
are a great advance upon the methods usually

adopted. In connection with the welding of boiler

tubes we ought to mention a double furnace that is

in successful operation, the grate being so arranged
that two sets of tubes can be heated and worked at

the same time from the opposite ends of the fur-
nace. The longest tube made in these works is 34
ft. 1 in.; the largest is 15 in. in diameter. The
larger sizes of tubes are in some cases used for cu-
rious purposes, one application being for ordinary
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gate posts. The heaviest tuhes made weigh as

much as from 16 to 17 cwt. each. The extent of

the operations carried on by this firm may be esti-

mated from the fact that about 140 tons of finished

iron are used up per week, and that the total length

of tubing turned out per annum averages from six

to eight million lineal feet. The works cover an
extent of nearly four acres, and the number of peo-

ple employed generally averages about 400. A
short time ago the firm passed into the hands of a

limited company, though the management remains
substantially what it was previously. Mr. Joseph
Smith is the general manager of the concern, and
Mr. Lambton Brown the practical manager.

—

Alin-

ing Journal.

A Novelty in Blast-Furnace and Cupola
Practice.—Messrs. L. Sibert, D. C. E. Brady,

of Buti'alo Forge, and J. D. Imboden and S. M.
Barton, of Richmond, Virginia, U. S., have patent-
ed a new method of treating iron ores while in pro-

cess of reduction in a blast-furnace, and of treating

cast-iron in a cupola or other melting furnace for

the production of steel or a superior quality of iron.

It also relates to a method of treating the molten
metal after it has left the blast or melting furnace,

but while it is retained in a molten state, for the
purpose of effecting a more complete purification.

The 'first part of the invention relating to the treat-

ment of the ore or iron in the reducing or melting
furnace consists in the use of a fiux composed of
manganese and common salt with limestone or shells,

such flux being introduced into the furnace to or

with the ore or iron, and acting upon the ore or iron

during and after its fusion and while subjected to

the action of the blast to decarbonise it, and to

cause the expulsion and carrying off of silicon,

sulphur, phosphorus, and other impurities, and
bring the iron to such a state that on its being sirnply

cast into moulds it will have the character of
cast-steel, and may be used for various purposes
without further manipulation, or may he sub-
jected to hammering and rolling to reduce it to

bars for the manufacture of tools or other articles

requiring hardness and temper.* The method of

introducing the flux to the furnace may be the same
as that of introducing any other flux, but in order
to prevent the salt from sinking too rapidly through
the furnace it is proposed generally to reduce it by
water to a saturated solution, and to throw or

sprinkle this solution upon the ore or pig or cast-

iron, and allow or cause its water to evaporate be-

fore introducing the ore or metal to the furnace.

t

The fuel and ore or metal may then be introduced
to the furnace in the usual manner, and the requi-

site quantities of manganese and limestone or shells

introduced above each charge of ore, and the opera-

tion of reducing or melting be proceeded with in

the usual manner. The quantity of the flux employ-
ed may be varied according to the quality of the

ore or iron to be treated. In aid of the manganese,
and to some extent as a substitute for it, there may
be used iron ores of qualities containing large pro-
portions of oxygen, and by such use of such ores or of
crude metal more or less highly carbonised the fused
mass may be operated upon to regulate and grade

* Fluxing with manganese and salt is not new, but the
production of tool steel ingots from the blast-furnace by-

means of such fluxes would be a novelty indeed.

—

Ed. V.

Ar s Ma:*.

t See Van NostranxTs Magazine, No. 2, page 142.

the quality of the metal produced. When the steel

or refined iron thus produced is to be made by
hammering or rolling, or both, into bars of suitable
shape for the manufacture of tools or other articles,

it may be run from the reducing or melting furnace
into heated ingot moulds of cast-iron, and thea
covered with powdered maDgauese, and the moulds
set in a heating furnace and kept at a uniform high
heat, but not in a molten state, for several hours,
or until the metal has parted with a portion of its

carbon which is taken up by the oxygen in the
manganese, and has become of a more steel-like

character. The metal having been thus kept at a
uniform high temperature for a long time is cooled
slowly in the furnace, and in the process of cry-
stallisation under these conditions the molecules
arrange themselves in such relation that the metal
after hammering and rolling possesses the flexibility

and tenactity of cast-steel. When it is desired to

give the metal a higher quality, resembling that of
the better qualities of cast-steel, instead of running
it from the reducing or melting furnace into ingot

moulds as hereinbefore described, it is run into

crucibles which are placed in a heating furnace,

wherein it is kept in a molten state for several hours
before casting into bars or ingots, or other forms,
and about from 20 to 30 minutes before casting,

there is introduced and stirred into it sulphate of
magnesia in the proportion of about one part by
weight to every 1000 parts of the metal.

—

Mining
Journal.

THE LURMANN IMPROVEMENT IN BLAST FUR-
NACES.—The use of Lurmanu's improved blast

furnaces, with closed fronts, (introduced into this

country by Mr. Asmus) is making rapid progress on
both sides of the Atlantic. In Germany it finds

universal adoption. Very satisfactory reports have
been received from a number of charcoal, anthracite

and coke furnaces in the United States. The claims

of the inventor, seem in most cases to have been more
than realized. The weekly production is increased

fifteen per cent, and upwards ; while that which was
formerly considered the most arduous portion of

the labor at the furnaces is entirely abolished.

Among the establishments at which this patent

cinder-block is now in operation, we may mention
the Thomas Iron Works, Hockendouqua, Pa.

;

Shoneberger, Blair &, Co., Pittsburg ; Brady's

Bend Iron Go., Pa. ; Carbon Iron Co., Parry-
ville, Pa. ; Northampton Iron Co., Bethlehem, Pa. ;

Sligo Furnace, Pa. (charcoal) ; Pennsylvania Fur-
nace (charcoal) ; Muirkirk Furnace, Md., (char-

coal) ; Cleveland Rolling Mill Co. ; Chicago Iron

Co. ; and New Jersey Zinc Co., Newark, N. J.

In a few cases, the introduction of the new im-
provement has not been attended with satisfactory

results ; but superintendents and workmen will

hardly be able, in view of its universal success, to

satisfy their employers that the fault is in the prin-

ciple of the invention itself. It is not surprising

that prejudice and private interests should in many
cases delay the introduction of really beneficial im-
provements ; and on failure arising from such

causes, we shall waste no words at present. We
think it well however, to warn American iron-

masters against one of their own besetting sins,

which, in the present instance, may lead to unneces-

sary disappointment.

In trying an invention like Lurmann's cinder-

block, which has been already endorsed by experi-
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ence, an iron-master, who is not yet familiar with it

should follow strictly the directions of the inventor.

One of the great difficulties with which this im-
provement has had to contend has been the itching
desire of American metallurgists to vary it before,

they had tried it. Many are afraid that the cinder
will not run through a hole so small as the drawings
prescribe ; and they at once increase the bore of
the cinder discharge, thereby materially lessening
the advantages which it secures, by necesssitating a

periodical stoppage of the blast. One inch and a
half at the narrowest part is large enough diameter
of cinder-discharge for the largest anthracite fur-
nace. If these dimensions are exceeded, the blast

soon follows the cinder with such force, that it must
be turned off or slackened to allow the opening to

be closed. We do not insist upon a continuous dis-

charge of ciuder, though Lurmann himself has
obtained in this way the best results ; but we think
both fairness and prudence should lead our furnace
men to adhere to the proportions and constructions
he proposes, until they have used them long enough
to be certain they can better them.

—

American
Journal of Mining.

MANUFACTURE OF IRON AND STEEL NEW PRO-
CESSES.—Messrs. A. Ponsard and F. E. Boy-

enval, of Paris, have patented a peculiar process
and furnace for manufacturing cast and wrought
iron and steel whereby the costly blast-furnaces
hitherto employed are dispensed with. The furnace
is constructed similar to a reverberatory furnace,
with a double sloping hearth for the collection of
the molten metal. The hearth is heated either by
an ordinary furnace, or by gas. Upon each of the
sloping sides of the hearth rest the lower ends of a
number of vertical fire-clay tubes or crucibles, with-
out bottoms, such tubes entering at their upper ends
with holes in the roof of the furnace, which roof is

covered by a cast-iron plate, forming a platform,
and being provided with moveable lids which fit

t

over the mouths of the different springs leading
down into the tubes. The ore, fluxes, and fuel are
fed into the several tubes from the platform ; the
flames circulating round the exteriors of the tubes
effect the fusion of the ore without coming into
contact therewith, the small amount of fuel contain-
ed inside the tubes along with the ore and flux, in
order to effect the deoxidation of the ore and the
earburation of the metal, should be of the best
quality. It will thus be seen that two distinct kinds
of fuel are employed—the ordinary fuel, for the
purpose of fusion, and a superior fuel, of which
only a small proportion is required. The molten
cast-iron runs out of the bottoms of the vertical
tubes and down the sloping sides of the hearth, and
as fast as the contents of the tubes subside or
descend fresh supplies of ore, fuel, and flux are
added, thus rendering the process continuous. The
molten metal is run off through a tapping hole in
the side of the furnace, and the slag is removed
through a separate opening from time to time as
required.

In making wrought-iron the same apparatus is

employed, and the wrought-iron is obtained direct
from the ore. The ore employed should be first

reduced to a metallic state, by subjecting it to an
elevated temperature in a furnace in contact with
the fuel. The ore thus reduced is introduced into

e vertical fire-clay tubes, and the process con-
tinued as for the production of cast-iron, taking

care, however, that no coal be mixed with the ore,

which would in such case become carburated, the

result being cast-iron or steel. In making steel the

process is substantially the same as for cast or

wrought-iron .

—

Mining Journal.

PRODUCTION OF LARGE HOMOGENEOUS MASSES OF

Wrought-Iron.—Some years since, the weld-
ing of two or more puddled balls into one, under a

steam hammer, was practised in Wales, and, by
this means, large masses were produced, but the

process was not satisfactory, because the surfaces of

the balls became oxidized, and good union could
not always be secured between them in consequence.
Puddled balls are now welded iu the same way,
both at Consett Iron Works, Durham, and on the

continent of Europe, but the process is, in both
cases, open to the objection we have just pointed

out. Now, by welding the puddled balls together

in a furnace, according to the invention of Mr.
John Harris, of the Harefield Iron Works, Middle-
sex, and Mr. Vaughan Pendred, of London, (Editor

of "the Engineer,
-

') a perfect union is secured,

because the iron at the time of welding is surround-
ed by a deoxidizing or neutral flame, caused to be
present in the forging hearth by regulating the

damper. The formation of scale is thus effectually

prevented on the faces to be united ; the iron or

steel, too, being maintained at a high temperature,

the cinder or slag is kept fluid or lively, and may
be the better expelled. Another advantage is that

the cost of producing rails, armour-plates, etc., will

thus be much reduced, because a mass of homo-
geneous iron or steel may be made at once of suf-

ficient size to form a rail, armour-plate, or shaft,

and the process of reheating, cutting, and piling,

may, therefore, be dispensed with.

The machinery for effecting the process is fully

illustrated in the " Mechanic's Magazine '' of Feb.

26, 18G9. Two horizontal steam hammers on op-
posite sides of a heating furnace, strike, through
suitable openings, upon the masses within the fur-

nace. A similar process for building up great guns
was devised by Alonzo Hitchcock, an American
Engineer, during the late war, and is illustrated on
page 386 of " Ordnance and Armor." Gas weld-
ing in its various applications is considered by ex-
perts to be one of the most promising directions of

improvement in iron construction. The results of
Bertram's gas welding of boilers and girders is well

known.

Curing Bad and Burned Steel.—A locksmith

of Mulhouse, named Herrenschmidt, claims to

have discovered a mixture which is said to give to

the commonest steel the grain and the temper of

the finest cast metal, and, moreover, to have the

power of bringing back the original quality of, steel

which has been burnt. The mixture is composed vs

follows :. With 16 litres of distilled water mix one
kilogramme of hydrochloric acid, 19 grammes of

nitric acid at 36 deg., 21 grammes of sulphate of

zinc, and 100 grammes of tripoli. In this mixture
is to-be placed a piece of cast iron of the first fusion,

weighing 100 grammes; when the acid mixture has

acted on the iron for 24 hours, the composition is

ready for use in the ordinary way, and it remains
effective till it is all used.

Bessemer Steel in France.—The production of

Bessemer steel last year in France was 42,601

tons; in this total rails figured for 25,760 tons.
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Applying Hydrocarbons for Smelting.—The
improvements in the use of hydrocarbunaceous

fluids in combination with super-heated steam fel-

ine purpose of smelting, working of metals, etc.,

provisionally specified by Mr. Paul Rapsey Hodge,
Cf London consist in the use of compound jets,

wherein the steam and hydrocarbons are brought
together at the same time in their proper* equivalents

to produce proper combustion. If for smelting or

melting purposes for any of the metals, he inserts a

compound jet in combination with, or in close proxi-
mity to, the tuyere holes or blast, so that the flame
and heat arising from the combination of these two
elements may unite and commingle with the other

combustibles of the cupola, and reduce the

"charge." He further proposes the use of these

compound jets in the smelting, melting refining, or

annealing of iron, brass, copper, lead, tin, silver,

gold, ro any other metal, either in the cupola, rever-

beratory, or annealing furnace, or in furnaces wherein
the metals are reduced or melted in pots. He uses

the compound jets of hydrocarbon and steam in the

heating and re-heating of metals for forging, weld-
ing, or brazing, as in the manufacture of iron or

brass tubes, and by distributing these jets at such
distances as will emit their flame to produce a
uniform heat throughout the whole length of the

furnace, such jets to be used either in combination
with or without any other fuel. The compound
jets are also applicable for the calcination of
metalliferous ores, and for other purposes.

—

Mining
Journal.

Utilizing Old Steel Rails and Rail Ends.—
Mr. J. Thompson, of Stafford, England, has

lately patented two improvements in this direction,

both of which, however, have been previously prac-
tised in this country. His process is first, by divid-

ing the rail, that is to say, passing it between rolls,

so turned and arranged that they present V shaped
projections to the heated metal passed between
them, which has the effect of dividing the mass into

many parts, which are afterwards rolled down into

bars, &c. And, secondly, his improvements consist

in so arranging his rolls that the thinner portions,

such as the intermediate part of the top and bottom
of a rail, shall be supported while the larger por-
tions are reduced Thus by a series of rolls or

grooves, a rail end may be first reduced to a flat

mass, and then compressed or rolled edgeway, so

that the middle portion shall be wrought and be
subjected to the beneficial effects imparted by the

processes, until the whole mass is reduced down to

a bar of a suitable or desired form in its transverse

section. In no case is the metal, while under ope-
ration, allowed to overlap, an effect he entirely

avoids, as the description of metal named will not
weld like ordinary iron or steel.

The Flexion of Iron and Steel.—The residts

of all the experiments on flexion are thus briefly

summed up by Mr. Styffe, in his new work (review-

ed on another page) on iron and steel :

1. Iron sustains at low temperatures a greater and
at high temperatures a smaller load than at the
ordinary temperature, before it obtains any percep-
tible permanent deflection.

2. The modulus of elasticity for steel and iron on
flexion may, for practical purposes and without
committing any considerable error, be generally as-

sumed equal to that on traction. It is diminished

by permanent deflection, but may be restored by
heating, especially if raised to a red heat.

3. By hardening steel, its modulus of elasticity is

diminished; but this diminution has not, in any of
the hardened bars examined, amounted to more
than about three per cent.

4. The elastic force of steel and iron on flexion,

as on traction, is increased on reduction of tempe-
rature and diminished on elevation of temperature.
The amount of this increase or decrease for a change
of temperature equal to 1.8 deg. Fan. (1 deg. Cent.)
does not, however, in general amount to more than
0.03 per cent, and apparently never rises to 0.05

per cent.

The Bessemer Steel Trade.—It is understood
that Mr. Bessemer has signified his willingness

to reduce his royalties from £2 to 2s. 6d. per ton,

except for steel rails, for which a rebate of 20s. per
ton is already allowed. Ordinary Bessemer steel

will thus be reduced nearly £2 per ton, and rails

about £1 10s. This will remove all inducements
which might otherwise exist to infringe the patent-

rights remaining to Mr. Bessemer after the expiry
of his principal patents in the course of next year,

and at the same time will give an impetus to the

steel rail trade, by permitting the steel rails to be
sold in the market at a price but little higher than
that of iron. If the Heaton process should solve

the question of converting cheap pig iron into steel,

iron rails may, probably, be entirely displaced.

—

Mining Journal.

ORDNANCE AND NAVAL NOTES.

COMPARISON BETWEEN POLYGONAL AND STUDDED
Projectiles.—Under the above heading we

have a very suggestive paper from the pen of Mr.

Joseph Whitworth. In this paper Whitworth pro-

jectiles cast with rifled polygonal surfaces are con-
pared with Woolwich projectiles, with dove-tailed

recesses for the insertion of soft metal studs to give

rotation. The subject is treated under three heads.

1. Simplicity and Economy ofProduction—Poly-

gonal.—Projectiles for field guns are fired as they

are cast, just as in the case of smooth bores. For
large guns, they are planed or shaped, one machine
only being required. The time occupied in rifling

a 9-inch shell, weighing 300 lb., is only twelve

minutes. In studded projectiles the body of the

shot has to be cast with recesses for the studs, or

they have to be drilled in, and recessed with cut-

ters. In either case these recesses are a source of

weakness, rendering the shell liable to break up in

the bore of the gun. The 9-inch projectile has 12

studs inserted in it, by pressure, each one requiring at-

tention ; there are also six different surfaces to attend

to, viz : The body of the shot, the outer circumfer-

ences of the studs, the right and left sides of the

rear studs, and the right and left sides of the front

studs, which are made narrower than the rear studs,

on account of the increasing pitch. The projectile

for field guns has six brass studs fitted into it.

Studded projectiles have in their manufacture to

pass through several workmen's hands, and costly

machines have to be employed, viz : lathes or

grinding machines, drilling and punching machines,

in addition to the riflng machines. The cost of

wages for the large projectiles is many times greater

than for those of the polygonal system ; the cost of

the metal for studs is also considerable ; and to this
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must be added the cost of a packing case or thick

canvass bag for each projectile, on account of the

soft metal studs being liable to injury if one pro-

jectile is allowed to rest upon or knock against

another. In the penetration of armour plates the

studs are an obstruction, and the power required to

shear them off is so much deducted from the force

of the projectile.

2. Arta of Bearing Surfaces.—For a 9-inch
polygonal projectile, the rifled surfaces which both

support and rotate the shot have an area of 187 in.

The 12 studs of a 9-inch Palliser projectile have a

circumferential area of 18 in. for supporting the

shot, but the area of the sides of the six rear studs,

by which the rotary motion is given, is only 1-6 in.

No practical engineer would think of providing so

small a surface to give even a small amount of rota-

tion to a body weighing 250 lb., much less when the

rotation of the shot at the muzzle of the gun has

to be at the rate of about 2,400 revolutions per

minute. The increasing pitch which has been
adopted prevents the use of more than one stud in

each groove for giving rotation. This varying curve
is the worst possible mode of impaiting rotation,

for each rear stud can only bear against the side of

the groove of the gun on a line of its surface, on
account of the ever varying curve, except by ex-

cessive pressure, which jams and distorts the soft

metal, and occasions liability to accident. The
greater the amount of windage, the greater will be

the liability to accident.

3. Centring of the Shot in the Bore.—In starting,

the polygonal projectile centres itself, so that its

axis coincides with the axis of the gun, and it is

propelled through the bore with a steady equable

motion. The studded projectile in starting does

not rise and centre itself parallel with the axis of

the bore, but lies on the bottom ; consequently, the

gases and unconsumed powder pass over the pro-

jectile, causing excessive scoring, and tending to

keep the shot down, thus giving increased pressure

to the outer surfaces of the studs, particularly those

of the rear, and adding to the irregular and vibra-

tory motion as it is propelled through the bore, and
the greater the windage, the more unsteady will be

the motion.

Field Artillery.—"With respect to field artil-

lery, but few important changes occurred in the

course of last year. For the most part the systems
adopted have merely been developed and carried

out. England alone has adopted a new plan by
abandoning the breech-loading Armstrongs for the

muzzle-loading seven, eight and nine-pounders of

Whitsworth. The smooth-bore has been almost
universally abandoned except by America, which
retains smooth-bore twelve-pounders, and perhaps
by Spain. Northern and Southern Germany have
the same system and caliber breech-loading four

and six-pounders. Belgium most closely resem-
bles them in this respect. Revolving cannon, mit-
railleuses, and other similar instruments have been
almost universally experimented upon, with excel-
lent results as far as short and middle distances are

concerned. Great value is attributed to |hem in

the defence of defiles and trenches, but they have
been nowhere adopted except in France, where they
are to be used in the field. With regard to heavy
artillery, the chief interest is excited by the ques-
tion of iron plating. After the English experiments
it may be considered as certain that the smooth-bore

used in America, in spite of any possible increase

of caliber, is inferior to the rifle-bore in its effect on
such armour. The English experiments on plated

land fortresses were highly interesting, as they show
that, undei favorable circumstances, twelve-pound-
ers are equal to attacking the strongest plating. At
present the sides of ships covered with eight or

nine inch plates, like those of the English Hercules,
are no protection against the heavy artillery now
on trial. While the English tubes are formed of
wrought iron, France and Sweden use cast iron, and
Prussia, Russia and Belgium, cast steel. As mate-
rial for projectiles use is made of cast steel and
hard cast iron prepared in England by Palliser, and
in Germany by Gruson. That cast in Germany
most closely approaches cast steel, as the balls mi.di
of it penetrate the plating without being broken, as

those of Palliser are. The chief advantage of hard
cast iron is its great cheapness when compared with
steel. An important problem with respect to sieg3

trains, and those intended for the defence of fortifi-

cations, is the placing of the guns behind earth-
works, so that the men that serve them may be
covered without the range being obstructed or nar-
rowed. The Prussian system is inferior to the Eng-
lish one in this respect, but Mr. Moncrief attains his

end by means of a complex mechanical arrange-
ment, and at a far greater expense. The prismatic
powder is now much used for heavy artillery. In
conclusion, attention is called to the fact that, in

spite of all activity and all endeavors after perfec-

tion, we are still far from having brought the mat-
ter to a definite conclusion. It is true that time
and circumstance often force us to make a choice,

but we have not yet attained a point from which
the end can be seen.

—

Krcutz-Zeitung.

The English Guns and Gun Factory.—Eng-
lishmen have reason to be proud of Wool-

wich as it now is, grumblingly as they may pay the

bills which the great national arsenal involves.

There is there that high order of engineering

thought, engrafted upon Sir William Armstrong's
best but not always useful thoughts, of which all

Englishmen may congratulate themselves. There
is the highest order of skill, perfected by the longer,

steadier, more sober training, of which we may
justly boast as a nation, when compared with other

industrial nations. To see old cast iron guns pud-
dled into good bars, to see them welded up to

lengths of from 150 ft. to even 270 ft., to see these

heated in a heating furnace 190 ft. long, with, in

some cases, 80 ft. of the bar projecting beyond the

rear end, to see these coiled on a coiling mandril,

to see two or even three of these coils wound upon
each other, to see these solidly welded into a single

block, a block which, for the new 25 ton guns,

weighs, in its rough state, upwards of 25 tons, all

this is a sight to see. It is wonderful to a forge-

man—to any worker in iron—to see these blocks

brought out perfectly sound, turned in lathes weigh-

ing 84 tons, and swung bodily into other lathes,

formed for turning the trunnions. It is something
to see these guns reduced 7 in. in diameter at a

single cut, something to see their steel tubes bored
out of the solid, in segmental chips of £ in. feed,

5£ in. radius, something to feel or to shrink from
feeling the heat generated in boring, notwithstand-

ing the stream of cold water so freely admitted; a

stream almost large enough for the abundant sup-

ply of many a country village—all this is some-
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thing, but it is much more to know, as we do know,
that the guns thus made, costly although they may
be, are indisputably the best guns for naval service

known to ordnance engineers of the present century.
—£ugiuecring.

Armour vs. Speed.—"As it has proved impossi-

ble to invent a plating absolutely impervious to

guns of a high caliber, some have lately begun to ques-

tion the relative advantages of a defense, the value of

which depends on distance. Hence many States

have commenced building very swift vessels of

wood, which are to be armed with heavy guns, and
to carry a larger supply of coal instead of armour,
and these may be very useful in conjunction with

the iron-clads for the protection of the merchant
navy, though they cannot supercede the latter in

the line of battle, or the protection of the coasts.

America has lately built the Wampanoag, a vessel

of great speed, and England is now fitting up on
similar principles the Inconstant, a frigate lately

launched at Pembroke. In order to obtain great

speed, the chief advantage proposed, Reed has giv-

en the frigate an exceedingly light and slender form.

Two smaller vessels, the Volage and the Active,

each of 2,322 tons burden and 600 horse-power, are

now being built at the docks of Blackwall on simi-

lar principles. The Spartan, of 6 guns, lately

launched at Deptford, is still smaller, and its supe-

riority lies in the small quantity of coal consumed.
The Sirius, a wooden corvette, which is intended to

supply the place of those formerly in use in hot

climates, is a vessel of six guns, 1,268 tons burden,

and 350 nominal horse-power, constructed by Reed,
and furnished with very healthy cabins and berths,

and excellent ventilation. Even if these vessels

should satisfy all the expectations formed of them,
they would not, as we have already said, supercede

the iron-clads, and Dupuys de Lome in France, and
Coles and Reed in England, rival each other in in-

genious endeavors to perfect the construction of the

latter."

—

Stuats Anzciger.

RESIGNATION OF M. DuPUY DE LoME THE
French Navy.—In the French naval world

the news of the day is the resignation of the Chief
Constructor of the Fleet, M. Dupuy de Lome, who
has thrown up his office and gone to canvass a sea-

board constituency. It is presumed that he could

not get on with the present First Lord, Rigault de
Genouilly. Most of the large wooden screw vessels,

and all [the iron-clads, with the exception of the

Couronne and a few floating batteries built by Le-
moine, were constructed by M. Dupuy de Lome.
The resignation is kept dark, as there is no naval

architect to replace the engineer who applied steam
to the navy when he built the Napoleon, and plates

to frigates when he built La Gloire. The- state of

the French fleet for the present year is thus set

down: Ships, 2; frigates, 19; corvettes, 9; coast-

guards, 7; floating batteries, 26—total, 63 iron-

clads. Of screws there are 241, or 15 ships, 10 fri-

gates, 21 corvettes, 60 avisos, 70 gunboats, 35
transports and 2 specials. To this force must be
added 51 paddle -wheelers and 100 sailing vessels.

Of the iron-clads we may remark, that the two
ships, the Magenta and Solferino, are not so large,

and are by no means such formidable vessels as the
largest type of frigate, represented by the Ocean,
which is now ready for sea. M. Dupuy de Lome
designed five of these frigates before leaving office

—the Friedland, Marengo and Suffren, laid down a
couple of years ago. and the Richelieu hardly com-
menced. The Ocean will carry more guns than the

Magenta, and she is more thickly plated; besides

this, she lias four fixed turrets on each corner of her
central battery, each armed with an 11-inch gun -

The Minister of Marine, when he defends his bud-
get next week, will perhaps furnish some details

respecting his department. — Army and Navy
Gazette-

I)
ETAILS OF THE AMERICAN NAVY. Mr. Foi'd,

the Secretary of our Legation at Washington,
in his report to the foreign office, dated 31st De-
cember last, states that the cost of the navy during

the past year was £3,656,066, the total number of
vessels of all sorts being 206. The following table

shows its character

:

No. Guns.

52
95
28
31

129
938
199
477

Total 206 1743

It will be seen that the American ironclads carry an

average of only two and a quarter guns. The Euro-

pean squadron includes five vessels : the Asiatic,

nine vessels; the North Atlantic, six vessels; the

South Atlantic, five vessels; the North Pacific,

eight vessels; and the South Pacific, six vessels.

The net proceeds of the prizes captured during the

late war had been adjudicated at the large amount
of £3,151,720. The list of the officers shows a

great absence of the ornamental class; it includes

one admiral; one vice-admiral, and only ten rear-

admirals. There are 302 engineers, 20 chaplains,

11 professors of mathematics, 5 naval construc-

tors, 5 assistant-constructors, and 5 civil engineers.

Mr. Ford states that the Secretary of the Navy
calls attention to the fact that in none of the navy

yards of the United States is there..more than a sin-

gle dry dock, and that there are but six in the whole

country—a deficiency which would be seriously felt

in the event of a maritime war. He adds that the

docks at Cherbourg and Toulon, in France, and at

Portsmouth, in Great Britain, each contain a greater

number of dry docks than all the United States'

dockyards combined; and that whilst Great Britain,

France, and other maritime powers are : .
increasing

their dry dock facilities, nothing in a similar direc-

tion is being done in the United States.

—

Engineer.

Eailway Education for Soldiers.—It is now
i proposed, though not for the first time, to

teach the soldiers of France how to run a railway,

in view of the new and important function of rail-

ways in warfare. Says a Paris correspondent of

the " Engineer ": The Minister of War and the

Ministe* of Marines have applied to the great rail-

way companies to arrange for the instruction of the

military engineer corps in the work of laying down
and keeping in order iron ways which may become
necessary in case of war, and also in the stoking and

managing of locomotives. The companies are said
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to have expressed their readiness to do all in their

power to Garry out such measures, considering that

it would be greatly to their interest to have a body
of disciplined and intelligent men instructed in such
duties, and from which hereafter they may obtain

engine drivers, stokers, and other servants and
officers.

Moveable Harbor Obstructions.—A subject

under consideration by the French naval au-
thorities, is the defence of maritime ports without
obstructing the way ; several plans have been'pro-
posed in the case of Toulon, but none have been
considered satisfactory, and a new project is now
put forward, which consists in the establishment of

a floating stockade, which can be laid across the

entrance of the port or withdrawn in a few hours,

and which at the same time shall be sufficiently

strong to withstand the full force of a steam squad-
ron, and thus guarantee the port from all chances
of sudden attack. The problem is not a very easy
one to solve, except at a considerable cost, and we
shall see whether the military and civil engineers
will hit upon a solution of it.

—

Cor. Engineer.

Italian Iron-Clads.—From a recent report of

the Italian Navy Minister it appears that during
the year 1868 three iron-clads were completed in

the Italian dockyards. These vessels were the

Venezia, a frigate; the Caracciolo, a corvette; and
the Alfredo Cappellini, a gunboat. Their aggre-
gate tonnage was 8,000, their steam power 1,270.

Four other iron-clads were in course of construc-
tion at the end of the year 1868, and the works
were being pushed forward with great activity.

Italy is now building her war vessels in her own
dockyards, and fitting them for sea without foreign

assistance, except in the case of the guns, which
are of the Armstrong pattern, and which have ac-

cordingly to be obtained from England.

Proof of TJ. S. Guns—Error Corrected.—In
the last number of this Magazine, we copied

an item from the " Philadelphia Inquirer " on the

cost of heavy guns, in which it was stated that
" from the spring of 1861, all 15-inch guns pro-

cured at Pittsburgh were taken without any powder
proof, according to an order from the Chief of Ord-
nance.'' This statement, we now learn officially, is

not correct. Every 15-inch gun, and indeed every
gun procured by the ordnance department at Pitts-

burgh was subjected to the powder proof before

being taken. And the Chief of Ordnance never
accepted or authorized the removal of any guns
from any one of the foundries before it was fired.

Soft Armour Plates.—The results obtained last

summer on the trials of the " Millwall Shield"
and " War Office Casement," as compared with
the late results against the "Plymouth Fort"
section, seem to have settled the question for ever
as to the relative advantages of soft and hard iron

plates for resisting shot. In the former trials the
plates were soft and copper-like, and there was
scarce a case of a crack, although the plates were
hit much harder, while the result upon the hard
plates of the Plymouth Fort were fearfully great,

even against the twentieth portion of the target.

—

Army and Navy Gazette.

The Forty-Ton Gun.—Preparations are making
at the Royal Gun factories for the manufacture

of the 40-ton gun, some time ago designed by Mr.

Fraser. Of the 25-ton 11 in. guns, a good number
are already completed.

ANew Rifle, the invention of Meyhofer, in East
Prussia, is said to be capable of discharging

thirty shots a minute, and of killing at 1800 paces.

RAILWAY NOTES.

The First Locomotive.—Pen-y-darran, "Wales,

is chiefly remarkable for its connection with the

first tramway—for which an act of Parliament was
obtained in 1803 for the first locomotive ever tried,

—

and with the able inventor, Trevethick, who there
made his first essay. The first run of the locomo-
tive occurred in February, 1804. Previously there

had been a whisper in the scientific world of the use
of steam and of its employment in propelling

vehicles, and abortive attempts having been fre-

quent. Samuel Homfray by some means was
brought into connection with Trevethick, and the

result was that this able but ecentric man visited

Merthyr, and in conjunction with a self-taught

mechanic, one Rees Jones, whose homely portrait

can be seen in the Kensington Museum, began to
build his locomotive. Building is not an inappro-

priate word in this case, for the stack was actually

built up of bricks the same as an ordinary chimney,
and the whole affair was peculiarly odd. The stack
was tall and clumsy, the body, dwarfed, perched on
a high framework, so as to approximate to the
spider fashion ; the cylinder, in addition, was up-
right ; the piston worked downwards, and at every
revolution of the wheels there was a monstrous
clang produced which, heard nowadays with the

asthmatic puffs of steam, would provoke the gravest

mechanician to laughter. When completed, Hom-
fray introduced his friend Richard Crawshay to the

novelty, doubtless much to that individual's amuse-
ment, certainly to his incredulity as to its being fit

for anything, for he readily accepted a wager with
Homfray for £1,000, maintaining that it would not

convey a load of iron from Pen-y-darran to the

navigation—a distance of nine miles. The eventful

day arrived for the trial, and never had there been
so much excitement. The sturdy Englishmen were
there, and natives from every Welsh county lined

the road, and mounted every eminence that com-
manded the tramway ; and when Trevethick jump-
ed on his iron steed, and began slowly to move on-

wards amidst clanging iron and puffing steam, the

uproar was terriiic. By the arrangements made
no one was allowed to assist the dauntless Cornish-

man and for a time he did not seem to want it.

Surrounded by a host, he passed down the valley,

making about five miles per hour when a sad mis-
fortunate happened,—the clumsy stack came in

contact with a bridge and was ruined ! Trevethick

stood for a moment among his bricks, but only

a moment. Fertile in resource, he was soon steam-
ing onward again, and not only conveyed his

load of iron to the navigation, but a crowd of
exultant passengers along 'with it, who to their

latest day prided themselves on their glorious ride.

It was fortunate for Homfray that the wager was-

a loose one. The iron was taken down and the bet

won ; but Trevethick failed to bring his empty
trains back, and for some time the new invention as

a mode of transport remained in abeyance.

—

En-
gineer.
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WORKING EXPENSES OF BRITISH RAILWAYS.

Mr. Forbes, general manager of the London, Chatham and Dover railway, has furnished
" Railway News" the following very complete comparative statement of working expenses on tw
the principal railways of the United Kingdom, for the half-year ending December, 1868.
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German Association of Railway Engineers.—
Some years ago, all the German railway com-

panies joined in a kind of association called " die

Tech mker, Vcrsanvurg des Vereins deulscher

Eiseubahn Vervaltungen," with the object ofbring-

ing the experience of their respective railways into

use to their mutual benefit. A technical commis-
sion of about fifty members was selected from
amongst the most eminent men from the different

divisions of a railway administration. In 1865 a

general meeting was held at Dresden, when it was
decided that the long period of seven to eight years

between each general meeting should be shortened

to two years, and the next general meeting was fix-

ed for 1867, but on account of the war did not take

place till 1868—at Murich. Of the sixty-eight dif-

ferent railways belonging to the association, there

were no less than fifty then represented, generally

by the director-general and the chief engineer.

The advantage of these general meetings is, that

the technical commission had brought together all

the experience gained on the respective railways up
to the present day, and answered all the questions

which at the former meeting were proposed for

discussion. Of the questions twenty-two related

to the permanent way department, twenty-six to the

engine and rolling stock, and fifteen to the traffic

department. On all these questions each railway

company had given their experience, and the

technical commission had from these facts made a

resume in answer to each question and published a

large volume with tables as a " referatc," given to

each member. At the general meeting each ques-
tion was read, as well as the resume in answer to it,

and if no objections were made by any of the mem-
bers it was passed, as decided upon by the gen-
eral meeting.

At the meeting at Dresden again there were
formed different sections to discuss the different

questions where members of each of these branches
could more thoroughly discuss the matter without
unnecessarily occupying their fellow-workmen's
time, as was the case, when all the questions were
treated together. It is only just to the technical

commission to acknowledge the great accuracy, care,

and skill by which all the questions have been
treated. Indeed, we are told that the commission
had had thirty meetings to investigate all the state-

ments from the railways, and draw from them a

resume.

The Progress of the Narrow Gauge in Great
Britain.—The Great Western Railway has

always played a prominent part in the annals of Bri-

tish railways. Its career in connection with the

broad gauge is one of considerable importance, and
its struggles with powerful competitors in the in-

terest of the narrow gauge will not soon be forgot-
ten. It stretches its giant arms to Exeter and South
"Wales in one direction, and to Birmingham and
Liverpool in another ; and in spite of every obstacle,

it presses the London and North Western hard, as
the greatest British railway. But at a time when
it has attanied an importance of which its early
promoters never dreamt, even in their most sanguine
moods, the Great Western appears to be abandon-
ing its first love, and to be gradually likening itself

to other British railwajrs by reducing its gauge to

the width generally adopted. The whole of what
is known as the northern division of the Great
Western has now become narrow gauge ; and, al-

though the broad gauge still stretches westward as

far as Exeter and Truro, it is probably doomed for

good and all, and will disappear altogether as years
roll on. It is with railways as with individuals—

a

policy of eccentricity and isolation does not pay,
and the railway which cannot send its trucks all

over the empire, if need be, is sure to command
but a feeble traffic ; and to yield meagre dividends.—London Colliery Guardian.

British and Prussian Railway Statistics
Compared.—The Staats jinzeiger contains a

comparison of the railway traffic of Great Britain
and that of all the provinces of Prussia for the
year 1867. according to which there was one Prus-
sian mile of railway to every 1.9 Prussian square
mile in Great Britain, and for every 5.3 sq. miles
in Prussia. The capital invested averaged 1,100,-
198 thalers per Prussian mile in the United King-
dom, and 549,975 thalers in Prussia. In the
former State 2.8 locomotives and 90.16 carriages,
aud in the latter 2.4 locomotives and 122.6 car-
riages were employed for every mile of rail. In
Great Britain 17,338 trains run daily; in Prussia
only 6,586, but the distances traversed by the lat-

ter were far greater. In Great Britain 287.807,-
904, and in Prussia 38,766,866 persons were con-
veyed. In the former State the expenses amounted
to 43,001 thalers, and the receipts to 86,480 thlrs.,

and in the latter to 43,091 and 78,813 thalers per
mile. The expenses are as follows : In the United
Kingdom, for management of the line, 19 per cent
transport 62, general management 18.3; in Prus-
sia they were 32.6, 61.4 and 6 per cent. The paid
up capital averaged in Great Britain 3.91, and in

the Prussian private lines 5.98 per cent.

The Pacific Railway.—Mr. Dilke, in " Great
Britain," says: The discovery that it was

practicable to carry a railway over the Rocky
Mountains, within American territory, fell almost
as heavy on the hopes of the Canadians as the dis-

covery of the route by the Indies to the Cape
lighted on the old prosperity of Venice. Of all

the marvels of American energy, of all the tri-

umphs of rough and ready engineering, the Pacific

Railway is perhaps the most marvellous and most
triumphant. They say the rails can be laid at the
rate of nine yards in fifteen seconds, and the work-
men have to cross their hands while the 300 or 400
tons of iron are brought up day by day to the
front. The works are carried on in an enemy's
country, and the advanced carriages of the con-
struction train are well supplied with rifles hung
from the roof.

The Central Rail Sysyem.—An experiment
has been made on the road between Roanne

and Charlieu, with a modified kind of mountain
railway; a pair of rails about a mile in length was
laid down by the side of the road, following all its

irregularities, a central rail being added in those
parts where the gradients were unusually steep,

and the engine provided with horizontal wheels,

which nipped this central rail. The report of the
trial is but meager ; but it is asserted that the en-
gine, to which were attached three ballast trucks,

worked admirably, going up and down the inclines

with ease, not only with the aid of the horizontal

wheels, but by means of these alone, the ordinary
driving wheels being thrown out of gear.
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T) ailway Traveling in India.—A correspon-

£\i dent of the Times writing from Umballa says :

" As a striking illustration of the changes being

wrought by railways in India, it may be recorded

that I traveled from Calcutta to Umballa in 41

hours, including stoppages, by the special train

which preceded the Governor-General's, spent 24

hours there, and returned by the ordinary express

train in 52 hours—a distance of 1154 miles, or 2308

both ways. The sleeping carriages enable the

traveler to undertake such a continuous journey

with comparatively little fatigue ; but the dust and

dirt, who shall describe ? The cost, first-class, is

about £12 each way a servant. Dinner at refresh-

ment-rooms, better than those of England, cost 6s.

3d., with a quart of Ind Coope and American ice

ad lib."

Safety Device for Car Axles.—A new device

for preventing serious results from the brakeage

of axles when in motion, has been lately applied

on the Providence and Worcester Railway. When
first applied, it consisted of a wrought iron sleeve

surrounding the axle, and extending from wheel to

wheel, the sleeve being applied in halves, and firmly

clamped together and to the safety-beam of the

truck-frame. Now, in addition to the sleeve, the

rims of the wheels are capped over with strong iron

shields, which are bolted to the safety-beam and to

the frame of the truck at the side, and fore and aft,

so that the wheels and axle are pretty securely

caged.

—

Cor. Railway Times.

Wooden Wheels.—The directors of the New
York and New Haven Railroad have decided

to try an experiment in the use of wooden wheels

on the cars upon their road. Quite a number of

the wooden wheels have been purchased, and they

will be substituted for the present iron ones on

some of the new cars. They are understood to

cost nearly trebble the price of iron wheels, but are

considered quite as cheap in the end. They are

made of elm or teak wood, and bound with steel

tires. In addition to being less liable to break by
the action of frost or otherwise, they make less

noise.

George Hudson, the English "ex-railway king,"

is now in France in an utterly destitute state.

A movement was on foot to induce the North-
Eastern Railway company to grant him an annuity

of £200 a year. Little more than twenty years

ago Mr. Hudson (who had previously been a retail

dry-goods merchant in a small town) was the most
conspicuous man in England, and the titled per-

sonages of the land had often to wait for an
audience with him.

NEW BOOKS.

The Mines of the West—A Report to the
Secretary of the Treasury. By Rossiter

W. Raymond, Ph. D., Commissioner of Mining
Statistics. J. B. Ford & Company, 39 Park Row,
New York.

Congress made a wise move when it appointed
Dr. Raymond Commissioner of Mining Statistics, as
his preliminary report now before us amply proves.
The appointment of scientific experts to positions
of this character cannot he too strongly recommend-
ed, and while Dr. Raymond's predecessor, J. Ross

Browne, did a great work and did it well, still the
work which the present commissioner is required to

carry on could only be thoroughly accomplished by a

scientific man. This will be evident from the letter

of instructions furnished by the Secretary of the

Treasury, of which the following are the principal

points. The most important subjects for inquiry
at present seem to be

—

First. As to the different processes of treating

the ores, their chemical combinations, and the sys-

tem demonstrated by practical experience to be the

most successful.

Second. The relative merits of the various inven-

tion machines and mechanical contrivances now in

use or projected for the reduction of the precious

metals, and for all other purposes connected with
the business of mining and metallurgy.

Third. The special needs of the great mining
interest;- how it can be encouraged and rendered
most productive ; how far individual enterprise

should be left untrammelled by legislative action,

and to what extent and in what instances govern-
ment might properly lend its aid to facilitate the

development of the mines and thus arrest the pre-

sent annual decrease of the production of bullion.

Fourth. What has been the experience of other

countries resulting from the establishment of na-

tional institutions for the education of miners, and
how far would the systems prevailing in Europe be
applicable to our people or appropriate under our
government ?

In view of the great and increasing importance
of our mineral wealth, the weight of the questions

here propounded and their intelligent discussion

will be evident to all.

Mr. Raymond in his reply to the Secretary of the

Treasury, states: "I have not attempted to make
it (my report) comprehensive, at the cost of accu-
racy. It contains my observations and such others

as I have collected from perfectly trustworthy

sources. The report is in two parts, the first con-
taining such observations of the present condition

of our mining industry as I could collect, and the

second discussing at considerable length the sub-

jects involved in the relation of the government to

that industry. The subject of methods and pro-

cesses of mining and reduction I have entirely past -

poned, proposing to treat it in my next report with

more care and thoroughness than would have been
possible in the brief period and with the limited

means at my disposal last year." The report is

well and lucidly written, the style excellent, tech-

nical or obscure terms are avoided. The report is

embellished with profiles taken on the plane of the

view, which will be found to help very materially

in the proper understanding of the subjects dis-

cussed. The bullion product for the past year,

(1888.) is made to be as follows from official returns

and estimates :

California -

Nevada
Montana -

Idaho -

Washington and Oregon
Arizona
New Mexico
Colorado and Wyoming
All other sources -

$22,000,000
14,000,000

15,000,000

7/000,000

4,000,000
500,000
250,000

3,250,000
1,000,000

$67,000,000
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" This is a decrease of $8,000,000 from the pro-

duct of 1867, which showed a falling off of some
§8,000,000 as compared with that of the year be-

fore. Montana, Idaho and Colorado, manifest a

satisfactory improvement ; but there is a decrease

of $5,000,000 from California, and $6,000,000 from
Nevada, the latter being due to the exhaustion of

many of the Comstock ore bodies."
" It is an instructive fact that the greater product

from deep mining is furnished by the same mines
this year as last year and the year before, indicating

that a more general adoption of systematic and eco-

nomical methods would result in greater stability

of production. The yield from placer mining must
be exhibited to decrease, and its place must be sup-

plied by the cement and quartz mines. The causes

of the decrease in our production of bullion may be

enumerated as follows

:

"1. The exhaustion of many surface deposits.
"2. The reaction following upon a period of ex-

cited speculation and the collapse of numerous dis-

honest schemes.
"8. The increasing and novel difficulties attend-

ant upon the management of deep mines and the

reduction of refractory ores.

"4. The lack of communications, capital and
knowledge, such as are required for the creation of

enterprises based on the extraction and reduction

of ores of low grade in large quantity—the only sta-

ble form of mining.
"5. The vexations and ruinous litigation which

waits upon mining on the public dominion, and
which is most troublesome and expensive where
mining is, in other respects, most profitable—thus

operating to destroy those enterprises which have
overcome other difficulties."

" All these may be summed up in one sentence.

Mining has been found in too many instances to be
unprofitable ; and the individuals who have lost

money have retired from business. It ceitainly is

not the duty of the government to give bounties to

bolster up mining industry, if that industry is by
the nature of the case an unprofitable one. Yet it

cannot be denied that the decrease of the product
of gold and silver in this country is a matter which
particularly concerns the government at this time;

and it may well be inquired, whether the causes of

it are remediable. I believe that time will remove
many of them, and that the action of government,
based upon a just appreciation of its relations to

the mining industry, will do away with the rest.

Concerning the extent of our ' mineral resources,'

the half has never been told ; but those resources

are but one factor, which must be joined with labor

and intelligence to make the product wealth. When
the industry of mining in these rich fields is based
upon a foundation of universal law, and shaped by
the hand of educated skill, we may expect it to be-
come a stately and enduring edifice, not a mere tent

pitched to-day and folded to-morrow. This indus-
try has been the pioneer in our far-western territory.

It has founded State, attracted population, enlarged
the boundaries of civilization, and it has done this

great work in a lawless and careless way, without
much regard to the future. I believe that with
the extension of the government surveys over the
public domain, and the reduction of its vast area to

order and law, the consolidation and definite adjust-

ment of the mining interests will become impera-
tively necessary ; and inasmuch as mining out runs
all other activities in our new territories, and needs

more than any other the aid of judicious legislation,

I believe it should receive immediate attention."

We have quoted Mr. Raymond's reply to the Se-
cretary of the Treasury thus extendediy, because

his views are of such a practical character, and so

worthy of the serious consideration of our people.

We feel that our government, so liberal in its legis-

lation in other matters—has not taken hold of this

branch of our material wealth in a manner which
the importance of the subject demands. We find

that the most intelligent portion of our population

does not comprehend the vast latent power—the

power of gold and silver—which lies buried in the

slopes of our great mountain chains of the west.

The one individual fact that the Comstock Lode, of

Nevada, has produced since its discovery in 1860,

one hundred millions of dollars, should be suffi-

cient to show that there is no single branch of in-

dustry in our land more worthy of thorough syste-

matic, scientific development than that of mining.

It is true that mining partakes of the lottery ele-

ment to some extent, for one day the miner " strikes

it rich " and the next day he may be in non-produt-
tive ground, but this is equally true of any business

however judiciously carried on. The curse of the

west has been the formation of vast companies with
bogus capital, and incompetent managers in charge

of the mining operations. Companies made up of

our best eastern capitalists have employed and con-

tinue to employ men as mining superintendents,

who have not the first preliminary qualification

which would fit them for their positions ; these

very business men who are so cautious in the em-
ployment of clerks or bookkeepers in their private

business, exhibit the most remarkable lack of busi-

ness ability in appointment of men to take charge

of so important an undertaking as that of the de-

velopment of a mine or the inauguration of metal-
lurgical processes. We have known mining super-

intendents at the west who had never seen a mine
until theii arrival on the ground, and who did not

know the difference between iron pyrites and native

gold. Is it to be wondered at in view of these facts

that mining operations—as a whole—have not been
successful. At some future time we shall proba-

bly take occasion to discuss this subject of the em-
ployment of competent engineers in this branch of

industry.

Part first of the report is devoted to observations

on the present condition and prospects of the mining
industry.

In his remarks on the New Almaden mines, Mr.
R. says :

" The quicksilver trade of the world is

substantially an armed truce between Spain and
California. The mine of Old Almaden, in Spain,

supplies the market of London and a large part of

Europe, and ships as far west as the city of Mexico.

The New Almaden Co. got control of the Chinese

market by underselling, and supplies of course the

American demand, so that the world is about

equally divided between these two companies. Dur-
ing the year 1868, the New Almaden produced

1,960,236 pounds quicksilver. Accounts of the

principal mines on the great mother lode of Cali-

fornia are given, together with the deep placers of

Nevada county. A valuable chapter on the com-
parative merits of giant powder and common pow-
der. The largest portion of the first part of the re-

port is naturally devoted to Nevada, the mines of

the Comstock being treated considerably in detail.

The White Pine district and its wonderful deposits,
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comes in for a good share of attention. As an ex-

ample we extract a portion of the account of the
" Eberhardt " mine, its name having become almost

synonymous with that of the cave entered by Alad-
din. •• At a depth of twenty or thirty feet from
the surface drifts have been run in all directions

through solid masses of chlorides or other ores of

silver for twenty—fifty feet, and the end is not yet

reached. Descending the shaft we found ourselves

among men breaking down silver by the ton. The
light of our candles disclosed great black sparkling

masses of silver ore on every side. The walls were
silver, the roof over our heads silver, the very dust
which filled our lungs and covered our boots and
clothing was a gray coating of fine silver. From a

chimney in the Eberhardt ground $85,000 worth of

silver was taken in a few days. One of the owners
of the Eberhardt, but recently a poor man, values

his interest at $1,000,000."

Since the above was written many other locations

of equal value are claimed to have been made.
The notes on Montana, Arizona and other terri-

tories are not very extended, having been furnished

to the commissioner by other parties ; these terri-

tories will receive greater attention during the

coming summer.
Part second, on the " Relations of Government

to Mining," is a most important part of the report.

The subject is discussed under the following heads:

Mining and Mining Law among the Ancient.
Mining Law in the middle Ages.
The Spanish Mining Law.
Modern German Codes. The Code of France.

Mining Laws of England and Canada, and finally

mining education, under which head accounts

—

with the course of instruction—are given of the

Freeberg, Berlin, Clausthal and Paris Schools. In

this second part information is given which cannot

readily be obtained elsewhere. M.

chefs d'giuvre of the industrial arts, (by
Philippe Burtt.) Pottery and Porcelain,

Glass, Enamel, Metal, Goldsmith's Work, Jew-
elry and Tapestry. Illustrated. Edited by W.
Chaffers, F. S. A. London: Chapnjan & Hall,

Piccadilly. 1869. Sold by Van Nostrand, N. Y.
Although this is not an engineering book, the

subjects treated are of more than incidental import-

ance to the engineer and the mechanician. There
is much practical information concerning the pro-

cesses and machinery of ornamental construction,

but the charm of the book is thus expressed, at the

close of a long review, in the " Builder "
:

To look carefully over this work brings an im-
pression into the mind exactly like that which
occupies it after a long day spent in the South
Kensington Museum, or in the Louvre, or in the

Vatican. And it also brings a desire to visit

those courts and salles again, to see the lordly

dishes and other triumphal specimens of the great

ceramists, the clever, dainty, cunning enamels, the

bronze and iron work of departed centuries, the
sumptuous goldsmith's work and sparkling jewelry,

wifh the new lights its perusal has conferred.

The History and Progress of the Electric
Telegraph, with Descriptions of some of

the Apparatus. By Robert Sabine, C. E. Sec-
ond edition, with additions. London .- Virtue &
Co. 1869. Sold by Van Nostrand, N. Y.
The following are the principal points in this

work—early observations upon electrical phenom-

ena, telegraphs by frictional and voltaic electricity,

and by electro-magnetism and magneto-electricity.

An excellent and most useful description is given
of the various telegraphs now in use. Treating of
construction, we find a large amount of information
on overhead and submarine and underground lines;

and the final chapter is given to atmospheric elec-

tricity. We feel sure that this edition, containing

so much and such useful matter to the practical

telegraphist, will be welcomed by all engaged in the
profession as a most useful addition to their tele-

graphic library.

—

Mechanics' Magazine.

Handbuch fur specielle Eisenbahn-Technik,
etc Von E. Heusinger von Waldegg. En-

gleman, Leipzig, 1869. 8 vo., illustrated.

The first part of this work, which is promised to

be completed in four parts, has appeared, and it is

probable that it will prove the most complete and
encyclopaedic work upon every branch of railway

construction and plant, bringing down the subject

to the existing date, that has yet appeared. This first

part commences with an able sketch (not every-

where absolutely free from slight errors) by Von
Weber, Director of State Railways at Dresden, of

the rise, progress, and history of railways. The
remainder treats of the substructure of the way
(without dealing with bridges, viaducts, etc.), of

the table, ballasting, permanent way, fastenings, etc.,

of which copious details of all the many varieties

on the German, American, and other lines are

given ; and with the manufacture, verification,

choice, etc., etc., of rails, including the Bessemer
manufacture of steel rails. There is a chapter of

some interest upon the theoretic principles of the

resistance of rails laid into way. One excellent

feature of this really fine work, which is well illus-

trated both with engraved plates and by woodcuts
in the text, is a very complete bibliography and re-

ference, at the end of each chapter, to all publish-

ed papers upon its particular subject. These lists

are chiefly of German works, but also contain those

in most of the other European languages. The
book is wonderfully cheap, considering its illustra-

tions. We cannot say we have met with anything
perfectly new to us in this first part.

—

Practical
Mechanic's Journal.

Appleby's Illustrated Handbook of Machin-
ery and Iron-work. By Appleby Brothers.

E. and F. N. Spon, 48, Charing-cross.

We have here a handsomely published volume of

some 450 pages, which endeavors to appear as

little like a catalogue as possible, but with very in-

different success. As a general catalogue it is ad-

mirable, containing, as it does, between three and
four hundred wood engravings, and the prices of at

least two thousand machines and miscellaneous

articles. The first section is devoted to drawings

and prices of steam cranes, travelers, winches, and
steam-hoisting machinery ; the second to engines,

boilers, turbines, and dredgers ; the third to steam
and hand pumps, hydraulic machinery, motors, and
fittings ; the fourth to contractors' plant, the fifth

to machine tools, and the sixth principally to agri-

cultural implements. Added is a small collection

of tables, memoranda, and information for engineers,

possessing no great merit, and open to considerable

improvement. But, as a price-book of general

machinery, Appleby's handbook is more complete

than any which has yet been brought under our

notice.

—

Engineering.
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TPhe Elasticity, Extensibility, and Tensile
J- Strength of Iron and Steel. By Knut
Styffe, Director of the Royal Technological.Insti-

tute at Stockholm. Translated from the Swedish.

With an Original Appendix hy Christer P. Sand-
berg, Assoc. I.C.E. With a Preface by Johs
Percy, M. D., F. R. S. John Murray: London.
1869. For sale hy D. Van Nostrand, 23 Murray
street, New York.

This work is attracting great attention among
iron and steel makers and constructors. It is re-

viewed and quoted at great length by " Engineer-

ing," " The Engineer," and other authorities. It

contains the result of a series of experiments con-

ducted by a committee appointed by the King of

Sweden, with the view of examining railway plant

of home manufacture, and of determining the fit-

ness of Swedish iron for such materials. The ex-

periments were spread over several years, and had
reference to the elasticity, " extensibility," and ab-

solute strength of different varieties of iron and

steel. The tests were carried out under the direc-

tion of Professor Knut Styffe, director of the Royal
Technological Institute at Stockholm, a gentleman

whose lifelong trainiug in experimental science emi-

nently qualifies him for the task he has undertaken.

It is no small recommendation of the author which
Dr. Percy gives in his preface to the work :

" From
the high position which I know he occupies in the

estimation of scientific men in Sweden, perfect con-

fidence may be placed in the accuracy of his re-

sults, though his conclusions may not in every case

he accepted." The volume contains a large amount
of information, carefully collected from trustworthy

experiments; it is illustrated with numerous, al-

though not very artistic, working drawings. An
eminent authority on such matters—viz., Mr. Fair-

bairn, writes: "I have great pleasure in bearing

my testimony to the scientific and practical value of

your translation of this important work, and, look-

ing to the innumerable uses to which this material

is applied, I have no hesitation in recommending it

to the perusal of the architectural and engineering

public." The author divides his book into four

chapters, the first treating of experiments on ten-

sion at ordinary temperatures; the second, of the

application of the results of these investigations to

the determination of the relative values of steel

and iron, and of the different varieties of these ma-
terials, for different purposes; the third, of experi-

ments on tension at high and low temperatures ; and
the fourth, of experiments on flexion at different

degrees of temperature. To these chapters aie

added various tables and plates, and also a valuable

appendix hy Mr. Sandberg.
The work, however, useful as it is in many par-

ticulars, is severely criticized- " The Engineer "

pronounces it impractical and obscure, although
painfully precise. Many of the considerations are

quite new to iron workers in this country, at least,

and will be farther referred to.

Disinfectants and Disinfection. By Robert
Angus Smith, Ph. D., F. R. S., F. C. S. Edin-

burgh : Edmonston and Douglas, 1869. For sale

by Van Nostrand, New York.
By common consent, Dr. Angus Smith has he-

come the first authority in Europe on the subjoot of

disinfectants. To this subject he has devoted a

1 irge portion of his scientific life ; and now, in a
compact volume of only 138 pages, he has condensed
the result of twenty years of patient study. We

cannot too much commend the plan and exe .ution

of this inquiry. Almost every page contains evi-

dence of exhaustive, laborious research, guided in

its course by the clearest judgment. We seek in

vain for some weak point to give us occasion to air

our critical acumen. Our duty, therefore, must be

confined mainly to giving extracts—criticism being

out of the question—for no man living is competent
to criticise Dr. Angus Smith on disinfection but Dr.

Angus Smith himself

—

Chemical News.

The Milling Journal and Corn Exchange Re-
view. New York: J. D. Nolan & Co. Pub-

lishers, 95 Liberty.

The number of American journals devoted to

special subjects is receiving constant additions. We
have just received a copy of a new monthly journal

devoted to the subject which its title, given above,

indicates. The milling businees is one of vast mag-
nitude in this country ; and we should think there

is a tine opening for a paper treating of it. The
copy before us gives fair promise of success.

The above notice is from the "American Arti-

zan; " we can fully indorse it, and we may add that

the new journal has more practical information than
most of the journals among us, that treat of special

features of science and mechanics. Milling is a

subject of sufficient scope and importance to require

quite as good a special organ as for instance tele-

graphy and gas lighting, and this demand is likely

to be supplied, if the mill managers and mechani-
cians especially interested do their part. They will

be the losers if such a journal is not properly

encouraged.

The American Miller and Millwright's As-
sistant. By W. C. Hughes. Price $1.50 post

paid. Same publisher.

This is another extremely useful work on milling,

and will be found a most acceptable compendium
for references. It embodies the best information

derived from the author's personal knowledge and
practical experience. Few intelligent millers, we
are persuaded, will long remain without it. It is a
plain, practical treatise, written in a style which
will be easily understood, and cannot fail to be of

incalculable value to apprentices, and others, who
have a desire to perfect themselves in every branch
of milling.

—

Milling Journal.

THE American Year Book and National Reg-
ister for 1869. Edited by David N. Camp.

Hartford : Pubiished by 0. D. Case & Co.
This work is the initial volume of a proposed

annual publication, respecting the affairs of the
General and State Government, public institutions,

finances, resources and trade of this country; the po-
litical, financial and social conditions of other coun-
tries ; and various other subjects relating to social

and political economy. The work is a thick 8vo.,

printed and bound in excellent style; and seems a
valuable work of reference.

r|'HE Phenomena and Laws of Heat. By
I Achille Cazin. Translated and Edited by
Elihu Rich. pp. x., 265. New York ; Charles

Saribner & Co.

We have here an additional volume in the series

of popular works on the wonders of science, which
Scribner & Co. have recently introduced into this

oountry. It is written in a style entirely intelligi-

ble, even to persons without scientific training, and
the numerous illustrations add greatly to the iuter*

est of the text.
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Law of Patents foe Inventions; with Explan-
atoby Notes on the Law as to the Peotec-

tion of Designs and Teade-Maeks. By F. W.
Campin. London : Virtue & Co. 1869.

This book is highly recommended, and reviewed
at length in "Engineering," which authority says :

" Mr. Campin's book throws a clear light upon the
subjects of patents and patent law in all its stages,
and is illustrated by a host of the most pertinent
cases."

Although the details of proceedings in the British
Patent-Office are of limited importance to others
than professional solicitors of patents in this coun-
try, the elucidation of British patent law is valuable
to all men, here as well as in England, whose claims
are or are likely to be involved. British precedents
are as much relied on in our courts as at home.

MISCELLANEOUS.
ENGLISH AND FRENCH MEASURES.

From "The Engineer."

Lengths—Longueurs.

1 inch = 0.0254 metres
1 foot = 0.3048 metres
1 yard = 0.9144 metres
1 chain = 20.1160 metres
1 mile = 1609.315 metres

1 millimetre = 0.394 in.

1 centimetre = 0.3937 in.

1 metre = 3.281 ft. = 3 ft. 3§ in.

10 metres = 32.809 ft. = 10.936 yds.

1 hectometre = 100 metres = 328.090 ft. ==

109.363 yds. = 4.971 chains
1 kilometre = 3280.90 ft. = 1093.63 yds. =

49.71 chains = 0.621 miles
1 knot = 6082.66 ft. = 1.152 miles =

1853.931 metres
£1 per mile = 15.525f. per kilometre
lOOf. per kilometre = £6.437 per mile.
If. per metre = 8.778d. per yd. = 2.926d. per ft.

Is. per yard = 1.3671". per metre
Is. per foot = 4.101f. per metre
1 kilometre = 0.539 knots

Areas—Superficies.

1 square inch = 6.4513 c!ma

1 square foot == 0.0929 m, a

1 square yard = 0.8361 m, 3

1 rod = 25.2919 nij
2

1 acre == 0.4047 hectare
1 mm[5 = 0.00155 square inches

1 c,nr = 0.1550 square inches

1 ml a = 1.1960 sq. yds. = 10,7643 sq. ft.

1 are = 100 ro;
3 = 0.0247 acres

1 hectare = 10,000 m] 2 — 2.4711 acres

Is. per square foot = 13.455f. per m| 8

Is. per square yard = 1.495f. per ni|
3

If. per m, s = 8.0266d. per square yard
£1 per acre = 61.778f. per hectare
lOOf. per hectare = £1 .6188 per acre

lOOf. per are ~ £0.0162 per acre

Measures of Capacity, Dry and Liquid~~Mesures
de Capatite pour les Liquides et les Grains.

1 pint s== 0.5679 litres

1 quart = 1.1359 litres

1 gallon = 4.5435 lities

1 peck — 9.0869 litres

1 bushel e= 36.3477 litres

sack = 1.0904 hectolitre = 109.0430 litres.

quarter = 2.9078 hectolitres

chaldron= 13.0852 hectolitres

litre = 1.7608 pint

decalitre = 2.201 gallons

hectolitre = 22.010 gallons

s. per gallon = 0.2751f. per litre

f. per litre = 43.618d. per gallon

Volumes.

cubic inch = 16.3870 cm 3

cubic foot = 0.0283 m| 3 = 28 litres

cubic yard = 0.7645 mj 3 = 765 litres nearly
c|m3 == 0.061 cubic inches
d|m3 = 1 litre = 0.0353 = 61.028 cub. in.

m 3 = 1.3079 cubic yds. = 35.322 cub. ft.

m 3 of distilled water (eau distillee) = 1 tonneau
de mer, weighing 1000 kilogrammes

s. per cubic foot = 44.1501. per m| s

s. per cubic yard = 1.6349f. per mi
3

f. per m| 3 = 7.339d. per cubic yard = 0.272d. per
cubic foot

Power—Force-
(Horse-Power, H. P.—Force en Chevaux.)

1 H. P. is the force that will raise 33,000 lb. to
a height of 1 foot in 1 minute.

1 cheval-vapeur Sieve 33,000 lb. a 1 pied de haut-
eur en 1 minute; ou
75 kilogrammes a 1 metre en 1 seconde.

1 kilogrammetre is the force that will raise 1 kilo-

gramme to a height of 1 metre
1 H. P. = 75 kilogrammetres per seconde
1 Dynamic = 1000 kilogrammetres

Pressures—Pressions.

1 lb. per square inch = 0.0703 kilos per c|m5

1 kilo per centimetre = 14.229 lb. per sq. inch.

1.033 kilo per centimetre = 14.73 lb. per sq. inch
= 1 atmosphere

Railway Earthworks— Terrassements.

1000 cubic yards per mile = 474.755 m| 3 per
kilometre

1000 m| !
per kilometre = 2104.823 cubic yards

per mile

Rails.

1 lb. per yard run = 0.4958 kilos per metre
1 kilogramme per metre = 2.0168 lb. per yard =

0.6723 lb. per foot

A Model Establishment.—It is a remarkable
fact that Mr. Krupp—in business for forty

years, and with not less than 10,000 men for some
years in his employment—has never had a dispute

with a workman; a fact, doubtless, ascribable in a
great measure to the admirable institutions and
regulations for the benefit of the workmen. By one
of the provisions of the establishment, every work*
man becomes entitled, after twenty years' work, to

a retiring annual pension of half his last year's sal-

ary, and after thirty-five years he may retire on
full pay. Such regulations, however effective they
may be, do not appear to explain the extraordinary

concord and order perpetually maintained in this

enormous establishment. From 1,000 to 1,400 men
are frequently engaged at one operation, such as

casting an ingot. They work as one man, and the

same harmony and regimental order prevails

throughout. It is, doubtless, traceable, in part, to

the military training which every Prussian receives.

—Fortnightly Review.
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A New Movement.—Apropos of the article on
another page, relative to the perfecting of ex-

isting American Scientific Schools, we are happy to

learn that the alumni of the Rensselaer Polytechnic
Institute, at Troy, propose to assemble at that place

on the 22d and 23d of June next, for the purpose
of forming themselves into a permanent association;

partly, no doubt, for the purpose of inquiring into,

and intelligently representing throughout the land,

the interests of that Institution, which, in certain

respects, have long been strangely and lamentably
neglected. "We hail this movement with great plea-

sure from every point of view. It is, we believe,

the first one of its kind in the country; that is, the
first made by the graduates of any of our Technical
Schools. It will rally to the support of an old and
honored institution the affections and counsels of an
able body of graduates, and will naturally stimulate

effectual inquiry into its wants, and the reasons why
they have been so long unsupplied, and the best

means of meeting them. It will naturally still fur-

ther attract the friendly attention of the whole en-
gineering profession throughout the land to an In-

stitution which, amid many discouragements, has
striven indefatigably to honor that profession by rais-

ing the standard of entrance upon it. It will thence
properly cause the Institute to be more widely
knoAvn and appreciated by the general public. We
have seen the circular, calling the meeting, which
is sent to every accessible graduate, and take plea-

sure in here giving publicity to the proposed move-
ment, in order that all concerned may be the more
sure to be advised of it, and may be the more cer-

tain to attend.

The Dust of Cities and the Health of Men.—
A microscopist (Mr. Dancer, F. K. A. S.) has,

says the " Daily News," been examining the dust
of our cities. The results are not pleasing. In
every specimen examined by Mr. Dancer, animal,
life was abundant. But the amount of " molecular
activity " is variable according to the height at

which the dust is collected. And of all heights
which these molecular wretches could select for the
display of their activity, the height of five feet has
been found to be the favorite. Just at the average
height of the foot-passenger's mouth these moving
organisms are always waiting to be devoured and to

make make us ill.. A large proportion of vegeta-
ble matter also disports itself in the light dust of
our streets. Mr. Dancer's observations show that
in thoroughfares where there is much traffic a large

proportion of this vegetable matter thus Moating
about consists of what has passed through the
stomachs of animals, or has suffered decomposition
in some way or other. This unpleasing matter,
like the " molecular activily," floats at a height of
five feet, or thereabouts. These observations tend
to a recognition of the manner in which some dis-

eases propagate themselves, and the lesson to be
deduced is that the watering cart should be regard-
ed as one of the most important of our hygienic
institutions. Supplemented by careful scavengering
it might be effective in dispossessing many a terri-

ble malady which now holds sway from time to time
over our towns.

Screw vs. Paddle.-—The splendid Cunard pad-
dle steamer Persia has been sold for £15,000.

Meanwhile no paddle steamers are building for the
Atlantic lines. The Pacific Mail still sticks to pad-
dles.

]^he Channel Bridge.—It appears from the

. French papers that a proposal has been made to

M. Boutet, the projector of this enterprise, to un-
dertake the connection of the town of St. Malo
with the French coast by a causeway or viaduct,

constructed on his system, and that the Anglo-
French Channel Bridge Company are about to un-
dertake this work. The town of St. Malo stands

upon an island, distant from the mainland, with
which, however, it is in some measure connected by
a causeway, usually covered by the sea. A road
raised upon a bridge such as M. Boutet has pro-

posed for crossing the Channel, would, therefore, be

a great advantage to such a locality, and it would
afford the company an excellent oppoitunity of

demonstrating the feasibility of M. Boutet's mode
of construction, which, indeed, seems to be pretty

well acknowledged in Paris. The proposition forms
the subject of a very elaborate criticism in the

February number of " Le Genie Industriel," a

valuable and influential French work, which has been

long devoted to the examination of leading scientific

works. The writer of the article in question, M.
Fieort, demonstrates the theoretic soundness of the

principles on which M. Boutet relies.

—

Mining
Journal.

The new P. & 0. Steamship " Deccan."—This

vessel is the latest addition to the Peninsular

and Oriental Company's fleet. Her dimensions are

as follows : Length between perpendiculars 345
feet ; breadth of beam 42 feet ; depth of hold 30|
feet ; builder's measurement 3,001 tons

;
gross

tonnage, 3,128. Her engines are of 600 nominal

horse-power (indicating 2,730 during her trial) ;

diameter of cylinders 76 inches, and length of

stroke 4 feet ; and has a four-bladed propeller 18

feet 10 inches in diameter, with a pitch of 27-§ to

30^ feet, and weighing 12{ tons. Two runs at the

measured mile showed the following results :

—

Steam, 25 pounds ; vacuum, 28 inches ; revolu-

tions, 52 ; the true mean speed being 13.733 knots

per hour, with a mean draught of 18 feet 8^ inches.

The heating surface of the boilers is 12,504 square

feet, fire-grate surface 420 square feet, and con-

densing surface 5,864 square feet.

Drying Green Wood..—A new method for dry-

ing green wood in a very short time, says the
" Builder," consists in boiling it for some hours in

water aud leaving it then to cool, by which the

soluble substances are removed. It is then boiled

in an aqueous solution of borax, by which the in-

soluble albumen of the wood is rendered soluble,

and escapes from the pores. The wood is then

placed in drying-chambers, heated by steam, and
allowed to remain three days.

American Institute.—The vacancy in the Facul-

ty of the American Institute, caused some three

years since by the death of Prof, James J. Mapes,
has been filled by the appointment of James A.
Whitney, associate editor of the ." American Arti-

san," as Professor of Agricultural Chemistry.

Technical Education.—The English. Govern-

ment have decided not to establish schools of

technical education throughout the country, as the

expense would bo enormous. They have- resolved*

however, to give liberal support to local efforti

made for this purpose.
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rpiiE French Atlantic Cable will be laid in

T June. Its length will be 3,56-4 nautical miles,

from Cape Ushant, a few miles from Brest, via the

French Island of St. Pierre (near Placentia Bay,
Newfoundland), to Cape Cod, landing at Plymouth,
Massachusetts. The cable Mill be an improvement
in every respect, upon that of 18(35-6. It will

weigh 400 instead of 300 pounds to the mile. The
London Times says :

" the standard of the manu-
factured value of a cable is judged by what are

called its units of resistance to the passage of the

electric current through the conductor, and the

more perfect the insulation the greater that resis-

tance will be. This resistance, measured by the

galvanometer, is counted by millions of units.

The Indian Government insisted on the Persian
Gulf cable having a resistance of 50,000,000 of

units. The standard of the Atlantic cable of 1865
was raised to 100,000 units. In the cable of 1866
the standard was raised to 150,000,000 units,

and in this French cable the contract standard
is 250,000,000 units of resistance and no less

;

and in this high electrical condition it will be laid.

After it is laid every day will improve its insulation.

Thus the two Atlantic cables have gained so much
in insulation since they left the factory that often

during last year, it is said, they gave a resistance

as high as 4,000,000 units."

Granite Paving v. Macadam.—The question of

the relative durability and safety of these two
methods of covering metropolitan streets and roads
has undergone much discussion lately by the various

vestries, and as it is beginning to be discovered that

paving is cheaper in the long run, it is likely that a

great deal of paviors' work will be done in the

metropolis within the next two years. The ad-

vocates of granite cubing seem to be in a majority

everywhere, and financial difficulties only stop the

way in most cases. The employers of horse power
throughout the metropolis prefer paved roads, and
no wonder when in the course of the year so much
rough unconsolidated broken granite has to be
traversed by them,, to the injury of the animals,

and to the detriment of springs and wheels. Those
who object to paved streets on account of the in-

creased noise of the traffic have, to a great extent,

to thank the barbarity of modern road making for

the development of the present movement in favor

of paved roads. The adoption of the steam road
roller would not only have been an act of humanity
towards our horses, but it would have enabled
macadamised roads to be kept in constant repair at

a far less cost than by the present slovenly method.—Building News.

Steam-engines and Machinery.—The returns

as to the exports of machinery and steam-engines
from the United Kingdom for the first 11 months
of last year are sufficient to enable us to form a

pretty good estimate as to the year's business, "We
sent last year fewer steam-engines to France, Egypt,
British India, and Australia. Russia, however,
came to the rescue, and took our steam-engines to

the value of £200,537 in the 11 months ending
Nov. 30 last year, as compared with £66,522 in the

corresponding 11 months of 1867. The falling off

in the demand for railway engines in British India
rather seriously prejudiced the general result of
last year'* operations 5 to Nov. 30 however, we
sent abroad steam-engines to the value of £1,598,-

705; as compared £1
;
S29

;
578 in the corresponding

eleven months of 1867, and £1,611,442 in the cor-

responding 11 months of 1866. In the year 1858
we only exported steam-engines to the value of

£1,097,278, so that the general course of this branch
of our exports is onwards. The exports of general

machinery showed very little variation, upon the

whole, last year, but the case would have been
otherwise but for the augmented demaud from
Russia.

Enameling of Iron Vessels.—The enameling of

saucepans and other articles in wrought or cast

iron has long been practiced, a very fusible enamel
reduced to powder being sprinkled ovey the surface
of the iron when heated to redness ; but as the
mixtures employed consist of highly alkaline sili-

cates, the enamel is not very durable, and will not
withstand acids or even salt liquids. An improved
process has been introduced in France. The metallic
surface is brought in contact with the ingredients of
ordinary white glass, and heated to vitrification ;

the iron is said to to oxidize by combination with
silicic acid, and the glass thus forms one compact
body with the metal. The coating of enamel may
be laid on as thinly or as thickly as desired, but a
thin coating is better as regards the effect of ex-
pansion or dilatation. Experiments are being made
in coating the armor plates for ships in the manner
above indicated.

—

Scientific American.

Architectural Library.—The New York chap-
ter of the American Institute of Architects

propose to establish in New York a library of works
on architecture and the cognate arts for the benefit

of students, not of architecture only, but of those

branches known as industrial designing. The ex-

cellent tendency of such an enterprise is obvious.

The more our architects know, the better and more
economical will our buildings be. The members of
the Chapter have already begun a subscription, and
those who are interested should apply to Alfred J.

Bloor, Secretary, 42 East Fourteenth Street, New
York.

—

Harper's Magazine.

Education —A. Convention of American Philo-

logists will meet at Poughkeepsie on the 27th

of next July, to consider some very practical ques-

tions, as, How much time in college should be given

to the study of language ? How much to modern
languages ? What is the best method of instruc-

tion in the classical language ? What position

should be given to the study of the English lan-

guage in colleges and high-schools? The call is

signed by many of the most noted instructors and
scholars in the country, and the meeting will un-

doubtedly be both interesting and serviceable.

—

Harper's Magazine.

Great Art Prize in France.—In the month of

August is to take place the first award of the

great prize of 100,000f. instituted by the Emperor
Napoleon III. to be voted by the Academy of the

Beaux Arts and the Institute of France to the

French artist, painter, sculptor, or architect who
shall have produced, and entirely completed within

the five years preceding the time of the award, a

work of great excellence. The jury is to consist of

thirty members —- ten soulptors, ten painters, and

ten architects. In case any of the members of this

jury should become candidates for the prize, they

will retire from it, and their places will be filled up

by the Academy.

—

Building News.
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RELATIONS OF SAFE LOADS TO ULTIMATE
STRENGTH.

By Lieut. C. E. Dtjtton.

(Continued from page 501.)

A comprehensive series of experiments,

united with exhaustive theoretical investi-

gation into the relation of safe loads to ul-

timate strength is greatly needed. Not
merely are there wide differences in the

practice of the most accomplished engineers

in this respect, but even the fundamental

principles upon which the various practices

are founded seem to be arbitrary rather than

rational. In England, where experiences

have been wider, and where the economical

aspects, certainly, of engineering have been

more assiduously cultivated, the arbitrary

character of practice is a marked feature.

Thus, the Board of Trade regulations pre-

scribe that the working load shall never

subject any part of an iron structure to more
than five tons of tensile strain per sq. inch.

It is obvious that the nearness of this stand-

ard to the highest economy will depend, in

a great measure, upon several considera-

tions, either one of which may modify ex-

tensively its value. First, the resistance of

wrought iron to crushing is less than to ex-

tension, whether we take its ultimate resist-

ance or its moduli of elasticity. The ratio

of these two resistances may be stated at f-,

so that if five tons per square inch are just

a safe load for tensile strains, they are un-
safe for compressive strains ; and since, in

girders of a symmetrical cross section, these

Vol. T.—No. 7.-39.

two strains are equal, the fallacy of such a

standard becomes apparent. Secondly, the

qualities of different grades of iron differ

widely both in respect of tensile strength

and homogeneity ; and, it may be added, in

the ratio of tensile to compressive resist-

ance—circumstances whose modifying effect

is too plain to need comment. Thirdly, the

details and kind of structure may be such

that vital parts may be exposed to strains

more complicated than simple tensile or

compressive stress, the exact nature of

which may not be fully ascertained nor con-

templated in such an estimate of strength.

Other considerations may also be suggest-

ed, which show, in the aggregate, that no

such arbitrary standard can insure the high-

est economy of strength consistent with per-

fect safety. The wide differences of opinion

on this subject may be illustrated by stating

that when, a few years ago, it was made a

subject of special inquiry by Parliament,

Mr. Grlynn, in his evidence, recommended
that a cast iron bridge should never be load-

ed beyond one-tenth of its ultimate strength.

Mr. Stephenson and other accomplished

builders recommended one-sixth, and Mr.
Brunei thought one-third, or even two-fifths,

a safe margin. Perhaps there is less, much
less, difference in the practice of to-day than

in that of twenty years ago ; the various

factors of safety ranging, generally, between
one-fourth and one-sixth. But even here it

may be fairly asked, how much of this ap-

proach to uniformity is merely arbitrary,

and how much is founded upon sound theory

and carefully considered practical and expe-

rimental results. Probably a great deal of

the former, and very little of the latter.
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With the increased knowledge now pos-

sessed of the nature and properties of iron,

and its behavior under loads, it would seem

that a series of experiments might be insti-

tuted with a fair prospect of most valuable

results. In the smaller structures, which

are thrown up daily in our cities and over

streams, the matter may not possess such

vital importance, though even here the fre-

quent failures recorded call loudly for re-

form.

But the tendency of to-day is towards

structures which, a few years ago, would
have been thought as romantic as air castles,

and in these economy possesses a vital im-

portance ; indeed, may frequently constitute

just the difference between the practicable

and the impracticable. With every increase

of size the weight of a structure bears a

larger ratio to its strength, so that, with
given proportions of members, it is easy to

calculate the limit at which the whole avail-

able strength of it is employed in sustaining

its own weight. It is clear, then, that every
new acquisition of knowledge which will en-

able us to determine, with tolerable certain-

ty, the smallest margin of safety, amounts
to an extension of the limits of practicabil-

ity, and to a decided facility in constructions

within those limits. We hope to indicate

the directions in which theoretical and ex-

perimental research may become useful, and
the facts which may be made the basis of

investigation.

1. The behavior of materials, particularly

of iron and steel, under those strains which
can be produced experimentally, should be

especially and primarily noticed. It seems
to us that the use of the ultimate strength

of iron, as a standard of reference in deter-

mining its available strength, is bad in prin-

ciple. Ultimate strength, in its general ac-

ceptation, means the resistance of a standard
bar or rod of the material to rupture by
forces applied to it when new, and applied,

too, during a very brief portion of time,

possibly only once. The testing machines
usually employed exert their power upon
bars of metal fresh from the forge, andreni
them by a single effort in a few seconds or

minutes. There is, in all'this, nothing ana-

logous to rupture produced by protracted

wear and tear. We must consider, not

merely the well known fact that materials

change their molecular structure by time,

and the long continued and repeated appli-

cations of forces, but that the amount and
kind of change so effected, and the exact

results upon its strength are quite un-
kuown.

2. Still more pertinent to the case is the

fact that the ultimate strength is of little

consequence, because no structure must be
subject to strains beyond the limits of elas-

ticity. The force under which marked and
permanent changes take place in the forms
or dimensions of the materials used is neces-

sarily without the limit of safety, for our

knowledge of materials assures us that in

such a case rupture is merely a matter of

time. This lower limit, then, is the only

one which practically bears upon the case,

and its relation to the higher one of ultimate

strength is by no means understood. It is

even doubtful whether any definite relation

exists at all.

Experiments upon the ultimate tensile

strength of materials have been numerous
and almost exhaustive. Nearly every book
treating of materials contains tolerably com-
plete tables, both of tensile, compressive

and transverse strength, determined experi-

mentally. What is far more essential is a

reliable table of strains at which these same
materials begin to elongate, or collapse into

permanent set. To deduce these strains

from the ultimate strength is impossible, as

the following examples, found in Barlow,
will show. The experiments were made by
Mr. Brunei.

weight,

sq.

in.
-^ A

O 0J
c ft

-2 «^ ft
to <o
a ft

6

(3 cc

bD ©
M 2
CO o

A* 6
eS a
&c o

J4 °3

« 5
a> ©

1 21. 29.8 1 28.12 36.12
2 24. 32. 2 27.4 36.4

3 defective 3 24.16 32.16

4 22. 34.19 4 27.16 33.10
5 20. 34.6 5 22.15 31.14
6 20. 28.2 6 25.18 31.15

7 23.2 28.2 7 22.3 31.9

8 24. 31.6 8 21.9 29.6

9 26.9 32.11 9 23.9 31.7

10 23.1 28.12 10 21.9 30.7

Mean, 22.2 30.4 .... 24.44 32.3

The iron used was the best Yorkshire,

hammered in rods §'/ and J" square.

We must here lay down, as well as we are

able, what we understand by the limit of

elasticity in any particular case. In the

preceding table the specimens ostensibly be-

gin to change their forms and dimensions
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under a stress somewhere near three-fourths

the breaking stress. But it is well kuown
that both wrought and cast iron take perma-

nent set at far lower stresses. Indeed, it is

asserted by some eminent authorities that

any application of force, however slight,

will produce permanent change in iron,

though the change may be so small as to

escape detection by the most delicate mea-
surements. Allowing this to be true (for

there is no intrinsic improbability in it, al-

though it has no practical importance) is

there any essential difference between the

set produced by the application of twenty

tons per inch, and that by the application of

one ton, excepting the difference in degree

;

in other words, is there any essential differ-

ence in the nature of the changes produced

by the two cases in the molecular arrange-

ment of the material ? We venture to sug-

gest that there is an essential difference. It

is well established, by many experiments,

that iron stretched by weights not exceed-

ing, say, one-third the ultimate strength,

resumes nearly its original dimensions; but

not exactly. The difference is called the

set. We are left to infer that this difference

is the result of certain molecular changes,

but can only surmise their character. Some
light may be thrown upon the subject by
connecting together the following facts. All

varieties of iron consist of agglomeration of

minute crystals, octahedral in their funda-

mental forms, but in most cases also fibrous

or minutely acicular, both in cast or wrought
iron. The major axes of these crystals have

a tendency towards parallelism; i. e.,, the

axes of a considerable portion of the crystals

are parallel, or approximately so. In
wrought iron this tendency towards, or ac-

tual, parallelism is produced by the ductile

action of rolling or hammering, compelling
the molecules to slide over each other in one
direction, during which process they most
readily assume the acicular or fibrous struc-

ture. In cast iron, also, a definite arrange-

ment takes place in parallel facets, by rea-

son of the escape of heat in particular

directions (i. e., in lines normal to the near-

est surface of the mass) in passing from the

fluid to the solid state. It is not essential

to the fibrous condition that all, or nearly
all, the crystals should be parallel, but that

a considerable portion of them should be so,

sufficiently to indicate a tendency to paral-

lelism in a particular direction in preference
to any other.

In the case of wrought iron, when the

peculiar action of rolling and hammering is

considered, it is more than probable that

some of the fibers are left in a state of ini-

tial tension, and others in a state of initial

compression. Under such conditions the

application of even a slight degree of force

may be sufficient to produce molecular
change at points where such tensions exist.

In the case of tensile stress, the limit of co-

hesion between two contiguous atoms may
thus be exceeded, and a redistribution of

atoms will be most likely to take place by
the sliding of other atoms into the interval

produced, so that when the stress is removed
the tendency to a perfect restoration is re-

sisted at this particular point. In the case

of compressive stress, the atoms at points of

initial compression may be thrust out of

their original situations, and contact effected

between atoms which were before separate.

and the tendency to restoration after the

removal of the stress no longer exists at

these points. If we suppose, as is most
natural, that these initial forces are of all

degrees of intensity between zero and the

limit of elasticity, we have here the expla-

nation of the phenomena of permanent set.

The effects just described will be approxi-

mately proportional to the forces applied.

And so we find it very nearly in practice.

There are, it is true, departures from the

ratio, but not greater than might be expect-

ed from the imperfect homogeneity of the

metal.

A single application of stress producing a

perceptible set, and, according to the views

just expressed, occasioning a molecular

change in the metal, need not sensibly im-

pair the strength of the iron, for the rear-

rangement of the atoms may be, and in most
instances probably is, as favorable for further

resistance as the original one, if not more so.

Many repetitions of the stress, however, or

the constant action of vibrations during a

continuous stress, may produce arrangements

less favorable. The tendency to assume the

form of large specular crystals seems to be

very decided under such conditions, at least,

if the strain be tensile. The whole mass
being elongated, and the intermolecular

spaces being increased, there is afforded, as

it were, a sort of facility to the atoms to

obey those laws of crystallization inherent

in the constitution of all solid matter. Ob-
servation and experiment confirm this view.

If there is any measure of truth in the

foregoing speculations, it follows that there

is a limit of stress at which the cohesive power
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of every portion will be exceeded, and a

general change in the structure of the mass

will supervene. If the constitution of the

material is such that the atoms can rearrange

themselves readily, the material will behave

like a tougih, pasty mass, elongating con-

siderably, dminishing in size laterally. If

it is strongly crystalline, and the atoms re-

fuse to rearrange themselves, rupture is im-

mediate. The former is the case with good

wrought iron, and the latter with cast iron.

Inasimilar connection Mr. Zerah Colburn

remarks, "It would be interesting to know
the successive positions of the atoms during

the application of the strain. We are, how-

ever, without any positive knowledge of the

positions which the atoms assume in solidifi-

cation, and under subsequent forging ; but

the multifarious forms in which all atoms

visibly crystallize serve to show us that they

cannot all be at equal distances from each

other throughout the whole body. If they

were, the arrangement would be that of can-

non balls in a triangular pyramidal (or pris-

matic) pile. Could we visibly represent the

atoms as occupying the angles of an infinite

number of equilateral triangles we should

understand that a linear strain, acting to

separate any two of the atoms, would, at the

same time, draw a third atom, if not a num-
ber of atoms, partly between them. And
when, from this intrusion, the repulsive force,

always enveloping the intruding atom, had
once overpowered the attractive or cohesive

force existing between the two atoms thus

strained apart, these would, in turn, cohere

anew to the atom which had been drawn in

between them, and thus we should have a

permanent rearrangement of the atoms, or,

in other words, a permanent set with perma-

nent elongation in one direction, and per-

manent contraction in a plane at right angles

thereto. That the atoms are thus drawn
into parallel rows in many kinds of iron, at

least, seems evident from the appearance of

fracture, which presents stringy collections

of particles, forming what is commonly called

fibre, although there is great reason for

doubting that anything like fibre existed in

the iron before it was broken. Mr. Kirk-

aldy's recent experiments appear to show,

as many others have shown, that iron may
be made to break short, or to break with an
appearance of fibi-e, just according as it is

broken with a sudden blow or gradual pull."

We attach slight importance to the con-

clusions from Mr. Kirkaldy's experiments,

since they furnish only negative evidence,

against which may be cited positive evidence
of the strongest kind. They merely show
that the fibre is not apparent when iron is

suddenly broken. On the other hand, it is

not only distinctly apparent when it is broken
gradually in the direction of its length, but
when pieces cut from a bar transversely are

pulled asunder the surfaces of rupture give
unmistakable indications that we are obtain-

ing a side view of the fibre. Finally, the
strength of wrought iron is from two to four

times greater in the direction of the assumed
fibre than in a direction perpendicular to it,

showing that the arrangement of the con-
stituent particles differs widely in the two
directions.

We think some confirmation of the views
we have set forth will be found in the fact,

that rods of wrought iron, subjected to

gradual pulls beyond the limits of elasticity,

have their strength not only unimpaired, but
actually increased by the strain. If the two
fragments of a broken rod be submitted
again to rupture, the forces required to effect

it in each fragment are almost always deci-

dedly greater than that accomplishing the

first rupture. This increase of strength will

be found to be more decided in proportion

to the softness, or ductility of the iron used.

Doubtless the same causes which produce
this effect produce also the great increase of

strength imparted to iron and steel when
drawn into wire. Mr. Barlow gives the re-

sults of experiments made at the Woolwich
dockyard with reference to this phenomenon,
which show an increase amounting, in some
cases, to 18 per cent. Mr. Colburn men-
tions the experiments of Mr. Thomas Lloyd,

engineer to the Admiralty, on ten bars of

Crown S. C. iron, 1| inches in diameter and
4-| feet long. The mean breaking weight
at the first breakage was 23.94 tons per
square inch. At the second breakage the

mean strength was 25.86 tons per square

inch. At the third breakage it was 27.06

tons per square inch. At the fourth break-

age it was 29.2 tons per square inch. The
mean strength at the last breakage was
about 22 per cent greater than at the first.

Mr. Colburn suggests, as an obvious expla-

nation, that the bars first broke at the weak-

est point, then again at the next weakest,

and so on. But this seems to disregard the

fact that these bars elongated several inches

before breaking, which must necessarily in-

volve a complete rearrangement of its con-

stituent atoms throughout its mass, so that

the section of minimum strength was con-
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stantly altering, if not its position, certainly

its ultimate structure. The process, on the

contrary, seems to us quite analogous to

wire-drawing, the atoms arranging them-
selves more and more thoroughly in the form

of parallel fibres, which is the position most
favorable for tensile resistance, until a maxi-

mum of parallelism is reached, and therefore

a maximum strength.

Taking into consideration the nature and
structure of cast iron, it can hardly be ex-

pected that it can be as strong after the

application of severe strains as before. Rup-
ture must always ensue whenever the elastic

limit is exceeded. A continued repetition

of strains ought, upon the foregoing princi-

ples, to deteriorate the strength by the suc-

cessive rupture of the cohesion of detached
points. Experience in cast iron guns leads

to this conclusion, but exhaustive experi-

ments upon various forms, with stresses

variously applied, are much needed.

The following valuable considerations by
Mr. Colburn are added: "In a paper of

great value, read nearly seven years ago
before the Royal Irish Academy, and after-

wards published in a quarto volume entitled,

' On the physical conditions involved in the

construction of artillery,' Mr. Robert Mallet

has laid down a useful measure of the work-
ing and ultimate strength of iron. Poncelet
had already employed co-efficients, which
indirectly expressed, not merely the elastic

limit and breaking strength of iron, but the

range also, through which the force acted in

each case, in reaching these limits. Mr.
Mallet has adapted these co-efficients to the

English standard of mechanical work, viz,

'foot pounds;' and he represents the struc-

tural value of different materials, or of differ-

ent qualities of the same material, in one
case, by the product of the elastic load in

pounds into half the range in feet, or parts

of a foot, through which it acts, and in the

other case by the breaking weight in pounds
multiplied also by half the range in feet, or
parts of a foot, through which it acts. Mr.
Mallet employs Poncelet's co-efficients as

follows

:

Tc= foot pounds in reaching elastic limit

of tension.

T r — foot pounds to produce rupture by
tension.

T 'c = foot pounds in reaching elastic limit

of compression.
T'r= foot pounds to produce crushing.
" One-half the weight into the whole exten-

sion, or the whole weight into half the ex-

tension, is adopted, because the force gradu-
ally applied to break the bar must increase

from nothing to the breaking weight. Upon
Dr. Hooke's law, ut tensio sic vis, the weight
of a grain will, in some minute degree, de-

flect or extend the heaviest bar of iron, and
the deflection, or extension, will increase

pz-ogressively with the weight applied, up to

the point of rupture. Therefore, if a bar
be stretched one foot and then broken with
a weight of 33,000 pounds, the work done
will be the mean of zero and 33,000 pounds
into one foot, or 16,500 pounds. This, as

has been said, is the work done in the case

of a gradually applied strain. If, however,
the weight be applied without impact, yet
instantaneously, upon the bar, it will, so

long as the limit of elasticity be not exceeded,
and supposing the bar to have no inertia,

produce twice its former deflection and,
therefore, twice the ultimate strain. For
the weight, in falling through the distance

of the deflection due to the load at rest, will

require momentum sufficient to carry it

through an additional distance equal to the
static deflection. This may be best demon-
strated experimentally with the aid of a
spring balance. If upon the pan of a balance,

sufficiently strong to weigh up to 40 pounds,
a weight of 15 pounds be placed, and this

be lifted to zero on the scale and there re-

leased, it will descend momentarily to nearly
30 pounds on the scale, and were there no
opposing resistances, and had the spring no
inertia, it would descend to exactly 30 lbs.

In the actual application of strains in prac-

tice a weight is never thus applied, but a
consideration of what would occur under
such circumstances is sufficient to show how
important it is that vibratory action be not

overlooked in considering the strains on
bridges. It is to be remembered that this

action of suddenly applied loads is only

manifested in the case of the application of

weights, for if the strain be produced by the

sudden admission of steam, or any other

practically imponderable body, no additional

deflection will take place beyond that due to

the pressure acting statically. If steam
pressure acted in the same manner, in this

respect, as a weight, the steam indicator would
show nearly, or quite, double the pressure

acting effectively within the cylinder of the

engine."

It will not be attempted in the present

paper to discuss fully the co-efficients adopted

by Mr. Mallet, for there are objections

against, as well as reasons in favor, of their
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application. It is evident that T r may be

the same in two cases, in one of which a

high breaking weight is exerted through

a very short distance, and in the other

of which a low breaking weight produces
stretching through a correspondingly greater

distance. But this co-efficient does possess

a value in taking account of the combined
cohesive force and extensibility of iron, in-

stead of the breaking strength alone. Glass

has a high cohesive force, but is useless

under strain, on account of its brittleness,

while india-rubber has great extensibility,

or toughness, with but slight cohesion. The
products, therefore, expressed by the co-effi-

cients in question do not afford a complete
notion of the practical value of a given

material, unless the factors whereby these

products are obtained are also given. The
elastic limit of iron, however low, is not to

be exceeded in practical use, whatever its

range of elasticity may be ; nor does it ap-

pear to be prudent to work into the neigh-

borhood of a high elastic limit, when the

elastic range is known to be small. It is

not to be understood that the co-efficients in

question are intended to be applied other-

wise than in the comparison of bars of equal

length, else it would result that the measure
T c, in a bar 50 feet long, was one hundred
times greater than that of a bolt six inches

long, and of the same material and sectional

area. For the purposes of the engineer not

only is a long bolt no stronger than a short

one, but, as it can be no stronger than its

weakest part, it will follow that the average

strength of 100 bolts six inches long is likely

to be greater than that of a bolt of the same
diameter 50 feet long. Every engineer is

aware of the importance of toughness in com-
bination with cohesive strength in iron, but

we need much more extensive and accurate

information respecting the former ; and a

consideration of Mr. Mallet's co-efficient

should lead to additional experiments being

undertaken.

Mr. Kirkaldy, proceeding upon an inde-

pendent course of inquiry, but with the same
object as that pursued by Mr. Mallet, pub-

lished some time ago the results of a series

of experiments, which are the first upon any
thing like an extensive scale, to take into

account the combined cohesive force and
extensibility of iron and steel. Mr. Kirkaldy

experimented upon hundreds of specimens*

but he did not ascertain their limits of elasti-

city. He has given both the original di-

mensions and cross-sectional area, and the

dimensions and area after fracture, and he
has also given the amount of elongation at

fracture, although he did not ascertain the

amount of extension at the elastic limit.

The reduction of diameter of a bar at the

joint of fracture serves to give a practical

man a good idea of the quality of the iron,

but it does not admit of an expression of the

mechanical work done in producing fracture,

as does the combined breaking weight and
linear extension. In tearing a bar in two,

also, we have to consider the permanent
stretch communicated to all parts alike, and
the additional stretch at or near the point

of fracture. That part of the stretching which
extends uniformly throughout the bar would,

we may suppose, be exactly proportional to

the length of the bar, while that part of the

stretch which takes place close to the point

of fracture would, we may also suppose, be

a fixed quantity, whatever the length of the

bar. Mr. Kirkaldy's specimens of iron and
steel varied from 2.4 inches to 8.2 inches

only in length, and with these the ultimate

elongation at fracture varied from nearly

nothing to 27 per cent of the original length,

whereas longer bars would have shown a

proportionally less elongation. The samples

which hardly elongated at all were of pud-

dled steel ship-plates. One sample, which
bore 63,098 pounds per square inch of the

original area, stretched before breaking but

the uVth part of an inch in a length of 7.6

inches, or less than -xVths of one per cent of

the length. Adapting to Mr. Mallet's co-

efficient, the structural value of such a ma-
terial would be almost nothing. In fact,

Mr. Kirkaldy found the puddled steel plates

throughout to have, much less extensibility

than cast steel plates, and of very irregular

breaking strength.

Mr. Fairbairn communicated some of the

results of an important series of experiments

to the British Association at the Manchester

meeting in 1861, from which it appeared

that a large model of a wrought iron plate

girder withstood, without injury, 1,000,000

applications of a load equal to one-fourth its

breaking weight, and afterwards 5,175 appli-

cations of one-half its breaking weight, when
it broke down. The model was then repaired,

and 25,900 applications of two-fifths its

breaking weight, and afterwards nearly

3,000,000 applications of one-third its break-

ing weight were made, it is said, without

injury.

The application of iron to bridges, espe-

cially to those of large span, necessarily re-
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quires the most careful consideration in

apportioning the strains, since every pound

of metal not brought into effective action is

so much dead weight, or useless load, being

not only misapplied of itself, but requiring

additional material to support it.

The practice among American engineers

is very uniform. The factors of safety are

almost invariably as follows : For parts sub-

ject to constant strain, six ; and for parts

subject only to occasional strains, four.

These figures are factors of ultimate strength.

The margin of safety has, in all cases, been

ample so far as we can learn.

TRACTION ENGINES.

From "The Engineer."

Although the very first carriage ever pro-

pelled by steam was constructed years before

railways were thought of, and, as a natural

consequence, made the first tottering essay

at mechanical locomotion on a highway, com-
mon roads still remain almost unavailable as

a means to locomotion by engine power. A
very few years since—a dozen, let us say—an
idea sprang into existence that every port-

able agricultural engine might be, ought to

be, and would be made self-propelling, while

very large numbers of engines, specially de-

signed, not to drive threshing machines or

ploughs, but to haul loads, would be built.

G-entlemen like Bray and poor Boydell foster-

ed this idea, and threatened the railways.

The railway companies paid not the least at-

tention to the matter. It could be easily

proved, they thought, that steam on the

common road would never beat steam on
rails, and in a sense—and a large sense, too

—it is certain that railway companies and
their engineers were right in this conviction.

The rage for traction and self-propelling en-

gines died out. At this moment it is probable
that a smaller number of traction engines is

in use than at any other period within the
last six or eight years. The number of

self-propelling engines—that is to say, of
engines intended to take themselves and a
plough or threshing machine from farm to

farm—is probably much greater, but it must
be remembered that from these latter ma-
chines railway companies have nothing either
to hope or fear ; they add not at all to facili-

ties for locomotion, and their abundance or
scarcity does not affect the great problem of
transporting heavy goods or materials on
common highways by using steam instead of

horses. With limited exceptions, the trac-

tion-engine system has proved a complete
failure. It is true that hundreds of traction

engines have been built here and elsewhere,

and sent to all parts of the world and put to

work, and have remained at work till worn
out. But this fact is of the smallest im-

portance. If the traction engine had been
a success, it would have done for horse haul-

age what the locomotive did for the stage

coach. Instead of hundreds of traction en-

gines we should have built, sent away, and
put to work, thousands.

No one disputes that steam might be
employed with great success on common
roads as means of cheapening the transport

of heavy goods or materials of all kinds,

such as corn, timber, coal, ores, lime, bricks,

and such like ; but neither does any one dis-

pute, so far as we are aware, that steam is

not so employed either here or abroad, ex-

cept in a very small and insignificant way,
with success. When it can be predicated by
intelligent engineers that a given machine
ought to succeed, while it can be proved that

it does not succeed, a problem is presented,

which we, as technical journalists, are bound
to consider, and if possible to solve. Let
us attempt, then, to solve this question,

bringing, we may add, without overstepping

the bounds of editorial modesty, at least a
little practical experience in traction engines

to bear on the matter in hand.

It is very commonly urged that traction

engines are not more commonly used because

the law concerning them is harsh, repressive,

and almost prohibitory. Now even if we
granted this statement to be a statement of

facts—and we do not—it proves very little

for the traction engine builder. It is true

that the law prohibits a greater speed than
four miles an hour, and orders that each en-

gine shall be preceded when on the road by
a man with a red flag, etc. But, in the first

place, this rule is not very oppressive, and,

in the second, engineers have only themselves

to thank for its existence. Traction en-

gines, as they are, are unutterably hideous,

astoundingly noisy, and to the last degree

offensive in the matter of smoke—not only

to horses, but to men. If it could be proved
that these conditions are inseparable from
the system, then we should have small hopes
indeed of the ultimate success of steam on the

highway. We believe, however, that the ugli-

ness, noise, smoke, and general nuisance, all

result from the great fact that those who have
built traction engines up to the present mo-



584 VAN NOSTRAND'S ENGINEERING MAGAZINE.

merit have not realized the importance of

getting rid of the specified objections—or,

realising it, have been unable to design en-

gines of better construction. A glance at the

contents of any agricultural show will prove

that the ruling principle guiding the makers
of traction engines is to take the ordinary

portable engine and adapt it to drive a pair

of road wheels. As a result, we have an
engine without springs and with all the gear-

ing exposed to the broad glare of day,

thumping, and clanking, and grinding, and
smoking along our highways. The thing is

a nuisance, an unmitigated nuisance, and it

is folly to deny the fact. Worse than this,

the nuisance is continually getting not only
its owners but itself into trouble by break-

ing down ; and all this because a machine
specially designed for one purpose is applied

to another.

Without engravings it would be impossible

to show what a traction engine should be.

Perhaps our portfolio of working drawings
may yet include one design, disposing of

most, if not all, the objections concerning

smoke, noise, ugliness, and breakdowns.
For the present we shall content ourselves

with indicating a few of its features. We
have stated that traction engines as they

exist are a nuisance, and this in itself is one

very sufficient reason why steam on the com-
mon road is not a success ; but one or two
others of even more importance remain to be
considered. The first is, that, all things

considered, traction engines do not compare
favorably as regards the cost of the work
done with horses ; the second is, that they

consume large, quantities of water, which
cannot always be had, and that even when it

can be had, much time is wasted in taking it

in. Four miles an hour running time, in all

cases becomes three miles an hour including

stops to take in water. We have now put

before our readers, in one way or another,

most of the objections to traction engines.

Let us see how they are to be got over.

In the first place, a radical change must
be made in the arrangement of the entire

machine as compared with those now in use.

Instead of the portable engine, we must take

the railway locomotive as our model. The
first point to be settled is the construction of

the machine regarded as a carriage. As the

road to be traversed is rough, and machinery
does not like rough roads, the two must be
kept apart as far as possible. Therefore

instead of mounting a boiler half full of

water on rigid wheels without the interposi-

tion of springs, and a heavy, quick-running
engine and fly wheel on top of the boiler, we
must provide a rectrangular frame of iron or

of oak between iron plates. The frame must
be supported on wheels—preferably of wood
—through the intervention, not only of

springs, but of perfectly efficient and elastic

springs, with india-rubber buffing-pieces to

take up the last trace of jar and vibration.

Next we have to provide a crank shaft run-

ning in brasses fixed in wrought iron cheeks
—no cast iron except that in the cylinders

and a little in the gearing should be allowed

in a traction engine—which crank shaft must
be driven by a pair of pistons, in order to

get rid almost or altogether of the fly wheel
—and unnecessary and objectionable excre-

scence, which should have no more place on a

traction engine than it has on a locomotive.

The next step is to provide means by which
the crank shaft when revolving will cause the

hinder wheels to revolve also. For this

there is nothing like a chain, only the chain

must not be run too fast, must have plenty

of bearing surface, and must admit of being

tightened when it gets slack. Various modi-
fication of the chain may be used, but we
will not stop to consider these just now. If

the engine is intended to run at slow speed
with heavy loads, intermediate gear must be
employed. On the crank shaft a pinion is

to be placed gearing into a spur wheel about

3 to 1, and the shaft of this spur wheel—lying

across the frames in the rear of the crank
shaft—will carry a small chain wheel, while

a large chain wheel will be fixed to the boss

of one of the road wheels, either or both of

which will be fixed at pleasure to the axle.

When moderate speeds are allowable the

chain pinion may be fixed direct on the crank
shaft, which may make nine revolutions for

one of the road wheels. If these last are a

little under 6 ft. in diameter they will revolve

about 288 times per mile, or, at five miles an

hour, twenty-four times per minute, which
gives 216 revolutions per minute for the en-

gines, the cylinders of which should not be

too small in diameter. Ordinarily, steam
will be worked expansively in them. By
admitting it full stroke, sufficient power may
be developed to get the engine up a steep

hill or out of a difficulty, at least such a

difficulty as will be encountered on a good
road—and five-mile an hour engines should

not work except on good roads.

The character of the boiler and the posi-

tion of the cylinders remain to be settled.

In any case the crank shaft should be placed
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as nearly as possible on a level with the road

axle—why, we shall not stop to explain. If

the locomotive type of boiler be used, then

the clinders go into the smoke box ; but un-

der certain circumstances it will be found

best to use a vertical boiler placed at one end
of the frame, while a water tank is placed at

the other, the cylinders being placed

vertically between. The use of vertical

cylinders will not induce much jump, if

any, in a heavy engine ; and by adopting the

vertical instead of the horizontal arrange-

ment one great difficulty is disposed of. The
cylinders and engine can be put near the

ground and yet remain accessible and out of

the dirt. All the machinery must be boxed-

up out of sight.

We have yet to get rid of the waste steam
and the smoke. By taking the exhaust

through a superheating pipe in the furnace

the waste steam may be rendered invisible,

and the noise may be completely obviated by
discharging from the cylinders into a receiver.

As regards smoke, that must be got rid of

by the use of coke.* We are unacquainted

with any other expedient which will effectual-

ly prevent the evolution of smoke from the

small furnace of a traction engine. Its com-
pulsory use would be no great hardship.

THE SPECTROSCOPE.

From the " American Exchange and Review."

That ordinary or white light may be de-

composed by refraction into what are com-
monly known as the " colors of the rain-

bow," is a familiar fact. Every transparent

substance of greater density than that of air,

and bounded by surfaces inclined to one
another, gives evidence of this dispersion, as

the separation into color is technically call-

ed. We see it in the drops that fall from
the clouds, in the flashing hues of the dia-

mond, and in the pendants of chandeliers

;

but it is most conveniently and perfectly ex-

hibited by what is called a prism—a piece of

glass having two surfaces greatly inclined to

each other. Light, after passing through
any of these dispersive media, is no longer
of simple and uniform whiteness ; it is trans-

formed into a series of the most vivid and
delicate tints, melting into each other by an
insensible gradation, from a dark heavy red,

through brilliant orange, green, and blue, to

a deep and tender violet. We are not now
concerned with the inquiry, how this divers-

* Or in America by the use of anthracite.

ity of hue is universally found where refrac-

tion, or bending of the rays of light, takes

place ; and whether color is so connected
with refraction that every progressive degree

of refraction produces its own tint, in which
case each hue would be simple and independ-

ent ; or whether some, at least, of the colors

may not be of composite character. The
question now seems to lie between a super-

imposition of three bands of the colors re-

cognized as primaries in painting—red, yel-

low and blue—equal in extent, but very
unequal in intensity in different parts of
their length—and a continuous series of

literally innumerable hues, each equally ele-

mentary and self-subsistent, and each pass-

ing, without the least overlapping, into its

neighbors on either side by the most delicate

and imperceptible modification.

The spectroscope, an instrument invented

by Frauenhofer, is destined to take rank
with the telescope and the microscope as a

revealer of mysteries. Its structure is suf-

ficiently simple, comprising, as its essential

parts (for the details are subject to much
variation), a slit of adjustable narrowness
between two metallic plates, to eliminate the

overlapping of the spectra ; a prism, or

rather, in order to obtain a wider dispersion,

a combination of prisms, to decompose the

admitted but straightened ray ; and a small

telescope, the intention of which is to mag-
nify the spectrum thus formed, and rendered
sufficiently pure to exhibit its interior ar-

rangement, so as to unfold more effectually

its complexity. The investigation conducted

by means of this beautiful apparatus is

known as spectrum analysis, and it is equal-

ly applicable to every kind and degree of

light, provided it retains sufficient intensity,

after this unsparing reduction and expansion,

to form a distinct impression upon the eye.

With the light given out by the terrestrial

elements raised to incandescence, a vivid

spectrum at once streams from the prism.

Any solid element thvis ignited affords a

band of brilliant colors, but without the

crossing of a single dark line. Urge it un-

til it flows down in fusion, still the unbroken
spectrum remains ; but force on the heat till

the material rises into a glowing vapor, and
the scene is changed. At once the continu-

ous spectrum, the uninterrupted stream of

color, common to every ignited solid or fluid

element, is converted into a succession of

transverse lines, brilliantly and variously

tinted according to their place in the spec-

trum, extremely narrow fragments, as it
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were, of the continuous spectrum, and se-

parated by intervals, more or less wide, of

darkness—gaps where that spectrum has to-

tally disappeared. This is strange, and in

its first impression strangely irregular ; but

further examination shows us a yet stranger

regularity. There is no rule as to the thick-

ness or position or grouping of the bright

lines, but we shall find that every chemical
element, whatever its nature, has, when in a

state of vapor, a system of lines of its own,
and so peculiarly appropriate to itself that

the appearance or non-appearance of those

lines is an infallible criterion of the presence

or absence of that element.

The spectrum, as the band of varied hues
is called, when obtained direct from the sun by
refraction—whether naturally, as through the

bow set in the cloud, or the rain drops pend-

ant on the leaves, or artificially, as through

a prism of glass or other suitable material

—

exhibits nothing more than a succession 'of

brilliant tints passing gradually from red of

vai'ious qualities, through yellow and green,

to blue, deepening into violet. But a little

consideration will show us that these colors,

however compounded in their own nature,

cannot under these circumstances be regard-

ed as absolutely simple and pure. They
would be so if the sun were a point ; but
the breadth of its surface, or, in astronomi-

cal language, disc, prevents the complete
analysis of its light ; for evei-y portion of

this disc, from the one side to the other, in

whatever direction the refraction may have
been effected, has been contributing its own
share of light to every portion of the spec-

trum, so that the latter, instead of being a

simple decomposition of one pencil of light

issuing from one point, is an overlapping, to

a certain small but not inconsiderable de-

gree, of innumerable spectra from an infinite

number of luminous points, producing a con-

fusion, the limit of which is, of course, the

apparent breadth of the source of light.

Within that confusion, that crowding toge-

ther and intermixture of neighboring tints,

some mystery may lie concealed, and fortu-

nately the means are ready to our hand to

explain it. We can thin out the crowd to a

simple rank by reducing the visible breadth
of the sun to a single point. Or, better still,

since the tints are mingled and confused only

in one direction, that of the refraction, we
may, by means of a slit which can be adjust-

ed to any amount of opening, narrow the

sun's disc to a mere transverse line of light,

which, preserving the full breadth of the spec-

trum in its own direction, and giving us, as

it were, a ribbon dyed in transverse bands
instead of the single parti-coloi-ed thread
which would issue from one point of light,

makes the phenomenon conspicuous enough
for study, while the confusion arising from
overlapping is removed. Thus formed from
a single narrow transverse streak of light,

the spectrum is no longer a continuous baud;

its colors remain as they were, but it is full

of interruptions ; it is crossed in innumer-
able places—the best instruments show up-

wards of 2,000—by dark lines, some much
broader and more conspicuous than others,

but all of hair-like minuteness, and in most
irregular arrangement and fortuitous group-

The spectrum of the sun is discontinuous,

with hair-breadth tracks of darkness. The
spectra of the terrestrial elements are also

discontinuous, but with hair-breadth lines of

light. The one seems of a class which is

the reverse of the other ; but this apparent

contrariety will lead to further thought and
further investigation.

The discovery of the true meaning of the

solar spectrum, in 1859, was the commence-
ment of a long series of discoveries in solar

physics. It had long been noticed that the

rainbow-colored streak of light which forms

the solar spectrum is crossed by a multitude

of dark lines. Some of these lines are well

marked, others faint ; at one place many are

crowded together, at others there are scarce-

ly any ; but at all times the same lines make
their appearance. For a long time this phe-

nomenon remained without explanation, as

also did the correlative phenomenon that the

spectra of incandescent vapors consist, not

of a rainbow-colored streak, but of a definite

number of bright lines. But Kirchhoff, in

1859, made the important • discovery which

forms the basis of spectroscopic analysis.

He found that the dark lines in the solar

spectrum correspond to the bright lines of

the spectra of incandescent vapors. For ex-

ample, the double orange line which forms

the spectrum of sodium vapor occupies ex-

actly the same place as a well-marked double

dark line which appears in the orange part of

the solar spectrum ; and so with many other

similar lines or sets of lines. In fact, he

demonstrated that the presence of dark lines

in the solar spectrum indicates that the light

of the sun shines through a vaporous enve-

lope, and that the vapors which form this

envelope are the same which, in an incan-

descent state in the chemist's laboratory,
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produce the bright-line spectra correspond-

ing to certain of the solar dark lines.

To sum up in a few words those principles

of spectroscopic analysis which are our chief

guide in solar researches : An incandescent

solid or liquid gives a continuous rainbow-
colored spectrum ; an incandescent gas gives

a spectrum of colored lines ; and an incan-

descent solid or liquid shining through a

vaporous envelope gives a rainbow-colored

spectrum crossed by dark lines, and these

lines have the same position as the bright

lines which belong to the spectra of the va-

por's which form the envelope.

THE PARIS STEAM ROAD ROLLER.
From a paper read before the Institute of Mechanical

Engineers, by Mons. M. E.. Gellaret.

This roller consists of a locomotive engine

carried entirely upon two large cast-iron

rollers of equal size, which are both driven

by the engine, the course of the machine
being controlled by a special arrangement
for changing the direction of the roller

axles. The result is that the whole of the

weight of the machine is made available

both for the rolling of the road and for pro-

pelling the machine. The engine is capable

of being readily started in either direction

without any slipping, and can easily round
very sharp curves. This machine is the

only one which allows all the weight to be
made available for adhesion in driving—an

indispensable requisite for a really complete
rolling machine—none of the weight being
dragged ; and machines having only one
axle driving are liable to slip at starting,

causing damage to the road surface to be
rolled, and wasting power. Also, the direc-

tion of the motion, whether forwards or

backwards, being entirely indifferent, is an-

other essential point for rolling roads. By
a special mechanical arrangement the com-
munication of the driving power is main-
tained direct to both the rollers, however
much they may be inclined to each other
when traversing a curve ; this driving appa-
ratus is made very strong and durable, and it

has been found completely successful in work.
The weight of the machine is equally divided
on the two rollers, and the adhesion for driv-

ing is so great that these machines have work-
ed up hills with a gradient of 1 in 12^. They
are guided with the greatest facility and
certainty on the most difficult and winding
roads, by the axles of the rollers being made
to converge to the centre of the circle which

is being traversed. These machines have
now been in regular use in Paris for four

years, and the results of their working have
so thoroughly established their durability

and economy that they are used for the

whole of the roads in that city and the sub-

urbs. The machine has a longitudinal

wrought-iron frame, like a locomotive en-

gine, with cross bearers to carry the boiler,

and a water tank at the back of the foot-

plate. The two large carrying rollers are

3 ft. 10 in. in diameter, and 4 ft. 7 in. in

length. They are cast-iron cylinders of 1-|

in. thickness, with intermediate strengthen-

ing ribs and internal flanges at the ends, to

which wrought-iron plate covers are fixed.

These close the two ends of the rollers, and
have cast-iron bosses in their centres for

bearing on the axles. The axles are sta-

tionary, and the rollers revolve round them
with bearings extending the whole length of

the roller, and consisting simply of a cast-

iron cylinder, with a continuous bearing on
the axle, and furnished with a spiral groove

for lubrication. The rollers in the first of

these machines were made with separate

wrought-iron wheel centres, upon which was
riveted a cylinder of boiler plate ; but this

make was abandoned in consequence of the

frequent failure of rivets, which were sheared

off by the stretching of the cylindrical plate

from rolling out. The present make of

cast-iron rollers, heavier than the original

wrought-iron ones, but less expensive in

make, has proved very satisfactory, and
they have done a large amount of work
without any expense for repairs, some of

them having run as much as 3,000 miles

without any sign of cracking or splitting.

The first cast-iron rollers were made quite

cylindrical ; but it was found that the sur-

face became worn down more at the end

next the chain-wheel than at the other end
;

and to meet this irregular wear the rollers

have since been cast slightly conical, with

the larger end towards the chain-wheel, so

that when half worn down they may become

truly parallel. One end of each roller has

a manhole in it, giving access to the interior

for oiling the bearings. There are two sizes

of these machines used in Paris—one weigh-

ing 15 tons and the other 30 tons in average

working order. The smaller one has rollers

3 ft. 11 in. in diameter and 4 ft. 7 in. in

length; the rollers in the larger one being

4 ft. 9 in. in diameter, and 6 ft. length.

These machines were adopted for rolling

the roads in Paris, in consequence of the
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satisfactory results of a series of experi-

ments made with them under the direction

of M. Michal, director of the municipal ser-

vice, by M. Hornberg, engineer-in-chief of

the public roads of Paris. The machines

are hired at a fixed charge, which is regu-

lated by the weight of the machine and the

distance run in work ; the rate being per

ton per mile of the machine, 7d. by day and
8d. by night. This rate includes all ex-

penses of wages, coals, and materials for

working and repairs, excepting the supply

of water, which is furnished by the muni-
cipal authorities. The work of each ma-
chine is measured by a self-acting counter,

indicating the distance traveled, measured
at the mean diameter of wear of the rollers

;

the measurement of distance being taken

only during the actual time of rolling, with

an allowance added of three miles for trav-

eling to and from the place of work. The
work is, as a general rule, done in the night

within the city, the portion of road repaired

during a night being completely finished

by the morning ready for traffic. The speed

of working is from lg to 2
-J
miles per hour,

being limited to the latter amount by the

public regulations. The usual practice in

repairs is to lay down a layer of broken

stone about 2J in. thick at the sides of the

road, and 6 in. thick in the middle ; the

surface of the road being generally picked

up previously. The rolling engine com-
mences work at the opposite sides of the

road ; alternately traveling backwards and
forwards over a length of about 100 yards,

and working its way gradually to the mid-

dle of the road, when it proceeds to roll an-

other similar length. The layer of broken

stones is watered from the street mains, and
binding material, consisting of road scrap-

ings, is put on before the rolling. There is

not the slightest difficulty experienced in

reversing the motion of the rolling engines,

and they start in either direction without

any slip whatever, and the broken stone is

regularly rolled down without getting push-

ed up or driven before the rollers. The
engines start with great facility, even on a

considerable incline, and they turn easily in

a circle of only 13 yards radius. In making
new roads the broken stone is usually laid

down in a single layer of 10 to 12 in. in

thickness, and this thickness of material can

be satisfactorily rolled. The total distance

traveled per day of ten working hours by
one engine is usually from 15 to 20 miles.

In working, two men are employed for the

smaller engines—an engineman and a steers-

man, and for the larger engines a fireman

in addition, for the purpose of oiling upon
the road without stopping the engine. The
mean power developed by the larger engines

is about twenty horse power. It is often

below that amount, and then sometimes
rises to thirty or even thirty-five horse

power. The engines keep well in order,

and run from 1200 to 1800 miles before re-

quiring any important repairs. They are

made very strong ; the axles, chains, pin-

ions, and working gear being made of steel,

and the engines of the quality of best loco-

motive work. They are consequently ex-

pected to keep at work fully ten years. In
reference to the relative cost of rolling roads

by the steam roller or by horse power, the

following facts may be taken as a compari-

son of the prices per ton per mile by each

plan. The result of numerous data shows
the cost of horse rolling in Paris (including

horse keep, drivers, and oiling; to be lid.

per ton per mile, or about llfd. including

cost of repairs. The addition of interest of

capital and depreciation would raise the

total cost to about 14d. per ton per mile.

On the other hand, for the steam rolling the

actual payment is only half that amount, or

7d. per ton per mile, including the contract-

or's profit ; so that there is a great economy
as regards cost of power in the steam roller.

The advantages of the steam roller over

those drawn by horses are, economy in the

cost of the work, rapidity of execution, and
greater perfection in the work done ; the

durability of the road surface being found

to be at least doubled where the steam roll-

ing has been well done, as compared with

roads not so rolled.

n the Influence op Severe Cold on
Metallic Tin.— Fritzsche, of St.

Petersburg, communicated to the Paris

Academy the interesting fact that during

the severe cold of last winter, in St. Peters-

burg, large blocks of Banca tin became
crystalline through the whole of their mass.

They now contain in their interior, hollow

spaces of up to 100 cubic centimeters. The
walls of these hollow spaces are smooth and

shiny. The other parts of the tin which

have been transformed partly into small

crystalline grains, partly into brittle pieces

of various sizes, have a dull appearance,

caused probably by superficial oxydation.

—

(Compt. Rend., t. 67, p. 1106.)
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LIGHT VS. HEAVY LOCOMOTIVES.

EOLLING STOCK ON THE METROPOLITAN
RAILWAY.

From "The Engineer."

Those who are interested in the often-dis-

cussed merits of light versus heavy rolling

stock, will find just now much deserving of

their attention in the working of the Metro-

politan Railway. They may there see some
of the lightest tank engines and carriages

recently used for main line traffic, working-

side by side with the heaviest stock ever put

on any line. A very important problem,

therefore, bids fair to receive a speedy solu-

tion on the Metropolitan Railway ; and the

solution will, unquestionably, possess every

characteristic which can render it absolutely

final under the prescribed conditions. In a

word, a most valuable experiment is being

tried on the largest scale ; and the result,

be it what it may, must be accepted as con-

clusive. The facts may be stated in a very

few words, but they will be all the better

for a little explanation.

The first engine designed to work the

Metropolitan Underground Railway, was
fitted with air pumps and an injection con-

denser. Its weight was something enor-

mous, and its performance so unsatisfactory

that we believe it never ran a single passen-

ger train. The line was first practically

worked by the Great Western Railway Com-
pany with broad gauge engines, having out-

side cylinders and six wheels, four of them
being coupled. These engines did very

fairly, and are now in use down the country.

Next came an interregnum, when the traffic

of the line was conducted by the Great
Northern Railway Company with their ordi-

nary narrow gauge mixed engines, blowing

their waste steam into the tender through

a temporary exhaust pipe. Meanwhile, Mr.
Fowler prepared designs for new narrow
gauge tank engines. These engines being

specially designed to work underground,

possessed not a few novel features. Twelve
were built in the first instance by Messrs.

Beyer and Peacock, and, as a natural conse-

quence, the work is simply faultless. We
cannot say as much for the design. It was
of the utmost importance that the engines

should get away quickly with their trains,

yet the driving wheels are 5 ft. 6 in. in di-

ameter, a dimension rendered inexcusable

by the fact that only a moderate speed was
demanded. In order to compensate for the

size of the wheels, and to still retain the

great tractive force, essential to rapid start-

ing, large cylinders were of necessity adopted.

We need not stop to explain how great an
augmentation of weight this entailed. It

was next assumed that the curves would be
bad to get round with a six-wheeled engine,

therefore a bogie was introduced principally

because the engine was made too long to

begin with. This farther increased the

weight, and so, finally, Mr. Fowler produced
the now well-known narrow gauge stand-

ard Metropolitan engine, weighing nominally
42 tons, but in all probability at least 45
tons loaded. This monstrous machine is

employed to haul trains consisting of five not

less monstrous carriages, carriages mounted
on eight wheels disposed in two groups, and
weighing 16 tons each. We have thus a
locomotive weighing 45 tons hauling a train

weighing 80 tons, carrying, when full, 20
tons of passengers or so, at a speed of 25
miles an hour, over the best permanent way
ever laid down : gross load, 155 tons

;
pay-

ing load, 20 tons, or less than half that of

the engine alone. There are no exception-

ably heavy inclines to be surmounted, and
the bad curves are few in number, and at the

worst do no great harm, because the speed

at which they are traversed, as at King's
Cross, for example, is low. We fancy that

every unprejudiced engineer, with these facts

before him, will admit that Mr. Fowler's

engines are not the.. best that can be designed

for the intended purpose, and that, all things

considered, they are apparently very much
underworked. The driving wheels are much
too large, the machine too long, and, above

and beyond all, the enormous weight of the

engine constitutes a grievous defect. There
is no denying the fact that the standard en-

gines play havoc with the permanent way of

the Metropolitan Railway, smashing off the

tables of steel rails, and grinding out the

best Bessemer track, perhaps in the world,

as though it were made of iron.

Mr. Fowler has gone on adding to the

original stock of twelve engines with others

built off the same patterns ; but we find that

neither the Great Northern, the Midland,

nor the Great Western Companies have fol-

lowed his example. The Great Western
Company put on some broad gauge engines

with six very small coupled wheels and in-

side cylinders, three or four years ago ; these

have been abandoned with the broad gauge.

The Great Northern Company, in working

steeper inclines than any which the Metro-

politan engines are called on to traverse,
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adopted a design differing widely from Mr.

Fowler's. The G-reat Northern engines

weigh full but 33 tons. They have four

coupled wheels, 16-in. cylinders, and a pair

of trailing wheels mounted with Adams' ra-

dial axle boxes. These engines gave great

satisfaction. Next came the Midland with

a modification of Mr. Fowler's design, the

engines weighing much less, however. And,
lastly, we come to the rolling stock put on

by the Grreat Western Company within the

last few months, which is the very antithesis

of Mr. Fowler's. Now, if the designs of the

latter gentleman had been proved to be right

by the results of three years' working, how
is it, we may ask, that the engineers of other

companies have not followed his example or

endorsed his practice by adopting his typical

engine and carriages ? The fact that they

have not, is the best possible proof that Mr.
Fowler made a great mistake when he de-

signed his standard rolling stock for the

underground railway.

"We do not propose here to say anything

more of the methods adopted by the Midland
and G-reat Northern Railway in working

their metropolitan traffic. We shall confine

our attention to the new engines and car-

riages used by the Great Western Railway

Company in working their local traffic be-

tween Windsor, Ealing, &c, and Moorgate
street, since the abandonment of the broad

gauge between Bishop's road and the City.

The engines resemble those used by the

Midland Company in working their nietro-

politan traffic, but they are rather smaller,

and certainly more elegant. They have

flush boilers with a very small central dome,

a pair of side tanks, and a condensing ar-

rangement very similar to that used in the

standard engines. They have six wheels,

four of them being coupled, and inside cyl-

inders. These engines weigh full, one with

another, as nearly as possible 32^ tons, or

from 11 to 12 tons less than Mr. Fowler's

engines. The average train drawn consists

of six light carriages, but this in no way rep-

resents the capacity of the engines. In the

early part of the day the trains are much
longer ; and on several occasions fourteen

carriages have been taken from Windsor to

Paddington, a distance of about eighteen

miles, in a little over twenty minutes. We
have carefully timed these engines when get-

ting away with their trains, and found them
to be quite as expeditious as Mr. Fowler's

engines, perhaps a little more so. In every

respect their performance is most satisfac-

tory. We have, then, in few words, the

Great Western Railway Company doing the

same work that the Metropolitan Railway
Company are doing, with a dead weight less

at least by 25 tons per train, if we assume
ten of the Great Western carriages to carry

only as many as five of the Metropolitan

carriages.

It remains, of course, to be seen how the

Great Western light stock will work out in

continuous practice ; so far, it leaves nothing

to be desired. The carriages, though small,

are lofty and comfortable ; they are not as

yet disfigured by hideous advertisements

;

perfect time is kept, and a carriage or two
being easily added or taken off, as may be

necessary, the trains are, as a rule, fairly

filled, without being overcrowded. If Mr.
Fowler's method of working metropolitan

traffic can be made to pay—and it is—then

much more should the Great Western system

pay. In the case of the engines alone, the

cost of transmitting each ton of dead weight

from place to place cannot be much less than

2d. per ton per mile. Taking the very mod-
erate estimate of 20,000 miles as the dis-

tance run each year by each engine, we have

a saving on 12 tons less in the Great West-
ern engines, as compared with the standard

Metropolitan engines, of £166 per engine

per annum, or for the Metropolitan Railway
Company, with 36 engines, a saving of, in

round numbers, £6,000 per annum ; while,

if we regard the smaller weight of the car-

riages, and the increased durability of the

permanent way, due to the use of light roll-

ing-stock instead of heavy, we shall find that

the saving may possibly reach double the

sum we have named.

CAST-IRON FORTS.

From •' Engineering."

In these days of Shoeburyness trials, when
almost every conceivable combination of iron

and steel capable of forming a target has

been subjected to hammering by shot and

shell, with more or less satisfactory or un-

satisfactory results, it is something to come

across the proposal of a really novel, and at

the same time promising, system of fort con-

struction. We have had shields formed en-

tirely of wrought iron, shields of iron with

wooden backing, shields of iron and steel,

granite casemates with iron shields, and a

host of other devices, and now we have Mr.

Thomas R. Crampton's proposal to make
forts of cast iron. Not a very promising
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material some of our readers will say ; and

we must own that except it be employed in

the way Mr. Crampton proposes, they are

right. The proposal to use east iron as a

material for constructing shields or defences

is not new, and Mr. Crampton lays no claim

to it ; but what he does claim is the plan of

constructing forts by casting them in situ,

either in one single piece or in blocks of

large size, each weighing not less than 200

tons or so. Forts thus constructed would
afford very different resisting powers to de-

fences built of cast-iron blocks weighing

three or four tons each, such as have been in

some cases proposed ; and although we have

no data from which we could calculate what
the resisting power of such massive blocks

as Mr. Crampton proposes to use would be,

we are, we think, justified in stating that the

system is worthy of a trial.

That there would be no great practical

difficulty in constructing such forts is cer-

tain. The process would be merely an ex-

tension of that which has been so successfully

carried out by Mr. Ireland in a number of

instances, when large anvil blocks have had

to be cast. All that would be requisite

would be to prepare the necessary founda-

tions, and construct in situ a mould of the

required form, this mould being either made
of brickwork, or of a combination of brick-

work and iron framing, according to the

circumstances of the case. Around the

mould would be arranged, in convenient posi-

tions, a series of cupola furnaces, the number
of these furnaces being regulated by the

size of the casting to be produced and the

time allowed for completing the operation.

Mr. Ireland has, as we have said, produced

a number of large castings by a similar

method, and about eighteen months ago {vide

page 496 of our fourth volume) we described

the casting in this way of an anvil block

weighing 210 tons at the Bolton Iron and
Steel Works. The metal for this block was
run from two cupolas in 8| hours actual work-

ing time, and the casting proved perfectly suc-

cessful. Judging from the experience al-

ready gained, there appears to be practically

no limit to the size of the castings which can

be produced on this system, and we feel

certain that Mr. Crampton would have no
difficulty in casting his forts, as he proposes,

in solid blocks, weighing 5,000 tons or so, if

occasion should require it.

We have said that we have no data as to

the resistance to shot afforded by cast iron in

large masses ; but we are inclined to think

that it would be satisfactory. Mr. Cramp-
ton, however, does not confine his plan to the

application of cast iron alone ; but he states

that the metal may be strengthened by melt-

ing up scrap iron with it, or in some cases

the castings may be formed of steel or iron

produced by the Bessemer process. Whether
it would be possible to apply the Bessemer
process to the satisfactory production of such

gigantic masses we cannot say, but we have
no doubt about the possibility of producing
them in plain cast or toughened cast iron.

In the case of the cast-iron forts being of

such form as to require portholes, Mr. Cramp-
ton proposes to guard each opening by the

insertion in the casting of a massive block

of wrought iron or steel of suitable form.

As for the expense of constructing such

forts as we have above described, Mr. Cramp-
ton estimates that a cast-iron structure might
be made six or seven times the thickness of

a built-up wrought-iron structure of the

same total cost ; and considering the high

price of heavy wrought-iron armor plates,

we do not think that this estimate is an un-

reasonable one. All events, we think that

our government authorities might do many
worse things than test the effect of shot and
shell on a 200-ton block of cast iron.

LIQUID FUEL IN METALLURGY.
From the " Mechanics' Magazine."

The advantages of liquid fuel, when pro-

perly used, over coal, for steam purposes,

have long since been fully demonstrated, and

they stand unquestioned. Hitherto, the en-

deavors to utilize mineral oils have been

chiefly confined to the furnaces of boilers

;

but now we have another eminently success-

ful application of the oil furnace to metal-

lurgical purposes. Our readers can hardly

have forgotten the successful trip of the
" Retriever," a steam ship of 500 tons bur-

den, which was fitted xip on the system of

oil furnace invented by Mr. Dorsett, of

London.* This system consists in burning

in the furnace the vapor of creosote, which

is produced in an auxiliary boiler. Having
established the success of the principle in

one direction, Mr. Dorsett conceived the

idea of utilizing it in another—that of heat-

ing iron plates for bending. The idea was

first put into execution about four months

since, when Mr. Dorsett obtained permis-

sion to apply his system of burning liquid

* Van Nostrand's Magazine, No. 1, p. 57.
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fuel to a plate-burning furnace in "Woolwich

Dockyard. This was for plates of the ordi-

nary thicknesses used in iron shipbuilding,

and the results were so satisfactory that the

authorities directed the principle to be ap-

plied to an ordinary plate-bending furnace

and to an armor-plate furnace in Chatham
Dockyard. It is to the latter of these we
wish to direct special attention, as being

a great triumph of the Dorsett principle of

burning liquid fuel.

Under ordinary circumstances, the armor-

plate bending furnace is lighted from four

to five hours before the plate is placed in it.

The time occupied in heating the plate for

bending depends upon its thickness—one

hour per inch of thickness being allowed.

Taking, then, a 6-inch plate—as upon the

present occasion—we get from ten to eleven

hours from the time of starting before the

plate is ready for bending. Let us now see

what the liquid fuel will do. Upon our

visit to Chatham, the cold furnace was light-

ed, and after an hour was deemed sufficiently

heated. A 6-inch armor-plate, 7 ft. 6 in. long

by 3 ft. wide, was then consigned to the fur-

nace, and after an hour and a-half was

drawn out thoroughly heated and ready for

bending. Thus, in two hours and a-half we
have the work of ten or eleven hours com-

pletely and satisfactorily performed. Nor
is this all ; the advantages of the system do

not stop here. The plate was remarkably

free from scale, which can only be accounted

for by the absence of the deteriorating influ-

ence of the products of combustion in the

ordinary furnace. Another valuable result

arises from this same cause ; thinner plates,

when heated by liquid fuel and bent double,

show no signs of cracking, as they usually

do when they have been heated in the coal

furnace. This important feature is reck-

oned to save ten shillings per ton on the

metal, which amount it would lose in value

by deterioration under the ordinary method
of treatment. The vaporized creosote is

supplied to the furnace under notice from

the generator by six jets, which are led in

through small openings, by which means
also just a sufficient quantity of atmospheric

air is admitted to support combustion. This

method of supplying the heat also offers

another advantage ; it can be applied to the

whole or any portion of the plate. Thus,

if a plate requires to be bent at one end

only, then the heat is directed to that part.

Further, the rate at which the metal is

heated can be regulated to a nicety by either

increasing or diminishing the number of

jets. The consumption of oil at Chatham
is 108 gallons per furnace per day.

Close beside the armor-plate furnace is

another one for heating thinner plates, and
which has been regularly at work for some
time past. It is heated by four jets, and is

supplied from the same generator as the

larger one, and which is placed between the

two. On the occasion of our visit some half-

inch plates were being heated and bent to

various templates. The average time occu-

pied in heating was seven minutes ; with
the ordinary furnace it takes from twelve to

fifteen minutes for each plate. As already
stated, the heating of the 6-inch plate was
only experimental and preparatory to a reg-

ular course of practical work which is about
to commence. But it was an eminently
successful experiment, and, moreover, was
not the first made in the same furnace. The
plate in question had been through the same
process three times previously, although its

clean, smooth surface would not have led to

that supposition, for it had the appearance
of having had nothing done to it since it

left the rolls. The future work of the fur-

nace will consist in heating the armor-plates

for bending for the " Sultan," a vessel of

5,226 tons burden, now constructing. In
this furnace we have another practical evi-

dence of the value of liquid fuel when util-

ized in the form of vapor. In its working
we have some of the most remarkable and
unlooked-for results, which, while they fully

satisfy us for the present, only lead us to

expect further and even more important im-

provements in the application of the system.

The Bessemer Steel Works at Trot.
—The two-ton plant of Messrs. John A.

Griswold & Co. is in constant operation,

producing some 300 tons of rail ingots per

month. The walls and machinery of the

new five-ton plant (to replace that destroyed

by fire in October last) are nearly complet-

ed, upon an enlarged plan. The roofs, fur-

naces and smaller machinery, are yet to be

placed. The new blowing engine, the largest

in this country, is nearly ready to run. This

company are prepared to take orders for rails

for spring delivery, and will be able to exe-

cute them upon the completion of the new
plant this fall, at the rate of 1,800 to 2,000

tons per month. They are also prepared to

furnish rolled bars and shapes in steel, having

erected a heavy mill for this special purpose.
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ON RIVETS AND RIVETING.

BY MARTIN BALCKE.

Translated for Van Nostrand's Magazine from Polyt.

Centralblalt.

The following remarks do not refer to riv-

eting for the purpose of merely uniting two

parts of machinery or two sheets of iron, but

they apply to rivetings which require a high-

er degree of strength and solidity, as, for

instance, for boilers and working parts of

machines. It is a general rule for all con-

structions, especially for those in iron, to

distribute the strain which has to be with-

stood by a certain part of a machine, as

evenly as possible over the solid mass of the

said part. This rule is also very important

in the use and arrangement of rivets. The
simplest and safest way to carry out this rule

is to calculate directly the areas of the

working sections, and to see that the strain

which acts on any part of a section, does not

exceed certain limits generally conceded to

the respective materials. This is the way,

also to avoid the use of empirical formulae,

the most important coefficients of which are

always dictated by the personal opinions and
notions of their authors.

The force necessary to tear a wrought iron

bar of a certain section, is so nearly equal to

that required for cutting or shearing the bar,

that both may be considered as equal in cal-

culations, for practical purposes. The limit

of elasticity of soft wrought iron, as general-

ly used for rivets, is at a pressure of about

18,000 lb. on the square inch. With boilers

the strain of tension per square inch of sec-

tion of the material, ought not to reach

9,000 lb. ; because continued heating and
long use weakens the material considerably.

In the construction of stationary boilers, one

square inch of section, taken through the riv-

eting, ought generally not to be strained

above 12,000 lb. But if a riveted part of a

machine has to sustain a strain acting alter-

nately in two different and opposite direc-

tions, this strain should never exceed 2,000
lb. per square inch of section.

If a quite uniform distribution of the

strain over all the sections cannot practically

be obtained, at least the tension of the sec-

tions which are exposed to the highest strains

ought to be kept within the above-mentioned
limits.

The shape of the head of a rivet is depend-
ent on the kind of strain to which the rivet

is subjected. This strain can have the tend-

ency of tearing or of shearing the rivet, or of

Vol. I—No. 7.—40.

both simultaneously. If a rivet has to with-

stand a tearing strain, the height of its head
must be such that the cylindrical surface

which would make its appearance when the

head of the rivet would be stripped off, is

equal to the area of a cross-section through

the rivet. If we denote the height of the

head by the letter h, we obtain the equation

:

%r it X h = r
2

77,

which gives us

—

.

h = Jf
that is, the height of the head has to be one-

half of the radius, or one-fourth of the dia-

meter of the rivet.

Practical experiments on the strength of

rivets have come to the same result, and
have besides shown very distinctly that the

rivet-holes should never have sharp edges,

and that the head of a rivet ought to be con-

nected with the shaft by a conical part.

Whenever this part is omitted,' and when,

consequently, the rivets have sharp corners

below their heads and the rivet-holes sharp

edges, the rivets break close to the head,

when subjected to a strain of tension and
when the heads are strong enough not to be

stripped off. When, on the contrary, the

rivets have a conical connecting part between

their heads and shafts, they extend consider-

ably before they break, and the rupture

finally occurs in the middle of the shafts.

All experiments have given this result with-

out exception.

Rivets subjected to a shearing strain only,

would theoretically not require any head at

all. But it is good, also, in this case to

make the heads of the rivets as high as above

determined, because generally a close con-

tact of the riveted parts is desirable, and

because the rivets, being set in red-hot, have

to resist the strain of tension produced by
their contraction in cooling.

If the heads of rivets have to be counter-

sunk, their best shape is that of a truncated

cone, the angle at the point of which cone

would be of 75 deg.

The sectional area of the shaft of a rivet;

expressed in square inches, is found by divid-

ing the actual and total strain on the rivet,

by the strain practically admissible on the

square inch of the respective material.

We will now examine the riveting of sim-

ple round boilers. We designate by D the

diameter of the boiler, by P the steam pres-

sure per square inch, by t the distance be-

tween the rivets, by p the shearing strain on
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every rivet in the length-row. Thus the

strain to -which the boiler is exposed on

every rivet-distance of its length, is express-

ed by D X t X P> a^d as this strain is

divided on the two opposite sides of the boiler,

we obtain the formula for the shearing strain

on a rivet

:

D X *X P
9 2

The strain on a rivet-distance of the rows

round the boiler, is measured by a triangle

whose base would be the rivet-distance, and
whose height the radius of the boiler. Con-
sequently the strain on every rivet of the

rows round the boiler is expressed by the

formula

—

dx*xp
9 4

Now, to obtain an even distribution of the

total pressure in the boiler over all its sec-

tions, the sectional area of a rivet has to be

equal to the sectional area of the plate be-

tween two rivet-holes, and equal also to the

double area of a section through the plate,

from a rivet-hole to the edge. If we call a
the thickness of the plate, d the diameter,

and q the sectional area of a rivet, we obtain

the formula

—

q = (t — d) .a, or t + d,

from which we conclude that the rivet-dis-

tance is dependent on the diameter of the

rivets, and, reciprocally, the diameter on the

distance. To determine these, it is neces-

sary to take into consideration the possibil-

ity of making and keeping the boiler tight,

which possibility depends principally on the

relation between the thickness of the plate

and the rivet-distance. Let us consider a

special case to explain this more fully. We
suppose a simple cylindrical boiler to have a

diameter D = 42 in.; the thickness of the

plate, a == 0.3 in.; the excess of the steam
pressure over the atmospheric pressure, P =
42 lb. Under these conditions the strain of

tension per square inch of plate-section, tak-

en parallel to the axis of the boiler, is

—

D
2
X px4 = 21 X 42

0.3
= 2,940 lb.

In taking the areas of the rivet-sections

equal to those of the plate-sections contained

between two rivet-holes, according to the

above rule, and in calculating the following

items for three different rivet-diameters, for

the sake of comparison, we find

—

The rivet-diameter being . . | in. ^ in. {[ in.

Area of rivet-section (sq. in.), g— 0.307 0.442 0.601
Distance between rivets (inches),

t=V--\-d =1.648 2.22 2.878
a

Shearing strain on a rivet (lbs.),

p= B Xt X P .... =1,4531,9592,538

Strain per square inch on a section
through the plate, or through
the rivets in the length-rows of

the boiler (lbs.) =_ P 4,730 4,430 4,220

[The shearing strain on rivets
and the strain per square inch of
section in the rivet-rows round the
boiler, are one-half of those in the
length-rows.]
The strength of the riveting com-
pared to the strength of the sim-

ple plate = . , = 0.62 0.66 0.70

The advantages and disadvantages of the

one or other of the chosen rivet-diameters

are clearly shown by these tables. The §
inch rivets produce a very small comparative
strength of the riveting (0.62). The | inch
riveting has a great comparative strength

;

but the distance between the rivets (2.878
in.) is too large in proportion to the thick-

ness of the plate, to allow of a good and safe

tightening of the joints. The § inch rivets,

not showing either of the two mentioned
disadvantages in a considerable degree, are

evidently the best in this special case.

S.

THE STEAM CARRIAGE SYSTEM.
From " Engineering."

So much has been said and, we may add,

so much has been written, at various times

during the past twenty years respecting the

system of working railways by steam car-

riages, that the subject is apt to be regarded

as somewhat a threadbare one. To a certain

extent it may no doubt justly be so regarded
;

but, we think, to a certain extent only ; and
we believe that the steam carriage system is

yet destined to receive far more attention

from railway engineers than has hitherto

been vouch-safed to it. And there are sev-

eral reasons why this should be the case.

In the first place there can be no doubt that,

in the passenger-carrying stock of the present

day, the amount of dead weight bears far too

great a proportion to the paying load carried
;

and, secondly, railway proprietors have be-

come cognizant of this fact, and not being

rendered complacent by the receipt of enor-

mous dividends are disposed to listen fair-

ly to the arguments of those who advocate

reasonable improvements in railway work-



VAN NOSTRAND'S ENGINEERING MAGAZINE. 595

ing. There are moreover, other reasons be-

sides these—as we shall point out presently

—

why the steam carriage system is likely to

receive a more extended trial than it has yet

had.

The opponents of the steam carriage

system state, as one of their strongest argu-

ments against it, that it was tried twenty

years ago and failed—or at least if it did

not fail utterly, that it was abandoned be-

cause it was found that it did not satisfy the

requirements of railway working. That the

steam carriage system was tried and aban-

doned is undeniable ; but it is well worth
while to inquire more closely into the reasons

for its abandonment, and see whether they

would apply in the present day. It is

acknowledged even by the opponents of the

system—or at all events by all those

whose opinion is of any great value—that the

running expenses of the steam carriages

formerly tried were low, that the carriages

did not lack adhesion or tractive power,

and that they ran steadily at high speeds
;

and it is therefore not to a want of these

qualifications that we are to look as a reason

for their disuse. Twenty years is a very

long period in the history of railways, and
very many important changes have taken

place since Mr. William Bridges Adams's
steam carriage " Fairfield " was set to work
on a branch of the Bristol and Exeter Bail-

way, and Mr. Samuel ran the "Enfield"
on the Great Eastern—then the Eastern

Counties,—line. At that time the aver-

age weights of locomotives and carriages

were only about two-thirds what they are

now, and the proportional reduction of

dead weight effected by the steam carriage

system was consequently far less than it

would be at the present day. The early

steam carriages, also, although reflecting

great credit on their designers, had one very

important practical defect, this being, that the

engine proper and the part affording accom-
modation for passengers formed a single in-

divisible vehicle, and, as a necessary con-

sequence, the carriage was exposed to the

dirt and smoke generally to be found in an
engine shed. The early steam carriages

were also wanting in flexibility, as, although
they wex-e fitted with a contrivance of Mr.
Adams's for allowing a certain amount of

lateral motion to one of the axles, yet they
were not adapted for traversing sharp curves,

and their length was necessarily limited. In
recent designs, such as that of Mr. Fairlie,

lately illustrated in our pages, both these

defects have been remedied ; such a system

of construction being adopted that the pas-

senger carrying portion may be readily de-

tached from that furnishing the motive

power, and may thus be housed separately,

whilst the double bogie system gives perfect

facility for traversing curves.

Again, the whole essence of steam carriage

construction lies in effecting every possible

saving of dead weight ; and there are now
opportunities of effecting such saving which
either did not exist or were not recognised

twenty years ago. The use of steel, for

instance, as a constructive material, has only

become common, or, indeed, possible, during

the last few years ; and our steam fire-engines

and the launch engines made by our leading

firms of marine engineers show its usefulness

in light engine construction. It is in fact

by the employment of steel for boilers, con-

necting and piston-rods, pistons, axles, tyres,

frames, and other details, that the principal

reduction in the weight of steam carriages

is likely to be effected- The saving of

weight in each detail may doubtless be small,

but the aggregate of such savings becomes
something considerable. Then, again, it is

not so very long since such pressures as 140
lb. or even 160 lb. per square inch now car-

ried in many locomotive boilers were unknown
in railway practice ; and, as a necessary con-

sequence, no advantage was taken in the

earlier steam carriages of the reduction in

weight of boilers and cylinders, which the

adoption of such pressures renders possible.

So far we have only spoken of what we
may term the constructive advantages likely

to be possessed by the staem carriages of the

present day over those of twenty years ago

;

but we must now regard the question of

their introduction from an entirely different

point of view. At the time when steam

carriages were experimented upon, our rail-

way system, as a whole, differed materially

from that which we possess now, and still

more materially from that which we are

likely to possess before many years have

elapsed. Twenty years ago the construction

of a railway was looked upon as an import-

ant work, nowadays railways may almost be

said to be manufactured, and the opening of a

new line, unless it be one of exceptional im-

portance, receives little more attention than

the completion of a new street or roadways

Twenty years ago, when the total mileage of

the railways of the United Kingdom was
only about one-third of the present amount,

branch lines formed a comparatively unini-
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portant part of the general system, and light

surface lines, serving small country towns

and villages, were unheard of. At the pres-

ent time, on the contrary, we have branch

lines innumerable, and the question of how
best to work branch line traffic has become
one of the most important problems with

which railway men have to deal ; whilst be-

fore many years have elapsed the necessities

of the country will demand the addition to

our present system of hundreds of miles of

light railways following as closely as possible

the surface of the country traversed by them,

or in many instances constructed along roads

already existing—railways which it will be

impossible to work economically with the

engines and carriages at present in use, and

which will, therefore, have to have special

passenger-carrying stock designed for them.

Now, it appears to us that in the numerous
branch lines of the present day, and the

probably still more numerous light surface

lines and tramways of the future, there is an

immense field for the employment of steam
carriages, which had practically no existence

when those carriages were tried twenty years

ago ; while even on our main lines there are,

as we have on previous occasions pointed out

in this journal, certain circumstances under
their use which would be advantageous. We
believe that the advantages of steam carriages

would be more universally recognised if they

were not so very generally regarded as some-
thing entirely distinct from ordinary rolling

stock. A steam carriage is in reality no-

thing more nor less than a very light

train and very light engine combined, and it

should be regarded as a combination of this

kind, and nothing else. But, it may be said,

why not employ, in place of a steam carriage,

a light carriage or carriages, of the ordinary

form, drawn by an engine, also of the ordinary

pattern, but of light construction ? At first

sight it may appear that such light rolling-

stock would possess all the advantages of

steam carriages, and obviate some of their

disadvantages ; and, theoretically, this is, no
doubt, the case. Practically, however, the

construction of very light locomotives of the

ordinary pattern involves many difficulties,

and we do not hesitate to affirm that no in-

dependent locomotive, capable of drawing
loads of, say, 30 tons or so over lines having
moderate gradients, and capable also of be-

ing run steadily at speeds of 30 or 40 miles

per hour, could be constructed with such a
small amount of dead weight as an engine
forming part of a well-designed steam car-

riage. With an independent locomotive, also,

the weight available for adhesion is limited
to that of the engine itself; with the steam
carriage the adhesion weight can be increased

by imposing upon the wheels a portion of the
load drawn—an important difference.

Taking, then, all the bearings of the ques-
tion into consideration, it appears to us, first,

that steam carriages may now be constructed

which will fulfill the requirements of the
traffic for which they are intended far more
perfectly than those formerly tried ; and,
secondly, that there is at present a vast field

for the employment of such carriages, both
here and abroad, which did not formerly
exist. Such a steam carriage, for instance, as

that of Mr. Fairlie,* would work the passen-

ger traffic on any of the Welsh lines at what,
we believe, would be found to be but a small
portion of the cost involved under the system
at present adopted. This being the case we
are glad to find that a company has been form-
ed—under the title of the Railway Working
Association—to bring, amongst other mat-
ters, steam carriages fairly before the rail-

way public. The company which consists of

but a few members, includes several engineers

well known for their experience 'in railway

making and working, as well a_s other en-

gineers of acknowledged standing in their

profession ; and it has purchased the whole
of Mr. Fairlie's patents with a view to the

introduction, both here and abroad, of roll-

ing stock constructed on that gentleman's

plans, and particularly of his steam-carriage

system, of which we have lately had occasion

to speak in very favorable ternis. It is pro-

posed by the company to, in the first instance,

place these carriages on one or more of

our English lines, and maintain them for a

certain percentage of the receipts, so that

their capabilities may be fairly and publicly

tested. At first we believe that it is intend-

ed to employ the steam carriages for branch
traffic, but subsequently the system may
probably be extended. The company also

propose to lease and work railways, and
tramways, and let locomotives and rolling

stock, and we do not doubt that they will

find full scope for their operations.
—

:

\[ew Method of Steam Generation.—
JLl Some notable results have lately been
obtained by means of the circulation of a

stream of mercury in a coil of pipe. The
lower end of the coil receives the heat, while

the upper end distributes it to the water.

* See Van Nostrand's Magazine, No. 5, page 401.
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THE MEASURE OF POWER AND FORCE.

Professor Henry F. Walling of La Fayette

College, in referring to an article on this

subject published in the " Chemical News."*
asserts that the expressions MV and MV 2

are both proper, but independent measures

of force ; and discusses the subject as fol-

lows :

—

We may avoid all confusion in this

matter by adopting the modern expedient of

giving different names to the same agent, in

considering the different effects which it

causes. If we define force to be that which,

when associated with matter, causes it to

move, the appropriate measure of quantity

offorce is "quantity of motion" or momentum,
represented by MV ; but when we consider

the work which is performed, or to be per-

formed, we find it convenient to use a unit of

measurement entirely different in its nature

from that of quantity of force or motion;

and when measured by this unit, we term

the acting cause "power" or '•'•energy.'''' The
performance of work may be generally de-

fined as the moving of bodies, or parts of

bodies, through certain definite spaces,

against continuous "resistances," or opposing

forces. It may be represented in the form

of an equation, thus—P =ps, proportional

to MV 2
, in which P represents the quantity

of power or energy
; p, the continuous pres-

sure, or its equal, the resistance ; and s, the

distance passed through.

If any doubt should arise as to which

measure is the proper one to make use of,

we have only to ask ourselves what kind of

effects are to be taken into consideration.

In all the operations in which muscular

power or motive power of any kind, acting

through machinery, is concerned, space effects

are what we have to do with—that is, we
have to estimate the spaces through which
matter is moved against opposing force ; and
ps, or its equivalent, MV 2

, becomes the con-

venient and proper measure. On the other

hand, when we consider the effect of a uni-

formly acting force like terrestrial gravity

(within narrow limits), in giving motion to

a body freely acted upon, we see that the

force which becomes associated will be direct-

ly as the time—that is, equal increments of

force will be added in equal times ; and
since we find that equal increments of velo-

city are also added, we have F =ft, propor-

tional to MV : F representing the entire

•See Van Nostrand's Magazine, No. 3, Page 275.

associated force
; f, the force developed in a

unit of time ; and t, the time.

In applying these principles to any
"question in mechanics"—that of the rail-

way-train, for instance—it is only necessary

to state the question clearly, and its answer
is easily given. There are circumstances

attending the motion of the train which
tend to complicate the solution of the pro-

blem, namely, the resistance of the air,

friction, etc. Frictional resistance is a con-

squence of motion imparted to molecules,

by which their heat is augmented ; the

resistance of the air is simply due to its

inertia, and thus a large part of the power
of the locomotive is consumed in space

effects upon the air, and the atoms or mole-

cules of the rails, wheels, axles, etc. Having
no exact means of determining the aggregate

amount of these motions, we can only as-

certain it by actual experiment.

We may, however, simplify the question

by supposing the rails to have just sufficient

inclination downwards in all parts of the

train's progress to exactly balance the ex-

ternal resistances above mentioned. If, now,
you would know the moving force required

to give the train a certain velocity, it is

clearly measured by MV, as shown in the

previous editorial article ; but if you wish
to estimate the ivork done in giving it this

velocity, or the work the moving train is

capable of doing, if rendered independent
of the locomotive, as the distance on a level,

or up an inclined plane, it will move against

a constant resistance, this quantity must be
measured in units of its own kind—that is,

of ps, proportional to MV 2
.

In estimating the amount of coal which
must be consumed to perform a certain

amount of work, we may suppose that the

effect is due to the falling together of the

atoms of carbon and oxygen, increasing

the molecular motion or heat of the com-
pound atoms of carbonic acid thus formed.

This motion is transferred to the aqueous
molecules, converting them into steam ; the

molecular motion of the steam imparts mo-
tion to the piston of the locomotive, and,

finally, to the train itself. The sum of all

the atomic weights, or rather attractions,

multiplied by the distance through which
the atoms have fallen, is the amount of

work which they are capable of doing.

—

Hence the power thus generated is measured
in units of ps, and is in direct proportion to

the quantity of coal consumed.

We perceive, to sum up, that while MV
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is the true measure of pure force, as an

abstract quantity, ps or MV a
is the proper

measure for power to perform all mechanical

operations.

The New English Turret Ships.—
The House of Commons has recently

decided, by a majority of seventy-six votes,

that England wants three new men-of-war

;

and that the best form which these men-of-

war could assume was that of turret ships,

each 4,400 tons burden, 285 ft. long, draw-
ing 25 ft. 9 in. forward, and 26 ft. 6 in. aft,

propelled by twin screw engines, nominally
of 800 horse power, and carrying 1,750
tons of coal, assumed to be sufficient for

ten days' consumption at twelve and a half

knots—the maximum speed to be attained

—eighteen days' consumption at ten knots,

and twenty-five to thirty days' consumption
"at a low rate of speed," a slightly in-

definite parliamentary phrase. The ships

are to have no masts, and will each carry

two turrets, and two twenty-five ton guns
mounted in each turret. The freeboard of

these vessels is to be 4^ ft. only. The bases

of the turrets are to be protected by a

heavily armored breastwork, 7 ft. high.

The guns will be raised above the water 13

ft. 2 in., and will fire over the breastwork.

The cut, which we take from " The Engi-

neer," is rather a sketch than a working

drawing, but shows the general design.

These vessels are criticized by some author-

ities, and approved by others. They will

undoubtedly prove useful and efficient, es-

pecially in the steam engineering depart-

ment, and their adoption shows the growing
appreciation not only of the turret, but of

the Ericsson system.

ON THE CENTRIFUGAL FORCE OF RO-

TATING SHAFTS.

By W. J. Macquorn Rankine, C.E., LL.D., F.R.S.

From " The Engineer."

1. Object of this Communication.—The
object of this communication is to explain

in a form suitable for practical application,

the results of a mathematical investigation

of the action of the centrifugal force in long

lines of shafting; an action of which no
similar investigation has, to my knowledge,

been hitherto published ; although it is one
which may seriously affect the strength,

durability, and economical working of ma-
chinery.

2. Centrifugal whirling described gene-

rally.—In Fig. 1, let A and B represent

bearings at the two ends of a rotating shaft,

and A B its axis of rotation. Any small

deflection of the center line of the shaft from

the axis A B gives rise on the one hand to

centrifugal force, tending to make the de-

flection become greater, and on the other

hand to an elastic stress, resisting the de-

flection, and tending to straighten the cen-

ter line again. The resistance to deflection

may be shortly called the stiffness. For
very small deflections, the centrifugal force

and the stiffness both increase according to

the same law, being both sensibly propor-

tional to the deflection- simply ; hence which-

ever of them is the greater for an indefi-

nitely small deflection, continues to be the

greater until some deflection is reached

which causes a sufficient difference between
their laws of variation. The consequence

is, that if for an indefinitely small deflection

the centrifugal force is equal to or greater

than the stiffness, the shaft must go on per-

manently whirling round in a bent form, as

shown by the curves A D B, A d B, to the

injury of itself and of the adjoining ma-
chinery and framing : a kind of motion

which may be called centrifugal whirling.

On the other hand, if for an indefinitely

small deflection the stiffness is greater than

the centrifugal force, centrifugal whirling is

impossible.
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Fig. 2 repre-

sents by the cur-

ves E Gr, E g, the

centrifugal whirl-

ing of an over-

hanging end of a

shaft, the direc-

tion of whose axis

of rotation E F is

fixed by the bear-

ing at E.

For a shaft of a

given length, dia-

meter, and mate-
rial, there is a

limit of speed,

and for a shaft of

a given diameter

and material,
turning at a given

speed, there is a

limit of length,

below which cen-

trifugal whirling is impossible.

3. General Nature of the Investigation.—
The mathematical expression of the condi-

tions of the problem leads to a linear differ-

ential equation of the fourth order, integra-

ble by means of circular and exponential

functions. The integrals are (as might have
been expected) identical in form with those

obtained by Poisson in his investigation of

the transverse vibrations of elastic rods

(Traite de Mecanique^ vol. ii., § 528) ; and
some of the numerical results calculated by
Poisson are applicable to the present prob-

lem. The relation between the limits of

length and of speed depends on the way in

which the shaft is supported. The only two
cases which will here be given are those re-

presented in Figs. 1 and 2, viz., the shaft

supported on two bearings at its ends, and
the overhanging shaft with one end fixed in

direction. The general equations, however,
enable the problem to be solved for an in-

definite number of different ways of sup-

porting the shaft.

4. Formula.—Let g denote gravity (
=

32.2 ft., or 9.81 meters per second); H, the

modulus of elasticity of the material, ex-

pressed in units of height of itself (say

about 8,000,000 ft,, or 2,400,000 meters for

wrought iron) ; r, the square of the radius
of gyration of the cross section of the shaft

about its neutral axis (= j
—- for a

cylindrical shaft ; T/rn f°r a square

shaft, etc.) and a, the angular velocity of

rotation (= 2tt X number of turns per se-

cond). Calculate a certain length, b, as

follows

:

>=my. $
Then the limit of length, I, below which
centrifugal whirling is impossible, bears a

ratio to b, depending on the manner in

which the shaft is supported, for example

:

Shaft supported at the ends,

= 3.1416 5 |
(2)

Shaft overhanging ; direction of one end
fixed, Z=0.595tt6) ,q ,

= 1.87 5 \

(o)

In practical calculations it may be conve-

s A
nient to put instead of -Ar, —^ ; where n is

ar n2

the number of revolutions per second, and

A = j^-
2 (=0.815 ft., or 0.248 meter, near-

er 7T
x

ly) is the altitude of a revolving pendulum
which makes one revolution in a second.

This gives for the value of b,

ysp^>
.

• %
It is obvious that r should be expressed in

the same units of measure with H and A

;

for example, in feet, if they are expressed

in feet.

The inverse formulae, for the limit of

speed below which centrifugal whirling is

impossible in a shaft of a given length, Z,

are of course as follows : Make b= 0.3183/

for a shaft supported at the two ends . . (5)

or b = 0.5347/ for an overhanging shaft, (6)

then the limit of speed, in revolutions per

second is

n =—^ ....(/)
The following are approximate values of

H A, and its square root and fourth root,

for British and French measures :

HA VHA (HA)i
Feet, . . 6,520,000 25,500 160

Meters, . 595,000 7,700 88

5. Shaft with additional Load.—An addi-

tional mass turning along with the shaft,

such as a pulley, has little effect on the cen-

trifugal force when it is in the usual posi-

tion—that is, close to or near to a bearing.

The effect of an additional rotating load

distributed uniformly along the shaft may
be allowed for by diminishing the height,

H, of the modulus of elasticity in the same
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proportion in which the weight of the shaft

itself is less than the gross load.

The effect of an additional rotating load

at a point not near a bearing has not yet

been investigated. The problem is capable

of solution by means of the general inte-

grals already known ; but it is not of much
practical importance ; for when a shaft is so

long and so rapid in its rotation as to re-

quire precautions against centrifugal whirl-

ing, the first precaution is to avoid loading

it with rotating masses which are not very

near the bearings.
Glasgow University, April 2, 1869.

CONSERVATIVE ENGINEERING.
From " The Engineer."

Some twelve months since a pair of very

handsome Corliss engines were put to work
at Woolwich Arsenal. These engines have

26 in. cylinders or thereabouts, and are got

up in a style which leaves nothing to be de-

sired. They may be taken as types of the

most advanced practice of the day and as

such we speak of them here. From records

carefully kept it appears that their average

consumption of very good coal is a little

over 3 lb. per indicated horse-power per

hour. We think most employers of steam

machinery will agree with us that this is a

most excellent performance, very few sta-

tionary engines of moderate dimensions in

our manufacturing districts burning less than

3.5 lb. or 4 lb. of coal per horse-power per

hour. As far back as 1850 it was calcula-

ted that in the cotton factories of Lancashire

the average consumption of coal was between
6 lb. and 7 lb. per indicated horse-power per

hour, consequently, at first sight, the Wool-
wich Corliss engine, taken as a type, shows
that very great improvements have been
made in steam engines during the last twenty

years or so. At the risk of astonishing our

readers we venture to assert that the im-

provement exists more in imagination than

in reality. In other words, steam engines

are now, with certain exceptions, as regards

the consumption of fuel, very much what
they were in the day of James Watt, who
was not quite such a fool as some modern
engineers would have us believe. It would
not be difficult to adduce hundreds of cases

to prove our proposition ; one will perhaps

suffice. Not long since we indicated a small

factory engine constructed by Boulton and
Watt, and started in 1811. Our diagrams
showed that this engine was working to about

one half more than its nominal power. Its

consumption of indifferent slack was little

more than 4-£ lb. per horse-power per hour.

For repairs during the sixty years the engine

has been at work, almost without intermis-

sion, it has cost little or nothing, and it is at

this moment in excellent condition. Here,
then, we have evidence, allowing for the dif-

ference between coal and slack, going to

show that the most improved engines of the

present day are really but 1 lb. of coal per

horse-power per hour better than those built

half a century since. As to durability, when
a steam engine of what is now the modern
type has lasted half a century and is still in

good condition, we shall be happy, if still

living, to admit that work done in 1869 was
at least as good on the whole as that of our

forefathers.

It is the custom with too many feeble-

minded engineers to run down and depreciate

the works of the mighty heads and hands
that have gone before them. The custom is

objectionable, and to be deprecated by every

right-thinking man. We have quoted the

case of the Corliss engine of 1868 versus

the Watt engine of 1811 to show that, as

regards factory engines, at all events, there

is no foundation for the assumption that the

modern engineer has beaten, and always can

beat, his predecessors by an immense dis-

tance ; and nothing would be easier than to

cite hundreds of other examples, selected

from both the civil and mechanical branches

of the profession, all demonstrating the great

truth that the men who have passed away
from among us, not only originated great in-

ventions, but developed them, and gave

them to us so far perfected that we find it

no easy task to improve upon them. He
must be a clever man who can beat James
Watt, or George Stephenson, or Isambard
Brunei on what they made especially their

own ground ; and nothing is, we think, more
unjustifiable than the assertion, but too often

made, that these men and their work will

not bear favorable comparison with the en-

gineers of the present day, and the deeds of

the last dozen years. We have no doubt
whatever that the assertion is based on honest

convictions—if any conviction can be regard-

ed as honest, the reasons for which have not

been thoroughly sifted by those who hold to

them. But this fact has not sufficed to save

many clever men from commercial shipwreck,

or to elevate others from the great mass of

snobs—Thackeray used the word, so we need

not apologise for it—Radicals in mechanical
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science, the first held that all that had gone
before their time must be susceptible of im-

provement ; and disdaining to believe that

engineers of sense and skill had ever lived

till they were born, they launched out into

extravagance, and, enamoured of change
they adopted it for its own sake. For a time

such men dazzle the world, and then they
simply go out, and their place knows them
no more. A little more conservatism of

spirit, a little perception of the great truth

that to change for the sake of changing is

a mistake, a little more faith in the mental
powers of the engineers who have passed

away leaving their works behind them
as everlasting testimonies to their skill,

would have enabled many a modern engineer

to win honor and gold, instead of that dis-

appointment and penury which he has
brought on himself by a reckless neglect of

the teaching of the past.

Let it not be thought that this article is

written without a special purpose, or that it

is based on theoretical considerations. We
write it with the special object of warning
the rising generation of engineers against a

fatal error which young men are but too

willing to fail into. This error consists

simply in holding that little or nothing is to

be learned from the works of the last genera-

tion. Most young mechanical engineers

determine that the moment they get a chance
they will originate something great, or pro-

duce something in steam or general machin-
ery which shall surprise the world. No
greater blunder could be committed. If the

young engineer has talents, he will find in

the works of the past generation much to

admire, something to avoid, and a great deal

to imitate. If he lacks talent, his only
chance of success is to adhere to the beaten
track of precedent. In either case it is

well to bear two facts in mind. The first is,

that there is no more certain road to success

than the power of utilising the experience of

others ; and the second, that innovating on
established practice, is one thing, while ma-
king money is quite another.

"We do not wish to be misunderstood.
While advocating a conservative policy in

engineering, we have no wish to stifle in-

vention, or to bar progress by so much as a
spider's thread. There is still enormous
room for improvement in numberless depart-
ments of engineering, and we wish God
speed to every one who endeavors to effect

it. What we deprecate here is not the true
spirit of improvement, but the false light,

which, taking its rise in ignorance and
vanity, leads men to commit great blunders,

and to ensnare an innocent public in the net

of destruction, yclept a limited company.
Those who honestly determine that they will

improve on what has already been done in

any special branch of the profession, must
begin by learning thoroughly what has been
done, what remains to be done, and what those

who have done part, have thought, and said,

and written upon the subject as a whole. No
true progress can be made in engineering

science by him who treats the works of a past

generation with contempt simply because they
are old ; and as years and experience come
to men they will begin to perceive the truth

of arguments which our younger readers may
feel just a little disposed to pooh pooh. Facts
crop up, indeed, every now and then in a
curious and unexpected kind of way, as, for

example, that which we cited in the first para-

graph of this article, which should suffice to

convince the most sceptical that at least six-

ty years ago engineers might be found in

England quite as clever as any who have
been born since ; and the circumstance con-

veys a very important lesson, by which cer-

tain modern engineers would do well to

profit.

CALCINATION OF IRON ORES. .

From ''' Engineering."

Some months ago we drew attention to the

ovens designed by Mr. Aitkin for this pur-

pose, and gave a general description of their

objects and construction.* Since that time

we have received an account of the results

obtained by the use of these ovens for roast-

ing corbonaceous iron ores, such as black-

band, and those results appear to justify very

fully the opinion we formerly expressed as

to the value of Mr. Aitkin's method.

The trials were commenced at the Almond
Iron-works in Scotland early in 1868. Pre-

viously to that time the average make of the

furnace had been from 515 tons to 720 tons

per month, and the consumption of materials

per ton of pig iron made had been on the

average

:

Coke. Iron Ore. Lime
cwt. cwt. cwt.

27-iV 38 10

Actually the fuel used consisted of about

one-third coke with two-thirds raw coal, and
the corresponding proportion of coke has

* See "Engineering/' vol. vi., pp. 501 and 552.



602 VAN NOSTRAND'S ENGINEERING MAGAZINE.

been calculated on the basis that 1 ton of

coke equals 2 tons of raw coal.

Since the commencement of the trials this

furnace has been worked with coked iron-

stone in the proportion of about 40 per cent.,

and about 60 per cent, of a mixture of one-

sixth of a poor lean blackband, put in

calcined, and of five-sixths clay iron ore,

very difficult to reduce in the furnace, and
sometimes containing as much as 20 per cent.

of silica after calcination.

The coked ironstone has been analysed by
Dr. Penny, who reports it to have the fol-

lowing composition, viz. :

Per cent.

Metallic iron 16.23 == iron 16.23

Protoxide of iron 36.29 = „ 28.06

Peroxide trace.

Sulphide 2.09 1.33

Lime 1.07

Magnesia 2.50 45.62

Phosphates, &c 3.63

Silica and clay 8.00

Fixed carbon 27.20

Water 2.60

99.61

By the analysis of Staffordshire blackband
similarly treated, the amount of iron in the

metallic state was 36.48 ; that of protoxide,

83.66 per cent. The slag obtained in work-
ing the furnace with calcined ore was found

to be very free from metallic iron.

During the eleven months that calcined

ore has been used, the make of the furnace

has been on the average, 600 tons per month,
ranging from 567 to 741 tons. The con-

sumption of coke per ton of pig iron made
has varied from 1 ton 8 cwt., when only 8

per cent, of the coked ironstone was used, to

17<2 cwt. when the proportion used amounted
to 42^ per cent. Throughout this period the

proportion of the coked ironstone was gradu-

ally increased from 8| per cent, to 42-^ per

cent., and the tabulated quantities of fuel

consumed, show that the saving of fuel was
proportionate to the amount of calcined ore

in the working charge. With the largest

proportion of the coked ironstone, this sa-

ving amounted to 35 per cent., or 9.^ cwt. of

coke per ton of pig iron made, for in the

place of the former average consumption
with raw ironstone of 27 cwt. per ton of pig

iron, the consumption with coked ironstone

was only 17| cwt. per ton of pig iron. This
fact considered, together with the refractory

nature of the clay ironstone amounting to

more than one-half the burden, would seem
to afford conclusive evidence that a very

great advantage is to be gained by calcining

the iron ores of a carbonaceous nature ac-

cording to Mr. Aitkin's method, and that

there would be a great probability of effect-

ing a still more considerable saving of fuel

in the smelting of the ore if the whole bur-

den of the furnace were coked black-band.

The Shotts Iron Company have lately

commenced working with coked ironstone.

Formerly the burden of the furnace consist-

ed of 14^ cwt. coal and 14£- cwt. calcined

ironstone, and since using the coked ore it

has been only 3| cwt. of coal to 14£ cwt
of ironstone.

The amount of fixed carbon in the coked
blackband above referred to is equivalent to

about 5 £ cwt. of coke per ton of the ore,

and since that would be to a great extent

burnt away by calcining the ore in open
heaps, it must be regarded as so much fuel

saved. Besides this, the calcination in close

ovens admits of the volatilisable portion of

the bituminous contents of the ore being

turned to account either as fuel or other-

wise. This is a further source of saving

;

besides this, it must be remembered that by
calcining in close ovens the oxidising in-

fluence of atmospheric air is excluded, and
consequently the work of reducing the ore

may be in part performed in the calcining

kiln, leaving so much the less to be done in

the blast furnace, as is shown by the amount
of metallic iron in the coked ironstones

referx-ed to above.

Any one who has seen blackband ironstone

calcined in the open air calcining heaps must
have been struck by the enormous amount
of combustible material that is being simply

got rid of in that operation, and by reference

to the analyses of this ore it will be evident

that the carbonaceous portion which has

hitherto been almost entirely wasted, may
amount to as much as three-fourths of the

fuel subsequently used in the blast furnace

for reducing and melting the ore. Mr. Tur-
ran* has estimated the possible saving to be
effected by substituting kilns for open air

calcination, as amounting in the case of

Scotch blackband to as much as 10s. per ton

of pig iron, and his experience at the Dow-
lais Works of calcination in kilns as com-
pared with open air calcination, is decidedly

in favor of the former plan, for even after

allowing for the interest of outlay for kilns,

the cost of labor and fuel is much less with

open air heaps.

* The Iron Manufacture of Great Britain, p. 15.
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Such a mode of effecting economy of fuel

in a business where the gross quantity of

fuel consumed is so enormous should receive

the earnest attention of those concerned, and

there is probably no case in which such

economy and reduction of working expenses

is more necessary than in iron smelting. We
therefore hope Mr. Aitkin's plan of calcina-

tion may be taken up by ironmasters active-

ly, and that we may soon be in a position to

report its extensive adoption.

REVOLVING SODA FURNACE.
Translated from " Annales du Genie Civil."

M. Lamy, professor of Chemistry at the

Central School of Arts and Manufactures,

made, at a recent session, a communication

on the subject of "revolving furnaces," as

used in England for the manufacture of soda.

The material so designated is the carbonate

of soda, which, according to its various

forms, is called "crude soda," "sal soda,"

or " crystalized soda." It is an article of

prime necessity, being indispensable in the

manufacture of glass, soda, bleaching ma-
terial, and in numberless other arts. Its

production is an important branch of French
industry. An important accessory result

is the increase in the manufacture of

sulphuric acid, which is largely used in the

process.

The production of artificial soda, by the

way, is altogether an art of French origin,

being invented by Leblanc, whose name and
deeds are too little remembered in France.

It is remarkable that the process employed,
the apparatus, and even the proportions of

the mixture, are the same as those used by
the inventor, notwithstanding all the research

which has been made during three quarters of

a century with the design of improving them.

M. Lamy describes the manufacture by
the use of sulphate of soda, chalk and char-

coal, heated to a pasty fusion in a reverbera-

tory furnace called a soda furnace. The
reaction takes place at a high temperature

by means of vigorous stirring, which requires

the work of skilled laborers, strong and in-

telligent, and receiving therefore, liberal

wages. Crude soda is thus produced, from
which, by lixiviation and crystalization, is

extracted the 30 to 35 per cent, of carbonate
contained.

The French manufactories produce an-

nually about 100,000 tons of the various
salts of soda, and in England, where the

production is largest, it amounts to 300,000

tons. The high price of the requisite labor

has led to a vigorous search for some sub-

stitute for manual labor. Two systems have

been proposed ; the first, that of Mr. Pattin-

son, effects the mixture by means of iron

agitators attached to a spindle, fixed in

the center of the furnace, and receiving its

motion from a steam engine. This system
was speedily abandoned. A more . success-

ful attempt is the revolving furnace of

Messrs. Elliot & Russell, perfected by
Messrs. Stevenson & Williams, at the chemi-

cal works at South Shields near Newcastle.

It consists of a large cast iron cylinder about
5 meters long (horizontally) and 3 meters
diameter, lined in the interior with refrac-

tory bricks. Its interior space is not cylin-

drical, but is enlarged in the middle, in or-

der to keep the materials in the center

—

shaped in fact like a cask. It has also, in

the interior, two longitudinal ribs, situated

diametrically opposite each other, in order

to effect more thoroughly the mixture during

the revolution. The cylinder rests upon
four friction wheels, which are supported

upon a massive frame. On the exterior cir-

cumference are teeth, gearing with a pinion

driven by the engine at any desirable speed.

The charging hole is in the middle of the

circumference, and closed by a cast iron gate.

The openings at the ends serve, one for the

introduction of fire from an adjoining furnace,

the other, for the escape of the products of

combustion, which are carried off into vari-

ous accessories, and utilized in the solutions,

evaporation and lixiviation. The communi-
cation of fire to the cylinder is made by
means of a movable flue, held by a chain,

and lined with fire brick, without which,

small and unforeseen derangements might
cause accidents. A great amount of fire is

indispensable to a sufficiently energetic action

throughout the whole of the furnace. To
"cook" a charge of soda, the cylinder is raised

to a red heat, and turned into such a posi-

tion that the charging hole corresponds to a

chute, in towhich the barrows dump the

materials for the charge, which consists of

1,300 kilog, of carbonate of lime, 500 kilog

of coal, broken up quite small. The cylin-

der is then given ten revolutions per hour,

or a turn in six minutes. After an hour and

a quarter the lime is calcined, and there is

then added to the charge 1,160 kilog of sul-

phate of soda, with 180 kilog of coal, and
the cylinder is revolved at the same rate

half an hour longer. At the end of that

time the reaction commences with the fusion
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of the materials, and the velocity is increased

to two turns per minute. The operation

terminates in about half an hour at this rate

of rotation. The cylinder is stopped with

the charging hole at the lowest point, and

the semi-fluid soda is drawn off into vessels

moving upon tram-ways underneath.

This operation lasts two hours and a

quarter, and admits of six heats and a total

production of 18,000 kilog of crude soda in

24 hours, which is three times the product

of an ordinary good English furnace. The
heat is distributed in the most uniform man-
ner, the sulphate is more perfectly decom-

posed, the operation more completely pro-

tected from the access of air, the manual
labor greatly diminished, and the consump-
tion of coal reduced in the ratio of 302
kilog to 544 or about one third. It was
found at the outset that the plant was very

expensive and subject to frequent disarrange-

ment. Lately, however, the patents have

expired, and the details of the furnace have

been perfected so that it works with all de-

sirable regularity, and costs, in England, not

more than 35,000 franes. Mr. Stevenson

has mounted four of these furnaces in his

establishments, and a dozen others are work-

ing elsewhere in England—notably at Wid-
ness and St. Helens. They are built by Mr.
Robert Daglish at the St. Helens foundry in

Lancashire.

PULLEYS WITH LEATHER COVERING.
Translated from " Polyt Centralblatt."

The sliding or slipping of belts on the

pulleys is an evil experienced by almost

every one whose business depends on ma-
chine power. Various means have been

devised to avoid it. One of them is to

strew powdered rosin or pitch on the inside

of the belt. Another is to cover the pulleys

with wood. A third is to give the rim of

the pulley a curved surface. These means

are only palliatives, and lack a thorough,

steady and continued action. Rosin and

pitch are soon pressed into the leather, when
they not only lose their efficacy, but con-

tribute to the rotting and destruction of the

belts. A wood covering on the pulley gets

polished in a short time and is then as slip-

pery as iron. It is therefore necessary to

frequently roughen its surface, by which op-

eration the diameter of the pulley is dimin-

ished and the proportions of the transmission

are altered. A convexity of the rim of the

pulley is very effective to prevent the drop-

ping off of the belt, especially when the

pulley has a horizontal position ; but it

counteracts the slipping of the belt to but

a small extent.

We therefor take pleasure in communica-
ting to the public a mechanical contrivance,

which completely prevents the sliding of

belts and all the great disadvantages result-

ing from it. It consists in covering with

leather the working-surface of the pulleys.

As the friction of leather on leather is equal

to five times that of leather on iron, and as

leather can be roughened and be easily kept

in that condition, it is evident that a sliding

of the belts cannot take place on pulleys

covered with leather, not even then when
the belts have to transmit the very highest

amount of power. We have seen such

pulleys working in sugar factories, breweries,

in manufactories of German silver, in paper

mills, machine shops, sawing mills and in

many other mechanical establishments, in

all of which they have proved of eminent

usefulness and great practical value. With
pulleys which have to run with a great velo-

city, as, for instance those that have to

drive blowers and saw-frames, as well as

with pulleys of small diameter, which have

to transmit powerful strains, the advantages

of a leather covering are especially great.

But besides these evident advantages that

result from the avoidance of the slipping, a

leather-covering on the pulley preserves the

belt ; in the first place because the belt does

not require tightening so hard, the friction

being considerably increased ; and in the

second place because there is no occasion

for a rapid rotting of the belt. For this

rapid rotting is generally caused by the fact,

that under the influence of the heat produced

by friction the tannic and sebacic acids con-

tained in the leather of the belts, combine

chemically with some of the iron of the

pulleys, forming a hard compound in the

belts, which produces what is called rotten-

ness and frequently causes breakages. This

evil is of course avoided by covering the

pulleys with leather. These covered pulleys

are manufactured by Mr. S. Freund, Jr.,

8 Neuenburger Strasse, Berlin, (Prussia).

The coverings are fixed to the pulleys by a

kind of paste or glue, which hardens in a

very short time and sticks so well to iron

and leather, that the greatest forces can be

transmitted by the pulleys without loosening

the leather. The operation of covering is

very simple and can be done and renewed by

every intelligent workman. The mentioned
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factory is prepared to send coverings and
glue abroad, together with full and explicit

directions showing the way to put them on.

The price is If Prussian thalers per square

foot of leather, including the glue. (Berg-

geist.) S.

MERCHANT MARINE.

ADVANTAGES OF IRON SAILING VESSELS.

Translated from the "Revue Maritime et Coloniale."

It seems tolerably certain that iron sail-

ing vessels are to play an important part in

the future of the merchant marine. They
are more substantial, more durable, and of

greater carrying capacity, than wooden ves-

sels of the same displacement. They attain

also as great speed, or even greater, for they

may be constructed of greater length, and

their capacity increased, while maintaining

the same spread of canvass, and consequent-

ly the same equipage. The length may be

six times the beam, in an iron vessel, with-

out interfering with facility of manoeuver-

ing. The damages to a metallic hull may be

repaired, at least provisionally, in almost any

part without interfering with its service-

ability, or capacity of continuing its voyage.

At sea, iron ships behave as well as wooden
ones, and resist better the stress of storms.

For East India navigation, iron hulls are

free from all fears of rot, which at the end

of six or seven years, and sometimes earlier,

attacks wooden vessels engaged in carrying

fermentable cargoes, such as rice, sesame,

etc. Moreover, French vessels which fre-

quent Indian seas, being generally of small

or moderate tonnage, often find it advanta-

geous to obtain local employment there,

when a return to Europe holds out no hope

of profit. But it often happens that wooden
Vessels cannot avail themselves of these

opportunties, either through fear of having

to go into dock in a foreign country, or to

make repairs at some far-off port, which are

enormously expensive. With iron vessels

these inconveniences are avoided.

At Calcutta there are always about forty

or fifty iron vessels, of about 50,000 tons

altogether, which always obtain preference

to wooden vessels, and generally at a higher

price. It is well understood by shippers

at that port, that iron vessels generally

deliver their cargoes in a more satisfactory

condition than wooden ones. Masts and
lower yards of iron and iron top-sail yards

have also great advantages, both in respect

of durability and staunchness. Some Eng-
lish vessels have also the top-masts and
standing jib-booms of iron. Iron wire rig-

ging is generally adopted in vessels making
long voyages. A suitable application of

paint to protect the bottom is indispensable

for the preservation of plates and rivets.

Great care is necessary in taking such a

vessel into dock, since it will not take paint

properly until it has been scraped, scoured,

washed, and perfectly dried. After a pas-

sage of one hundred days from Cardiff

to Calcutta, the writer's vessel had not
diminished her speed at the end of the

voyage.

It is desirable that the French Veritas

adopt for iron vessels the system of classi-

fication of the English Lloyds.

Sanitary Treatment of the Kefuse
of Towns and the Utilization of

Sewage.—Mr. Menzies lately read a paper

on this subject before the Institute of Sur-

veyors. The paper, besides dealing general-

ly with the subject, was devoted to an ex-

position of the " separate system " of drain-

age of which Mr. Menzies is the originator.

That system is, that the rainfall shall in all

cases, as a principle, be entirely separated

from the sewage ; the rainfall being convey-

ed to the nearest outlet, and the sewage to

the most appropriate land for utilization.

The advantages claimed for the idea are

many. The first anticipated is, that there

will be no gullies or openings into the streets

communicating with the foul drains by which

effluvium can rise into the streets or court-

yards ; the second, that men will not require

to enter into the drains to clean out the sand

and grit from the roads ; the third, that

no over-flows of foul or sewage matter will

be necessary ; and the fourth and most im-

portant, that the treatment at the outlet by
irrigation will be uniform, economical, and
practically perfect. The fifth advantage is,

that perfect and continuous removal of all

sewage may be secured by a complete sys-

tem of flushing, under command at all times

and at all seasons ; and it is worth observing

that the greatest flushing will be necessary, or

rather desirable, in the town in dry weather,

just when the fields outside will take it best.

The sixth advantage is, that when pumping is

necessary, as it is in such a vast number of

cases, the economy will be very great. The
idea was first brought before the public by
Mr. Menzies in 1865.
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THE BESSEMER FLAME.
From a paper read before the Philosphical Society of

Glasgow, by Thomas Rowan, F.C.S., F.R.S.S.A.,
Atlas Works, Glasgow.

The Bessemer process for the manufacture

of steel is now among the most important of

our metallurgical operations, the chemical

changes being as interesting as the mechani-

cal appliances designed for the working

of the process are ingenious. On account

of its comparatively recent introduction

among established industries, it affords an

ample field for scientific investigation ; and

there is no feature of the process at once so

interesting and important as that of the flame

which issues from the "converting vessel."

The success of a "blow" undoubtedly

depends on the accuracy and completeness of

many details, but, of them all, the most im-

portant is to know and catch that moment in

the existence of the flame, when the carbon

in the iron has yielded its last trace to the

oxygen of the air.

If a charge is " overblown," that is if it be

subjected to the action of the air for too

long a period, or if it be "under-blown,"
that is if the admission of air is stopped be-

fore the proper chemical action has been com-
pleted, the steel will be found to be defective

in proportion to its unskilful treatment.

The flame issuing from the converter is the

index of these changes which the molten
mass of metal is undergoing during the pro-

cess ; but the exact moment of decarburisa-

tion is often, from a variety of causes, dif-

ficult to determine.

It is for these reasans that the examina-
tion of the flame forms the point of attrac-

tion of the process, and I have thought it

might not be uninteresting to describe the

general appearance which this flame presents

to the eye, and some experiments which my
brother has made with the spectroscope, and
with colored glasses, for the purpose of more
readily determining that critical period or
" change " in the flame which I have spoken
of. The success of these latter experiments

has enabled him to attain the object for

which they were commenced, and he has de-

signed an instrument, which I shall describe

hereafter, by which the " change " in the

flame is more easily determined.

1. THE GENERAL APPEARANCE OP THE
FLAME TO THE EYE.

When the vessel is first turned up a shower
of brilliant sparks is ejected owing to the
force of the blast reaching first a thin layer

of metal as the vessel slowly swings round 1>o

the vertical position.

From 0° to 3 or 4 minutes.

When the full head of metal is over the

blast, at first for three or four minutes, there

is scarcely any flame, only a current of very

hot gases and very numerous sparks.

From 3 or 4 to 5 or 6 minutes.

Gradually a small pointed flame appears

in the centre of the sparks, and this quickly

increases in size without gaining much bril-

liancy for two or three minutes.

From 5 or 6 to 9 or 10 minutes.

During the next period of 4 or 5 minutes

the flame is very unsteady, both in size and

in position, and its oscillations are accom-

panied by hollow sounds as of reports or

explosions in the interior of the converter.

From 9 or 10 to 11 or 12 minutes.

Streaks or flashes of brighter flame now
shoot up through this comparatively non-

luminous flame, and within 1 or 2 minutes

give place to a continuous stream of dense

and brilliant fire which rushes far up the

chimney and illuminates the entire building,

often casting the shadows of the cranes, etc.,

against the windows through which the sun

is shining.

From 11 or 12 to 15 or 16 minutes.

This flame gradually becomes thinner and

more transparent without losing any of its

brilliancy during the 6 or 7 minutes of the

"blow," which generally remains, until it

suddenly (preceded, however, by a few hollow

and peculiar sounds from the interior of the

vessel), loses its brilliancy and much of its

size, and drops down within about half a

minute to about the size it had reached at

about 5 minutes of the blow, this flame,

however, being both more dense and more
luminous than the flame at that earlier

period.

Any of the stages described may, from a

variety of causes, be prolonged ; or an in-

sufficiency of blast, howsoever caused, may
lengthen the entire period of the "blow"
for several minutes, but the above is a fair

average " blow " with the best English hema-

tite pig iron. If inferior irons are used the

flame at the change is more or less envelop-

ed in a dense white smoke, and the change

is accompanied by violent pulsations or

" coughing " of the entire flame, which, un-

der these circumstances, has often a yellow-

ish red color to the eye, all this making the

change often very difficult, if not impossible,

to detect.

Nervousness or biliousness, by variously
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affecting the sight of the observer, may also

render him unable, with certainty, to deter-

mine the precise moment when he ought to

"turn down," and there is a marked differ-

ence in the facility of observation noticeable

between a blow taking place in daylight and

one at night.

2. THE APPEARANCE OP THE FLAME.

It was important, first, to note if any of

the lines belonging to the Bessemer flame

were to be found in the flame given off from

the coke fire used to heat up the " converter."

Several examinations were made ; the result

of these was that, besides the invariable

yellow bright line, the red line and the two

bright green lines next the yellow were oc-

casionally to be seen. Owing, however, to

the want of brilliancy of this flame, the

spectrum which it gave was very faint, and

at times almost invisible.

On first turning up the vessel, and for

about four minutes thereafter, the spectro-

scope showed only a continuous band of

light, with the colors rather hazy, and so

much blended with one another as to make
it impossible to mark the junction of the

different fields.

In from four to six minutes flashes of the

yellow line became visible (corresponding to

the appearance of tongues of a bright flame

shooting up in the centre of the dull red one

issuing from the mouth of the " converter "),

and in one or two minutes after its first ap-

pearance, this line became quite steady, and
did not disappear even at the end of the

"blow." Simultaneous with the steadying

of the yellow line, the red, yellow, and green

fields became clear and well-defined bands of

bright color.

In half to a minute later a bright green

line appeared near the yellow, following

which, in scarcely ever more than half a

minute, a red line appeared equidistant from
the yellow (of course on the opposite side).

These two generally became steady together

(having first appeared in intermittent flashes)

in about half a minute after both were visi-

ble. With the steadying of these two lines,

at once a second green line (bright and
about the centre of the green field) became
visible, wavering a little at first. About a

quarter of a minute served generally to

steady it, although sometimes it was a minute
and a half from the appearance of the first

green line till the second green line with the
red became steady. In one to two minutes
a third green line nearer the blue field came

into view, and in about one minute was
steady.

When the red appeared with the first green
line, the second and third green lines gen-

erally appeared together, but when the red

appeared with the second green line, the

third green was accompanied by a blue bright

line near the green field. In about ten

minutes after turning up the converter the

flame attained its maximum size and intensity

of light ; when a second and third bright

line became visible in the blue field ; very
often these were only intermittent and very
faint, but with "hot metal" and a bright

flame they were pretty steady and distinct

and were broader than those in the yellow,

green, and red fields.

Occasionally, for about two or three

minutes before the close of the blow, a bright

line was seen in the purple field, pretty far

to the right of the spectrum. Sometimes
this only flashed brightly, but on a few oc-

casions it was clearly seen, though faint.

With a very bright flame several dark
lines were seen, but for want of definiteness

it was impossible to say whether they were
not due to the contrast afforded by the bril-

liancy of the bright ones besides which they

appear. A narrow, dark line was seen on
each side of the red line, and a broad, dark
band dividing the yellow from the green

;

then one between each green line, and two
in the blue field between the three blue lines.

But these were only seen with an exception-

ally bright flame, and therefore are not of

much importance.

All the bright lines visible remained steady

for several minutes before the close of the

blow, affording an excellent opportunity for

their examination ; but at the last all, with

the exception of the yellow, faded in less

than thirty seconds. The purple line dis-

appeared first, whenever it happened to be

visible, then the three blue lines in the in-

verted order of their appearance, then the

third green, after which the second, then the

red, and last of all the first green, when the

blast was shut off.

The green and the red lines, from their

distinctness, afforded the best point for a

determination of the process ; and these

were so constant that a sure indication could

always be given by any of them, if it were

made the index by which to determine the

period of blowing.

Very often, on adding the charge of spie-

geleisen, a large and very brillant flame

rushed out of the " converter " for some
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minutes ; and on examining it the red, yellow,

three green, and a very brillant purple line

were seen, but no blue line.

3. SOME EXPERIMENTS WITH COLORED
GLASSES ON THE FLAME.

I shall now proceed to describe some ex-

periments made with colored glasses on the

Bessemer flame. I may mention that what
led to them was my brother being compelled

to get very dark spectacles to protect his

eyes, which were not very strong, from the

intensity of the light of the flame. The
first pair made completely overcame the

brilliancy of the flame without imparting any

color to it ; but on ordering a second pair

they showed so much color as to render them
useless. On appealing to the workman who
had made them, he found that no note had
been kept of the kinds of glasses which had

been used in the first pair ; and although

several attempts were made to repeat them,

the second pair sent was the best he could

accomplish, and they had appeared colorless

to sun light. The thought then occurred

that as the brilliancy of the flame varies

considerably during its existence, a variation

in the amount of transmitted light might be

found to affect in a proportionate degree the

power of some colored glasses to absorb

colors in combination with them, and that a

combination of colors might be found to give,

with a small quantity of transmitted light, a

distinct color which could be quite absorbed

when a large quantity of light was passed

through the same glasses.

Another, and perhaps the most important,

consideration which led to the following ex-

periments was, that the flame itself has a

varying chemical composition as the silicon,

manganese, carbon, and iron becomes succes-

sively attacked, and that the temperature of

the flame at these various stages must neces-

sarily be altered, giving rise of course to vari-

ous colors or shades of color in the flame.

If therefore a combination of colored glasses

could be found which would absorb the color

due to the flame at a particular temperature,

it seemed clear that a change of temperature

would become immediately visible on account

of an accession or diminution of color to the

flame as thus observed.

It is probable, too, that some of the color

possessed by the flame at its different stages

is due to the various elements which are at

these periods being volatilised, but the spec-

troscope does not throw much light on this

supposition.

The first combination of colored glasses

which I have noted are a ruby and emerald.

It was found that these colors mentally des-

troyed each other.

The Bessemer flame when viewed through

them appeared white, and without brilliancy.

Ultramarine blue, dark yellow. This

combination gave the same effect as above.

With a combination consisting of ultra-

marine blue, dark yellow, ultramarine blue,

and emerald, the flame appeared of an emerald
color, but was dark and without brilliancy.

In the next experiments the dark yellow

and one blue were replaced by a light yel-

low and neutral tint thus ; Ultramarine blue,

light yellow, nentral tint, emerald. The ap-

pearance of the flame in this case was similar

in color to that afforded by the above com-
bination, but appeared of considerable bright-

ness.

In the next experiments the light yellow

and neutral tint were replaced by a dark

yellow and red respectively, thus: Ultra-

marine blue, dark yellow, ruby, emerald.

The flame at first was dimly seen, and with-

out color. When it reached its maximum
brilliancy it still appeared white through

this combination.

With these five combinations the appear-

ance of the sun as seen through each of them
was similar in character to that of the flame,

but more powerful in degree.

In the subsequent experiments the com-

bination was as follows : Ultramarine blue,

dark yellow, neutral tint, ultramarine blue.

The flame appeared at first of a ruby red

color, increasing in size and intensity as the

"blow" progressed, the edges of the flame

acquiring a lighter shade of red ; but the

color was too strong to admit of the changes

being easily determined. Sunlight, through

this combination, was slightly yellow.

In the succeeding experiments one of the

blue glasses was replaced by a light yellow,

giving a combination of ultramarine blue,

dark yellow, neutral tint, and light yellow.

The flame appeared at first of a yellowish

red color. As the " blow "progressed this

color became whiter with flashes of redder

flame occasionally through it. At the flame's

maximum brilliancy the edges assumed a

light red color (nearly white), while at the

root and center of the flame the color was of

a darker yellowish red. When the flame

dropped (at the end of the "blow ") it re-

turned to a yellowish red color, somewhat
I similar in appearance to the effect produced

at the beginning of the blow.
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Sunlight appeared slightly yellow. It

will be observed that this combination gave

nearly the desired effect, viz, a variation

of depth of color due to the differences of

temperature or brilliancy of the flame at its

different stages of progression.

The yellowish tint, however, always pres-

ent, showed a defect in this combination, to

overcome which, further trials were made.

Among other devices the light yellow was
omitted, and the flame was observed with

ultramarine blue, dark yellow, neutral tint.

The flame appeared still red, and with the

yellowish tint, though in such small degree

as to show that the desired result was not

far off.

Sunlight appeared dim and slightly yellow.

In the concluding experiments the neutral

tint was replaced by a blue glass, with the

object of ascertaining whether the yellow

color could be arrested by the omission of

the red or the blue component of the neutral

tint, thus : Ultramarine blue, dark yellow,

ultramarine blue. The combination was
perfectly successful, the lingering trace of

yellow being removed.

I shall now describe more fully the general

appearance of the flame through it.

For the first four or five minutes all is

dark, the chimney is invisible ; nothing but

the mouth of the converter can be made out,

which appears slightly red, the sparks com-
ing from it being scarcely visible. As the

blow progress the red color increases in size

and luminosity, while the outline of the ves-

sel becomes visible.

In about twelve to fifteen minutes the

flame begins to lose its color, becoming vio-

lently agitated, flashes of a lighter and
brighter flame shooting up occasionally.

In about fifteen minutes a purple tint be-

comes visible round the mouth of the vessel,

the flame gradually acquiring a white color

towards the edges.

When the flame has reached its maximum
brilliancy, it appears bright and nearly white,

with the edges purple. The red color there-

after begins to re-appear at the mouth of the

vessel and centre of white flame, gradually

extending until the whole flame appears of a

light red color, and with the peculiar hollow
sound heard in the vessel always preceding
the drop.

The centre of the flame begins to acquire
a deeper color; this quickly extends and
deepens. Within a minute or so of the drop,
the whole flame becomes crimson, and losing

suddenly goes back to very nearly the red
color it had at starting.

This combination of glasses is now in daily

use in the Atlas Works, its indications being
so marked and unmistakable as to render its

use safe in the most inexperienced hands.
This little instrument, or " chromopyro-
meter" as it is purposed to call it, is arranged
as follows :

One of the blue glasses and the dark yellow
one are fixed in a rectangular frame, carry-

ing at its foot a hinge, to which the thin

frame holding the other blue glass is attach-

ed, and at its top a spring catch to hold this

smaller frame when in its shut position ; and
also a pin and set screw for attaching the

whole instrument to the hat of the observer,

so as to place it before his eyes.

The object of having the glasses thus
divided is to give facility for the observation
of the flame through the combination of

three, while, during the pouring, two being
sufficient, the third one is allowed to hang
down, when it serves to protect the lips

from the great heat of the ladle and liquid

steel.

In conclusion, I think it is probable that

by carefully noting by means of colored

glasses, such as that described, the amount
of light (as determined by the shade of color

visible) emitted by flames of known tempera-

ture, a scale might be formed which would
enable us approximately to measure the

temperature, not only of the flame of the

Bessemer converter, but also that of many
flames which have hitherto been considered

beyond the reach of our ordinary methods of

measurement.

THE MANUFACTURE OF SULPHURIC
ACID.

HISTORICAL NOTICE.

Translated from " Le Genie Industriel."

Thirty years ago the only available source

of sulphur, for the manufacture of Sulphu-

ric Acid, was the volcanic region, or sol fa-

taras of Sicily. Our national industry was,

therefore, in a measure, dependent upon the

complaisance of foreign powers, and at the

mercy of political and commercial vicissi-

tudes. It was probably this state of affairs

that prepared the way for the development

of some source of this precious mineral in

France. The same stimulus was felt in

other countries, and gave rise, no doubt, to

its brilliancy, and within half a minute it , the strenuous efforts made to discover within

Vol. I.—No. 7.—41.
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their own soil the means of release from this

burdensome dependence. At length, after

much research and experiment, the indus-

tral world became indebted to a Frenchman,

Michel Perret, for the first success in the

new path ;—a name, unfortunately, too sel-

dom remembered. The first success in ob-

taining sulphur from pyrites, in the form of

sulphurous acid, was attained at Lyons, near

which city large deposits are found. This

innovation gave to the manufacture of sul-

phuric acid, and through it to the chemical

arts generally, such an impulse that the con-

sumption has increased tenfold within the

last thirty years.

Prior to 1833 there was a prevailing im-

pression, derived from numerous unsuccess-

ful experiments, that the sulphurous gases

derived from the burning of pyrites, were

unsuitable to the production of sulphuric

acid. It was generally believed that pyrites

would not burn without fuel, and it was
therefore roasted with a mixture of coal.

The distinguished chemist, Climent Desor-

mes, had proceeded in this assumption, in

using cupola furnaces, in which he was able

to utilize only a small part of the gases so

obtained. At that time M. Michel Perret

proved that sulphurous acid gas, disengaged

by the combustion of pyrites, was essentially

well adapted for conversion into sulphu-

ric acid. With this view he constructed in

his father's workshop some muffle furnaces,

in which he burned the pyrites, without mix-

ing the products of combustion with those

of coal, the proportion of air necessary to

carry on the condensation in the chambers
being very carefully regulated. This sur-

mounted the difficulty satisfactorily. The
date of the first patent for fifteen years was
February 2d, 1836, and it was taken out in

the name of his father, who had encouraged

him in his labor and studies. The young
man, at that time but twenty years of age,

showed himself on more than one occasion

to be a profound thinker and fertile in new
ideas. The success obtained by the applica-

tion of this process, for several years, on a

scale of some magnitude, led to further in-

vestigation into means of economizing the

combustion. The use of the old furnaces

was revived, but without the use of coal.

M. Baptiste Perret and M. Olivier, brother

and brother-in-law of the inventor, united

with him in the work of improving the pro-

cess, which by their united efforts has reach-

ed the stage in which it may now be seen in

the factory of St. Fons, near Lyons—one

of the principal establishments of the Per-
ret firm. We may mention one of the im-
provements due to M. Michel Perret, viz :

the apparatus for utilizing those portions of

the pyrites which are reduced in the crushing

process to a state of fine division, constitu-

ting a considerable portion of the whole,

and which would otherwise be wasted. A
small model of the furnace used, arranged so

as to show a section through its axis, and
giving a complete idea of its construction,

is exhibited in the window of the Perret firm,

and the use of the process is freely open to

all who are engaged in this branch of indus-

try. At a little distance from a layer of

pyrites in lumps, burning in an ordinary box
furnace, is placed a sole of large refractory

bricks, six centimeters in thickness, such as

are used for spreading out plate glass. Im-
agine now seven other similar soles, separat-

ed by intervals of six centimeters, in a mass
of masonry in which the openings are so dis-

posed that the current of air, coming from

the roasted lumps, will envelop in a very

circuitous manner the surface of the pyrites

in the form of powder or small pellets,

spread out upon each sole. Each layer of

pyrites, heated by the combustion of the

preceding one, burns, either by the direct

admission of air into the mass, or by a kind

of cementation, recpiiring thirty-six hours for

its completion, to such a stage, that not

more than four or five per cent of sulphur

remains uncombined. As might be expect-

ed, the temperature increases as we approach

the upper end of the series. Mr. Michel

Perret thought that the number of soles

might be increased beyond eight, and he

therefore constructed a furnace in which the

number was carried to sixteen. But as their

superposition gave a great altitude to the

furnace, he divided it into two series, paral-

lel with each other, in such a manner that

the gas from the eighth and upper sole was

carried by a.recurved flue over the surface

of the lower layer in the second series. In

this furnace the temperature steadily in-

creases from the sole where the lumps are

ignited to the uppermost layer, showing with

what facility the air penetrates the mixture

of powder and grains of pyrites, which is

spread out to a depth of three centimeters in

each layer. It would seem, in order that

the air may circulate in the intended man-

ner, that all possible means of access, ex-

cepting those provided, should be rigidly

closed. This can be readily managed, so

far as the back part of the furnace is con-
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cerned, the brick forming the sole being

built into the masonry. This arrangement
will not suffice, though, for the front, since

the charging and discharging of the mineral

is made on that side through doors opening

upon each sole. To obviate this difficulty

an interval is left between the front of the

sole and the wall, which interval at the time

of charging the lower sole is filled with

slack, held in place by a closed register. In

charging the second sole the slack is let

down and forms a " talus" upon the level I

below. The different levels are charged in

this way, successively, from bottom to top.

The furnace is charged once in thirty-six

hours, and consumes 1,000 kilog. of fine py-
rites. As the charging cannot be done in

an instant it permits the passage of an excess

of air, while it is going on, and possibly this

may explain the fact, denied by some, but

maintained by many, that this system of fur-

nace requires an excess of nitrate for the

amount of sulphur burned.

Altogether these improvements, and the

possession of extensive deposits of cuprifer-

ous pyrites at Chessy and Saint-Bel, have

given a great development to the manufac-
ture of MM. Perret. Their establishment

at Chessy, Lyons, Vienna, Avignon and
Marennes, furnish nearly 100,000 kilogram-

mes of acid a day, beside the other products

derived from them, such as soda, iron, cop-

per, alum, ammonical salts, hydrochloric

and nitric acids, socla, &c, &c. Such an
impetus has been given to general industry,

in consequence of the discoveries of the firm

of Perret Brothers & Olivier, that even their

enormous present production of acid is in-

sufficient, and fully twice the amount of py-
rites consumed by them has been delivered

to French and other consumers for manufac-
ture by this process. In renouncing the

monopoly assured to them by the possession

of their extensive ore beds, this firm have
entered upon a path of liberality which can-

not fail to advance greatly the industrial in-

terests of the whole nation, and have set an
example most worthy of imitation.

Steam Plowing in France.—At the

special trial of agricultural implements
at Moulins, in April, the double engine
tackle of Messrs. Aveling and Porter took
the first prize, and the second prize was
awarded to M. Achille Farjas. The next
trial takes place this month at Beauvais.
The French are imitating the English in

these comprehensive and frequent tests.

NOBEL'S BLASTING MATERIAL.

NEW EXPERIMENTS WITH " DYNAMITE."

Reported by Max v. Wolfskron.
Translated from " Oestr. Zeitschrift."

Mr. Nobel's nitro-glycerine, which produ-
ces such powerful and astounding effects,

has on the other hand caused so many fatal

accidents, that a certain awe of its danger-
ous qualities has prevented it from coming
into general use. It is true, there are coun-
tries, as for instance Bavaria, where for

several years past nitro-glycerine has been
used for blasting, without the occurrence of

any mishaps ; and indeed such accidents can
scarcely happen unless by neglect of the

necessary precautions. But it is well known
that workmen when once familiar with a

work that implies some danger, become very
careless, and that this carelessness often

causes the most fearful accidents. Besides

the nitro-glycerine, like all similar compounds
of nitrogen, is in itself liable to be decom-
posed, when the acids produced by this de-

composition affect and loosen the spidering

of the metallic bottles which contain the fluid

nitro-glycerine, thus causing leakage and
danger. It is also not impossible that un-

der certain circumstances a spontaneous de-

composition of the fluid may take place so

rapidly as to produce an explosion. There-

fore, whenever it is observed that nitro-gly-

cerine is beginning to decompose, which is

easily seen by the red vapors it then emits,

the whole portion should be destroyed with-

out delay.

It is not astonishing that the importation

and the transport of so dangerous a mate-

rial should have been prohibited in several

countries, and also in Austria. But there

was no well-founded reason to include in

this prohibition, as it has been done, another

matter, called dynamite, which does not pos-

sess the above-mentioned dangerous quali-

ties. Dynamite consists of calcined mineral

meal from the neighborhood of Luneburg
(Prussia), impregnated with 75 per cent of

nitro-glycerine, and mixed with another in-

gredient, which prevents it from spontaneous

ignition. It hardens at 45 Q F., at which
temperature the nitro-glycerine contained in

it, congeals. In this condition it cannot be

exploded by ordinary means. Charges con-

gealed in the bore-holes must be exploded by
caps and cartridges having a higher tempera-

ature than 45 c F. These cartridges, which
also contain the caps, are small, and the work-

men can easily carry them in their pockets.
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Dynamite has been manufactured at Ham-
burg by Mr. Nobel, since I860, and more
recently also at Stockholm, in Sweden. In

the latter country the dynamite is in general

use in the mines and quarries. In Prussian

Silesia 8,000 lb. of it are used every month.

It is besides largely in use in the mines of

Saarbruck, Westphalia, Nassau and Thurin-

gia. Considerable quantities of it have been
imported to England and Belgium, in 1868.

A factory of dynamite was established in

San Francisco in March, 1868, which fac-

tory had already sold 100 lb. of it per day,

up to July of the same year. It is used

not only in the mines of California, but also in

those of Mexico, and in the blasting opera-

tions of the Pacific railroad. In California

also, as in several European countries, acci-

dents were feared from this new blasting

material, and no company would at fir,st un-

dertake its transportation. But afterwards,

when various experiments, made before an as-

sembly of representatives of all the transport

companies, had proved that these fears were
groundless, the dynamite was accepted on all

the railroads, steamers and stage-coaches.

The following experiments, for the same
purpose, were made on the 22d of March at

Hiitteldorf (Austria) in presence of a dele-

gation of the Vienna Society of Engineers :

A small barrel, filled with cartridges of dy-

namite, was thrown down from a rock over

100 ft. high and did not explode, though strik-

ing the rock repeatedly. Two cartridges

were fastened to the lower surface of a heavy

block of stone, and the stone was dropped

from a bight of over 20 ft. on a stone bottom.

The cartridges were smashed and flattened

down without exploding, and the dynamite

was found in a totally unaltered condition.

Several cartridges were taken out of the

above-mentioned barrel ; each cartridge was
cut in two parts, the one of which was made
to explode by the means of a quick-match

and a cap ; the other part was ignited, and

burned off quietly, leaving a small heap of

mineral meal.

The contents of a cartridge was spread over

a piece of sheet-iron and heated ; the nitro-

glycerine evaporated without explosion.

A box of sheet-iron, filled with dynamite,

was thrown into the fire without producing

an explosion. The above-mentioned barrel,

filled with cartridges was thrown into the

fire, and burned down quietly.

To show that the dynamite cannot be
made to explode, except by a strong cap, it

was tried to ignite a box of sheet-iron, filled

with dynamite, by a quick-match withoiit a
cap ; but the dynamite would not take fire.

These experiments having proved suffi-

ciently that the dynamite is entirely void of

danger, another series of experiments was
made to show the powerful effects of this

new blasting-material

:

A cartridge was laid on a plank of maple-
wood, two inches thick, and was made to ex-
plode. It struck the plank with great vehe-
mence, making a large hole through it.

As the strange prejudice exists that the dy-

namite acts better downward than upward,
the same experiment was repeated, the cart-

ridge being this time attached to the lower

surface of the plank. The effect was the same.

A timber, four inches by five inches thick,

rammed into the ground, was torn apart by
the discharge of a half-pound cartridge.

Half a pound of dynamite was made to

explode on an iron plate a quarter of an
inch thick. The plate became perforated

and torn; a round piece was torn out of it

and thrown to a considerable distance.

But the immense power of the dynamite
was proved most strikingly by the following

experiment

;

A § inch hole was bored through the whole
length (13") of a wrought-iron cylinder of 8

inches diameter. This bore-hole was filled

with one-quarter of a pound of dynamite and
discharged by a Mark us battery. The ef-

fect was astonishing to a high degree. The
cylinder was torn in two pieces. Each piece

had two cracks through its entire length,

and many smaller ones. The bore was
enlarged throughout, in one place to 1|
inch, diameter. The molecular structure of

the pieces was totally altered.

The succeeding experiment consisted in

bursting apiece of rock without any bore-hole.

Finally, four bore-holes, lh inches in di-

ameter, and 3 ft., 2J ft., 2 ft., and 16 inches

in depth, made into the solid rock, were dis-

charged without tamping. The first hole

was loaded with 2 pounds, the second with

10 ounces, the third with 8 ounces; the

fourth, which was made in the vault of the

rock, with only one ounce. The first and
third were discharged simultaneously by the

Markus battery; after that the second hole

alone by the same battery, which also on

this occasion proved its excellence. The
fourth bore-hole was discharged by a gutta-

percha quick-match. The effect of these

discharges was satisfactory, though the rock

was soft and loose and consequently unfa-

vorable for such experiments. S.
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CONDENSATION IN STEAM ENGINES.
By M. B. Couste, Government Director of Manuf.

Translated from " Annates du Genie Civil."

An important question has long troubled

the wisdom of engineers in every country

where steam navigation has received any
development, viz, the use of steam at high

pressures in marine engines. The greatest

obstacle to its employment is the excessive

incrustation of the boilers from the use of

sea water. The English have essayed to

solve the problem by the use of surface con-

densers, which make it practicable to sup-

ply the boilers with water, from which the

incrustating matters have been eliminated.

This contrivance rendered necessary an

enormous area of condensing surface, re-

sulting in practical difficulties similar to

those which defeated the attempts of Watt,
Hall, Cave, Bourdon, Ericsson, and a host

of other engineers. Latterly means have

been found of giving to the surface con-

denser a superficies of more than a square

meter per horse power, which has given

some good results. I am convinced, how-
ever, and I shall attempt in this paper to

prove that this solution, though constituting

a sort of progress, is founded on a retro-

grade principle
;
that it realizes but a por-

tion of the advantages which may be ob-

tained, and that those advantages cannot be

obtained completely, and with certainty, ex-

cept by the use of the injecting condenser.

I propose then

—

(1.) To analyze the phenomena of conden-

sation, by laying down the general, physical

and mathematical theory of the condenser,

which will enable us to determine the loss of

motor power caused by the condensation.

(2.) To compare the two systems, viz,

condensation by injection, and surface con-

densation, and to show that the former is

greatly superior to the latter.

(3.) To determine in what respects the

present injecting condenser is capable of im-

portant improvements.

(4.) To prove that the surface condenser
is subject to perturbations, which diminish,

and may even counterbalance, the advan-
tages of high pressure.

I shall further show that the injecting

condenser may be made applicable to high
pressure marine engines, as well as to other

steam motors, by an important modification,

which I shall point out, in the functions of

the condenser, and I shall describe the

practical means of effecting its application.

(1.) There are two kinds of condensers.

In the first the steam is brought directly in

contact with the cold condensing water,

which mingles inseparably with the con-

densed water. In the second the condens-

ing water acts upon the steam through an

intervening metal, which is a good conduc-
tor of heat, and also serves the important

purpose of keeping the condensing and con-

densed waters separate. The former is call-

ed the injecting condenser, and is the kind
most frequently employed. The latter is

called the surface or Hall condenser, and
until quite i-ecently had been employed only

in certain special engines (ether, chloroform,

alcohol engines), which are not yet out of

the domain of experiment.

(2.) I shall first proceed to determine a

general formula expressing the resistance of

the condenser. The act of condensation is

not accomplished instantly, but requires a

certain length of time. If L represent

the stroke of the piston, n L will be that

part traversed by the piston while the con-

densation is in progress. Let
T m be the motor power, or work developed

by the steam at each stroke.

T c i be the resistance of the injecting con-

denser.

T c s be the corresponding resistance of the

surface condenser.

T c be the corresponding resistance of a

condenser of either system (the gene-

ral expression of resistance).

T a be the resistance of the air pump.
S be the area of piston of cylinder (in sq.

centimeters).

L be the stroke in meters.

E be the part of the stroke during which
the steam enters with a full pressure.

P be the pressure (in kil. per sq. cent.) after

expansion, and at the instant of open-

ing communication with the condenser.

H be the pressure before expansion.

p be the normal pressure in the condenser

;

i. e., the pressure which remains after

the condensation is finished (in kilog.

per sq. centimeter).

n L be the fraction of the stroke during

which the condensation is in progress,

r be the ratio of the capacity v of the con-

denser (including its connections) to

the capacity V of the cylinder (in-

cluding the volume occupied by the

piston and the clearance spaces, thus,

_ condenser _ v

cylinder V

'

As soon as the communication is opened
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between the cylinder and condenser, the

pressure P, corresponding to the volume V,
P V

becomes -=-*-, At the same instant the
V -j-v

pressure p, which corresponds to the volume

v, becomes V+ «"

fore the pressure in

14-r

At that instant there-

the condenser is

During the part
V + » '

of the stroke n L this pressure diminishes

(at a rate corresponding to the condensa-

P ~\~ V T
tion), passing from

-, __ — top; and dur-

ing the part (1 -n) L it remains equal to p.

Let us represent the successive values of

this pressure by the ordinates to a curve.

Lei x"= a'= L, x'—
a = nlj, a a' = (1 - n) L

P + P

°\

«o=OA =J
1 + r

y'= a B = a 1 C = p.

The portion B C of

the line will be straight and parallel to the
axis of x; the portion AB will be curved
and tangent to B at the point B.
T c will be* represented by the surface S

of the piston multiplied by the area A a'

C. The area of T)Oe / C = Lj9. To ex-

press the other part of the area, we must
know the curve A B. In this particular
case we may determine it approximately by
the Watt indicator, and in this general an-
alysis we shall replace it by an approxima-
tion sufficiently accurate, if we use the arc
of a parabola, having its vertex at B, pass-
ing through A, and having its axis parallel

to the axis of y. This arc will in general
differ immaterially from the true curve.
Hence the part A D B of the total area will

be JADXBD=i^±Lr- ?j » L

P - p= i L =j—p-—n. The total area is then A*
I

-J-
r 3

L I —K n -J- 3 p J
, and the work of the con-+ r

denser is T c = A S L (P + *p) (1)

This expresses the resisting work of the

condenser, so far as relates to the counter-

pressure alone ; and if we simply add the
deduction due to the work T a of the air

pump, we shall obtain the whole resistance

of the apparatus. The formula (1) is ap-

plicable to both kinds of condensers, and we
shall transform the expression further on, so

as to introduce the peculiar elements of both.

(3.) First, however, it is necessary to

consider the values, both arbitrary and ne-

cessary, which the quantities designated

above may take.

T a is a quantity nearly constant, as ap-

plied to a given engine, varying very slight-

ly with the quantity of water to be drawn,
with the slight counter-pressure of the con-

denser, and the slight variations of atmos-

pheric pressure. But when the building of

an engine is contemplated, it is a matter

of no small moment to design it so as to

employ the minimum of water, whether the

object be to economize it on account of its

small supply, or to diminish the effect of

T <z, which depends for its value chiefly upon
the area of the pumping piston.

(4.) The value of P will depend upon the

initial pressure H of the steam when it. en-

ters the cylinder, and upon the rate of ex-

pansion allowed. It is an advantage to

give this expansion its greatest practicable

amount. L and S being constant in a given

engine, the expansion will be limited by the

amount o£ useful effect which can be pro-

duced in a given time ; and as this latter

quantity can be made to vary, its variation

should be regulated entirely by the cut-off,

which may work automatically or at control

of the engineer. But we are of the opinion

that, other things being equal, the range of

expansion will be extended in proportion as

the pressure is increased, and hence the ad-

vantage (which is considerable) of employ-

ing steam at high pressures.

(5.) The pressure in the condenser passes,

as we have said, through different values

during the stroke of the piston. For a

given value of P, and for a single quantity

of water introduced, the condensation will

be effected in a time equal to, or less, or

greater, than the duration of the stroke of

the piston. In the first instance the pres-

sure in the condenser will reach the normal
value p before the end of the stroke ; in the

second p will be reached just at the conclu-

sion of the stroke ; in the third case the

value of p must be increased to p
1

, in order

that the normal pressure may be reached

during the time of the stroke. We must
therefore give to p just the value which the

normal pressure has at the instant the stroke

is completed. It will be observed that p is

the sum of two pressures—the one /due to

the steam (watery vapor) which remains

normally in the condenser, the other f due

to the gases given off by the condensing and

feed water, and to the air which may find

access by leakage. In an apparatus proper-
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ly managed and cared for, and built upon
correct principles, there ought not to be any
leakage. The gases given off by the feed

waters of the boilers are insignificant in

well managed engines, because that water is

drawn from the condenser itself, and has

already been freed from the greater part of

its gases. We may then proceed to deter-

minef and/''.

In a particular case we might determine

f by means of a table of the elastic forces

of vapors, and according to the normal tem-

perature of the condenser. But we must
note that this temperature is really higher

than that of the water taken from it, be-

cause the contact of the condensing water

and the steam is of short duration, and only

partial—the water not being generally in a

sufficiently divided state to establish a ther-

mal equilibrium in so short a time. In or-

der to determine it the thermometer should

be placed in a part of the condenser opposite

the entrance of the steam, and protected

from the injected stream. The quantity/"

being thus obtained, we shall havef by de-

ducting p -f; and the value of p will be

given by the manometer of the condenser.

(6.) But it will be advisable to introduce

into eq. (1) the value of p as a function of

the normal temperature of condensation,

of the temperature, t of the cold water, and

of the volume q of the water resulting from

the condensed steam at each stroke of the

piston.

We shall then have (according to South-

ern)

—

f
\ )

0.0034542

B = 46,278

C = 145.36

Also let

6 — the temperature of the condenser cor-

responding to the elastic force of the

steam f.
t = the temperature of the injected cold

water.

1 _ ( the proportion (in volume) of gas

m ( which that water contained.

Q = the volume of cold water theoretically

necessary for injection at each stroke

of the piston.

q = the volume of water resulting from the

condensation of the steam at each

stroke.

m, ^ 650 -
Then, Q=q-

6 _ f
.

But in the injecting condenser this quan-
tity Q should be doubled in practice. The

volume of gas introduced into the condenser
at each stroke of the piston is then (at the

pressure of 1 atmosphere)

2Q _ 2q 650-0
m to 6 - 1

'

at the temperature t, and at the temperature

A r +1 ,
• 2g 650-0 274+0

or tbe condenser is •—i-. —-,—— . n„

,

to 6-t 274-\-t

The pressure of this gas is that of the at-

mosphere, 1.03 kilog. per square centimeter
under the volume given above, and becomes,
under the volume v of the condenser,

f> =d^ X 65Q - 274+ °

u . - /B + 0\ 5 - 13
, i

Hence,_p = A+(—J— J +-

650-0 274 +

274+*'
2.06 q
n ' v

e-t ' 27i+# ^
(7.) The quantity n varies in consequence

of some circumstances which it is well for

us to examine.
The escape of the steam from the cylin-

der to the condenser, though very rapid on
account of the difference of the two pres-

sures, is by no means instantaneous. The
connections are always ample, of course, but
the opening of the ports is, during a portion

of the valve movement, partially obstructed.

This becomes apparent on the diagrams by
a rounding off of the angles where the pis-

ton changes its motion, and by the rapid

fall of the pressure just before the instant

of cut-off. But in well built injecting con-

densers this partial cause of retarded con-

densation may be neglected, especially if

the velocity of the piston be not excessive.

It must not, however, be neglected in sur-

face condensers, because the condensing

surfaces usually consist of tubes of small

diameter, among which the steam circulates

with some difficulty, especially when it en-

counters a certain amount of air and other

permanent gases.

Secondly, the cold water is introduced in

the form of jets more or less divided, offer-

ing a certain amount of surface of direct

contact to the steam. Water being a poor

conductor of heat, an equilibrium takes

place almost at the instant of contact of the

steam with the water of the jets, and that

collected in the bottom of the chamber—the

walls of the chamber also taking part in the

operation. But all these surfaces are heat-

ed by the condensation, and their condens-

ing power correspondingly reduced ; and as

they are only partially cooled again by suc-

ceeding movements, it would appear that
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their action cannot be instantaneous in de-

stroying the difference between the pressures

P and p.

(8.) Let us take the general expression

x = -=- (1-- cos d)) for the space passed over

by the piston for any angle w described by
the rotation of the crank—neglecting the

small variations arising from the variable

position of the connecting rod. The angu-

lar velocity of the crank being constant, u>

t' .= d)' — ; or, taking for the angular unit w'

= 180°, then u> = — ; in which equation r'

= the time corresponding to x, and r — the

time of a whole stroke of the piston. Then

£' = 7 ( 1 - COS I

r" being the time corresponding to x', and

We assume r' and r to be expressed in

seconds.

Let 4> express the rapidity of the absorp-

tion of heat by the condenser, i. e., the

quantity absorbed in one second ; then r" $
will be the quantity absorbed during the

whole process of condensation. The ex-

pression for this quantity is D q (65 U - 6)

;

D being the density of the water, and as-

suming D =1, then

t„ = g (650-0)

Substituting this,

M=i[l-c.S
g<65

rY
(,

>]

Now we may put $ = R <p, R being a

co-efficient < 1, depending partly upon the

resistance due to the pressure of air, and

partly upon the friction of the steam, whe-

ther in the connections of the general con-

denser, or in the tubes of the surface con-

denser,
(f)

will be composed, first, of heat

transmitted through the walls or skin of the

condenser, and expressed by

a' - b /0 ,

a — KT . . . . (oi
e

in which
k — the co-efficient of conductibility of the

walls ; that is, the quantity of heat

which passes in 1" of time through one

sq. met. of this wall, with an assumed
thickness of one millimeter and for a

difference of 1° of temperature between
the two sides of the wall.

a= the surface of each of these two sides.

a' = the mean temperature of the inside.

b — the mean temperature of the outside.

Second—There also enters into the value

of
<f>

the heat (3 absorbed by the water col-

lected at the bottom of the condenser.

Third—The heat absorbed by the inject-

ed cold water.

This last quantity, by far the greatest,

will be 'expressed by \i 2 (0 - t), in which
jj,— the exterior conductibility of the water,

or the quantity of heat which enters in

1" of time into one sq. meter of aque-

ous surface, for a difference of 1° be-

tween the temperature of the water and
of the steam.

2 = the surface of the jet in sq. met.

= the mean of the temperatures through

which the condenser passes during a

stroke of the pistou.

t = the maximum temperature of the in-

jected water.

We may then place as the general value of n,

(4)

, \ , q (650 - 0)
\n =4 \ 1 - cos —

(9.

M
also

;

For the sake of brevity let us place

_ 2^06 650-0 274 +
~~m~' ~~d^T' "274+ 1

'

f=A +
(

B4T
13

and substituting in eq. (1) these values, and
the value of n, as given above,

t c = isl[(p-/-m!)^
(l-cos^-^^^^-

Yxr

(/+ M i)

a + p -4-
ft 2 (0 - 0]

1+r

)
+

. (5)

This equation is general and applicable to

both kinds of condenser—cancelling the term

\i 2 (0 - 1) when it is applied to the surface

condenser. In the injecting condenser we
may also suppress a and j3 as being incon-

siderable compared with \i 2 (Q-t). In

reality the external and internal surfaces of

this condenser are always incrusted or oxi-

dized, and the latter is also always protect-

ed by a tissue of stagnant water—circum-

stances which diminish considerably the eon-

ducting power of the walls. It is otherwise

plain that (3 is a very inconsiderable quan-

tity, because the warm water in the bottom

of the condenser exposes to the steam only

its upper or warmer surface, while its inte-

rior conducting power is very small.
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For the injecting condenser then we may
place

= SL [(
p -/- M!)^

'«)+3(/+M^)
T ci

(*- cos

X

(6)^2(9
We have assumed R = 1. We shall also

have occasion to equate the value of Tc^'in

the forms,

JL
1+r

g (650-0)

Tci = £SL[(P-P)

t)) +

-h(l -

Sp
]

(7)

(8)

We will put this expression into another

form, which will show more clearly the in-

fluence of the surface 2. Let 2' be such a

value of this surface that the duration of

the condensation may equal that of a stroke

of the piston, or so that% = l. We shall

then have in eq. (4), in which a and (3 are

suppressed and R = 1,

t
g (650-0)

r//2'(e

g(650

i[l-
-*)J

whence cos

in other words

arc (cos = — 1)

Tfll' (9-0

q (650 -

=— 1.

Tfl

q (650

2' (9

-6)

Deducting from this equation the value

of q and substituting it in eq. (7), we have

SL^P-pJ^.^l-cos-f)Tc

+ 34 (10)

It is obvious that this formula is applica-

ble only for values of 2 greater than, or at

least equal to, 2'
; for if we assume a value

for 2 lower than 2', it would be equivalent

to supposing that the condensation would
take place at a normal temperature 6' higher

than d.

(10.) It may be remarked that all these

expressions of work consist of two elements;

one expressed by the first term, which is the

work due to the retardation of the conden-
sation, or its duration, and the other due to

the normal counter-pressure. I purpose
discussing these quantities separately, be-

ginning with the counter-pressure.

(11.) In principle there is no maximum
rate of injection. On the subject of normal

counter-pressure there is a prevalent opinion

that the volume of gases introduced increas-

ing with the quantity of water, there is, for

each kind of water and condenser, a rate of

injection to which there corresponds a mini-

mum counter-pressure. This is true, but it

is the result of imperfections in condensers,

and not of injecting condensation as a prin-

ciple, as we shall prove.

We have, taken (§ 6)

(B + 0)
5 - 13

. ,.

f being the part of the pressure due to the

gases brought by the condensing water.

Eq. (2) expresses the value of p in ordinary

condensers, where, as we have already re-

marked, it is necessary to inject about

twice the quantity theoretically necessary,

/~ 650 -0\ , ., .

( Q = q —-—— 1 on account or the imper-

fect mixture of the water with the steam.

If we suppose the mixture to be perfect,

then the equation

n 650 - 6
,

.

Q = ?-0—r • •
- {2a)

expresses the quantity effectively injected,

and the temperature, and may be used to

determine either one of these quantities in

terms of the other.

On this supposition, in place of eq. (2),

we have

B-f-ey- 18
,
1.03 q

V•*+m
supposing the factor

ti-t '

1, which

m
274 -d
274 - t

is approximately true in practice.

Replacing 6 by its value deduced from
the above

Q650+ t

Q = . J- (2b)

1 +
we shall have

Differentiating and placing -^- = 0,

TQ- =
°=-5 ' 13

° C(l + fi)J

+
650 - 1

(
1 + f)

-U
9

1.03

m

9

— • (2c)
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It is from this equation that we may de-

duce the value of Q which will give the

minimum value of p. We shall proceed,

then, to show that, within practical limits,

there is no value of Q which will satisfy

this equation.

1st. It is impi'acticable to condense be-

yond 100°, and it is rarely advantageous to

condense below 20°, which corresponds to a

tension of 1.70 centimeters of mercury,

which should be at least sufficient to raise

the valves of the air and water pump. Ac-

cording to eq. (2 b) the values of— corres-

ponding to 100° and 20° respectively, are

(supposing *=10°) 6.1 and 63.

2d. The value of m is hardly greater

than -jjV, an(i we w^ therefore take it at

that value.

3d. q depends upon the pressure II of the

steam before cut-off, and the quantity E, the

part of the stroke during which steam is ad-

mitted. H varies between 1 and 10 atmos-

pheres, and E between tV and \. Hence

we have<7=-x-; {u being the volume of

steam introduced, and A the specific vol-

ume of its resultant water at the pressure H.

For H — 1 atmos. and E = \

we find

u = X. and A = 1700;

whence
V

* 1700 X 2

For II = 8 atmos. and E =tV,
we find

m = -X and A = 254
;

15

whence

2
A
T

254 X 15'

4th. The volume of the condenser v va-

ries between
V
5

values into eq. (2 c)

B and C.

For 0-100°, or ^±= 6.1,

we find for H = 8 atmos.

-OS [0,3+^J-"

as well as the values of

Q

+ 640

X
254 X 15

145X7.I 2

+ .1-1.03X20 = — 1714-1

X 640

145X64*

+ 20.6

a result with a negative sign.

For = 20° or 9. = 63,

we find for II = 8 atmos.

_5as[«,a + 5-±||?J

X 2M * 15
X X-1.03 x 20-—171.14

i i

4- 20 6 - -

v ^ V'

a result also with a negative sign.

It is clear that the results will continue

to be negative in the case where the expan-

sion E is |) and a fortiori in any case where
it is expressed by a smaller fraction between

\ and -jV- It is also plain that the results

will be negative for pressures H lower than

8 atmospheres, since, in the negative term,

which alone is a function of the pressure,

the factor 254 will be replaced by numbers
exceeding that factor, in proportion as H
diminishes. Hence the equation (2 c) ad-

mits of no roots for values of the variable

corresponding to normal temperatures be-

tween 20 and 100 degrees ; in other words,

there is no minimum of pressure between
these limits. We therefore infer that we
may advantageously bring the normal tem-
perature 6 of the condenser as near to that

of the cold water as the circumstances of

each particular case will warrant ; regard,

being had to the manner of disposing of the

water. The vacuum has then no limit ex-

cept the residuary force necessary to lift the

valves of the air and water pumps. It will

be readily seen, from a particular example,

that with the cold water at 10° to 15° (since

we can practically obtain only a vacuum in-

dicated by 6 to 7 cent, of mercury, let 6 —
45°), we can, by suitably increasing the rate

of injection, and supposing that we can al-

ways obtain a complete mixture of water

and steam—we can, I say, reduce 6 to 20°

or 25°, and therefore reduce P to 2.8 or 2.

cent, of mercury.

I conclude, then, that that portion of the

work of the injecting condenser due to the

normal counter-pressure p S L can be re-

duced from .093 S L, corresponding to a

vacuum of 7 cent, of mercury, to .027 S L
corresponding to a vacuum of 2 cent., mak-
ing a reduction of say 71 per cent.

(12.) In formula (7) the first term is al-

ways positive, since P is always greater than

p ; otherwise the piston would be stopped

before the end of the stroke ; or if it con-
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tinued its motion by virtue of the inertia of

the machinery, the living force of the latter

would be diminished, so as to interfere with
the regularity of the movement of the en-

gine, and without any compensating advan-

tage. This shows that the cut-off may be

carried too far to allow of an efficient con-

densation. Hence, other things being equal,

if we make r vary, the work T c i will

diminish proportionally to (1+ ?-). Again,

g (650-0) .

cos -- -VTT5

—

tt increases from — 1 to +1,

according as Tand 2, or either of these two,

increase. It appears from eq. (17), which
follows, that the term expressing the work
due to the retard of the condensation is in

the inverse ratios of t2 and 2 2
. Hence the

inferences, that it is advantageous to in-

crease as much as practicable the vacuum
space of the condenser; to give the injected

jet of water the largest possible surface 2
;

and to increase as much as possible the

length of stroke of the piston.

(13.) The first of these conditions seems
to have escaped the attention of engineers

and builders. The only point upon which
they have been preoccupied in this particu-

lar is to increase in some measure the capa-

city of the condenser, with the object of

diminishing the back pressure of the gases;

persuaded, no doubt, that the condensation

is instantaneous. But eq. (6) shows that

T c i varies not only by the quantity M —
relative to the pressure of the gases, but
still more by the factor (1 -\-r). In fact

the rule generally adopted for the capacity

of the condenser, is to make it between ^
and -t that of the cylinder for single acting

engines, and ^ for double acting.

M. Farcot has deviated from this rule in

the engines of the Imperial manufactory of

Gros-Coillon, which have a condenser equal
to the cylinder in capacity. We believe we
can recommend his variation. We will show
the importance by an example. Take a

particular case, where P = 1 at. = 1.03 k.
;

£=0.1 at. = .103 k. Take formula (8),
where n= 1. Substituting, we have

./ .309

Make successively r= h i, 1, 2. Then

(i)

.377 S L

Tci = S L + •103)

1,2.

T d:
(i)

T ci= .360 S L
(1)

Tci= .257 S L

(2)

T c i = .206 S
and substituting

(4) (i)

T —

T

T
3)

120

377
.32.

T
(I) (2)

(i)
T

(i) (1)

T — T

171 = .45.
377

(T

(*)

T —

T

(2)

T
(i)

J103
360

154

360

= .28.

= .42.

Hence, in an engine expanding till the
pressures becomes I atmosphere, condensing
at 0.1 at., and where the duration of the

condensation equals the time of a stroke of
the piston,

1st. The condenser having a vacuum ca-

pacity of ^ the volume of the cylinder, (r =
J), if it be replaced by another equal to the

volume of the cylinder (r=l), then the

work T c i will diminish 32 per cent. If

replaced by one double the volume of the

cylinder, T c i will diminish 45 per cent.

2d. The condenser having \ the volume
of the cylinder, if the same substitutions

are made, Tci will diminish in the first

case 28 per cent, and in the second 42 per
cent.

(14.) As to the second inference (No. 12),

no importance has heretofore attached to it,

though it possesses a great deal. The water

is brought into a receiver placed beside the

condenser, whence it flows into the latter by
means of atmospheric pressure through a

common nozzle, with no provision, however
poor, for dividing the jet. It will be well

to examine the influence of 2 upon the work
of the condenser.

Let P = 1.03 k., p= .103 k., r = i, and
taking eq. (10),

128 (l - cos ~\ + .1031

it will be seen that, if 2 be only slightly

increased, Tci will be only insensibly dim-

inished. This last remark explains why we
obtain no improvement in the vacuum, prac-

tically, by increasing the admission of water

beyond a certain degree ; for though we in-

crease the admission of water, we increase

Tc?=S L
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the surface of the jet very inconsiderably,

and even this slight increase is counterbal-

anced, or even more, by the increase in the

quantity of gases brought in. But suppose

that, by means which I shall indicate, we
could double, triple, quadruple, centupled;

the differences between the values of T c i

would become very perceptible. For in-

stance, make successively 2=2'; 10 2';

100 2 ; then

(1)

T c i= S L [.128.2 -f .103] = .359 S L
(10)

T ci= .109 S L
(100)

Tc2=.1031 S L,

and

(1) (10)

Tci— Tci .250

(1)

Tci

(1) (100)
Tci—Tci

.359

.2559

(1)

Tci
.359

.69.

= .71.

Hence, having an engine where the dura-

tion of the condensation equals the time of

the stroke of the piston, where 2=2' or n

= 1, if we increase tenfold the surface of

the jet, the work will diminish 69 per cent,

and if we increase it a hundredfold, the

work will diminish 71 per cent.

(15.) Let us now inquire how the desired

increase in the surface of the jet may be ob-

tained, and within what limits it may be

properly increased.

M. Sanial du Fay, a naval engineer, has

devised a method of ''pulverizing" the

water, or reducing it to the form of spray,

thus giving it a great amount of surface.

This method consists in forcing the water

through two converging nozzles, so that the

two streams collide a short distance from
the points of emergence, the result being a

minute division of the water. The minute-

ness of the division increases with the pres-

sure under which the water is forced. By
this means a litre of water can be given 600
square meters of surface. The water enters

the condenser in this comminuted condition,

and the stream, mingling with it, obtains a

great surface of contact—as it were, parti-

cle with particle. There results a sudden
and intimate mixture, a very rapid conden-

sation, and a perfect equilibrium of tempe-
rature between the water of the condenser

(consisting of injected water, and water of

condensation) and the normal vapor of the

condenser.

(16.) Besides the advantage of rapid con-

densation, we also have the power of dimin-

ishing the actual rate of injection. Let us

examine this.

1st. The quantity of water at the tempe-
rature t necessary theoretically to condense

to the temperature is, for each stroke, Q
= q ——r— . Generally the quantity of

water required in practice varies between
1.75 Q and 2 Q. This is due to the fact

that a considerable portion of the water es-

capes contact with the steam, and has no
effect upon the condensation. Practically,

on the one hand, the surface 2 of the jet is

relatively small, and is but little increased

by opening wider the injection valve. On
the other hand, the water is kept flowing in

a constant stream, while it should, on prin-

ciple, diminish as the condensation goes on,

and terminate with it. Hence it happens
that the water issues from the condenser at

a temperature below 6, and the condensa-

tion occupies the whole stroke of the piston.

This is shown by the diagrams when they are

drawn with care, and by the aid of an indi-

cator sufficiently sensitive. To approximate
the rate of injection to the theoretical rate

there is requisite, not merely a rapid and inti-

mate mixture of water and steam, but also an
intermittent injection, lasting only during the

time absolutely necessary for condensation.

With this view I propose the following

arrangement. The cold water cistern, in-

stead of being open, is to be closed and put

into communication intermittently, at each

stroke of the piston, with steam which sur-

rounds the cylinder. This communication
should last a little longer than the time re-

quisite for condensation. The flow of the

water will be effected by the pressure of the

steam, and will cease the moment the com-
munication is intercepted. Fig. 2 will give

the idea substantially. D is the cistern,

subject to intermittent pressure ; A, a valve

worked by the rod of the slide valve; E, in-

jecting condenser ; F, steam port opening

into condenser ; Gr, communication with air

and water pump; a, Du Fay nozzles for

comminuting the water; they are fixed in a

copper pipe, which can be easily withdrawn
in case of obstruction, and another replaced

through the hole B ; C, reservoir of cold

water; R, check valve between the cistern

and reservoir. When the valve A is open,

the check valve R shuts; when it closes, R



VAN NOSTRAND'S ENGINEERING MAGAZINE. 621

Fie. 2.

fi! !!

! '
!'!'! !

!ii';i;M;i:!

is opened by atmospheric pressure, and the
water expended from D is resupplied auto-
matically by the reservoir C. By means of

such an arrangement the actual rate of in-

jection may be diminished so as not to ex-

ceed one-tenth the theoretical rate, which
is, in effect, the use of water amounting to

1.1 Q in place of 1.75 Q — an economy of
.65 Q7-. -_ or .37.
1.75

This economy may, in some cases, be a
matter of no small consequence ; indeed it

may become highly important when water is

in limited supply, or has to be pumped from
a great depth, or when it is necessary to

allow a high temperature in the condenser
and consequent strong back pressure, or
even to otherwise abandon the condenser
altogether.

2d. In a case where this economy of water
can be realized, instead of employing it to

reduce the normal temperature 6, and con-
sequently the back pressure of the con-
denser, we may reduce in the same propor-
tion, viz, 37 per cent the volume of the air

pump, and thus diminish sensibly the resist-

ing work of this member. The work T a of
this pump is

Ta=0-f- {lM-p')sl;
an expression in which is the work due to

the exhausting of the water and air, and to

friction ; s, the area of piston in sq. cent.

;

I; the stroke
; p, the mean pressure in the

condenser during a stroke of the piston.

Keeping in view the preceding, s maybe re-

placed by

s'=s (l-.37)= .63 s

and substituting

T«= 0-f (1.03-y) .63 si.

Allowing that remains the same—

a

supposition not favorable to our case—then

nn^r—*—68 =-37 -

(17.) The third condition mentioned in

(§ 12) with reference to the duration of the
stroke of the piston, seems to have received

no attention in the various projected engines.

This element of the problem has always been
made subordinate to considerations having
no reference to the development of power.
This will be seen by the following tables,

taken from examples given in the work of

M. Gaudry, Traite des Machines.

It appears by these tables that the dura-

tion of the stroke varies between 0". 375 and
1''.200, and without any relation to the ele-

ments of motor power (pressure, diameter,

and velocity of piston). It appears that

it has been determined only after the dia-

meter of the wheels or the pitch of the

screw, with the view to obtaining a given
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Parisien No. 2 120
240
125
120
450
280

'i48

450

1.5

1.5

4.0

6.0

5.0

3.5

.60

.70

.30

.40

.25

.25

1.00

1.20

.91

1.36

1.20

2.25

1.25

1.45

.86

.56

1.20

1.90

34
34
36
36
35
28

'

4.63

4.70

4.65

3.95

5.30

5.70

8.239

8.836

8.760
7.460

9.707

8.187

.937
Parisien No. 4
Papin No 9

.937

.833

832
857

1.071
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Names of Vessels.

Power. Steam. Piston.

Is
n

a
o o

P4

6—

GO

P

o

O

CD £•

i |3 s

360 643 1.0 .75 .68 1.40

380 623 1.0 .75 .60 1.40

400 919 1.7 .45 .91

620 1,351 1.5 1.06 1.24

950 1300 .80 1.63 2.42

900 2.5 .70 1.00 1.65
650 2.5 .80 .80 1.56

220 340 1.0 .70 .70 1.00

400 3.0 .30 .89 1.20

400 .... .70 1.00 1.20

Screws.

.r a
Ph

~ ^c^

Encounter
Arrogant
Niger
Termagant, geared 2 to 1

Napoleon, geared 2 to 1

.

Eylau
Isly

Cbaptal
Prirnauguet

Roland, geared 2 to 1

.

80
60
75
36
25
60
55
70
52
42

4.50

4.50

5.10

5.40

9.38

8.90

8.00

6.40

9.00

5.43

6.000

4.500
6.375

6.520

7.816

8.900

7.333

7.467

7.800

7.602

.375

.500

.400

.833

1.200

.500

.545

.429

.576

.714

velocity for the moving apparatus. In en-

gines already constructed this duration can

be modified only by changing the velocity of

the piston, and this by diminishing or in-

creasing the admission of steam. Under all

circumstances where the resistance to be

overcome will allow of a diminution of this

velocity it will be advantageous to make it.

But when we contemplate the construction

of an engine, and observe that we can vary

within certain limits the diameter of wheels

and screws, the angular velocities, and the

rate of gearing, we may realize the advan-

tages of a long stroke of the piston. For
example, the vessels Encounter, Niger, Ar-
rogant, Termagant, whose strokes are re-

spectively .375", .400, .500, .833 seconds,

might have been so constructed as to make
but 25 turns per minute, like the Napoleon,

by means of suitable gearing or otherwise.

We may put eq. (7) under the form

Tci- '-8L["(P v)
X ~f (65(M)

*

replacing the cosine by its value in terms of

the arc, and stopping at the second term of

the series, which gives this value. It will

be seen that, all other things being equal,

if we can vary the time of the stroke of the

piston, the portion of the work due to the

retardation of the condensation will diminish
proportionally to the square of this time.

(18.) Resuming the principal results fur-

nished by the discussions of the formulas
relative to the injecting condenser, we make
the following deductions.

1st. There is no maximum rate of injec-

tion. The vacuum of the condenser has no

other limit than the weight of the valves of

the air pump, and the portion of the work
due to the normal counter-pressure can be
reduced about 71 per cent.

2d. There is an advantage in increasing

the vacuum space of the injecting condenser.

By increasing it five times, the work due to

the retardation of condensation will be

diminished 28 per cent ; increasing it ten

times, it will be reduced 42 per cent.

3d. By injecting the water in a state of

fine division, this same work may be reduc-

ed 71 per cent. If the second and third

reductions are realized at the same time,

their combined effect will be (calling Tr the

work due to the retardation), T r (1 — .42)

(1 - .73) =17 Tr.
T r(l-.17)The total reduction then is

Tr
— 83, or 83 per cent.

4th. The actual rate of injection may be
reduced about 37 per cent.

5th. It is advantageous to make the time

of the stroke of the piston as long as may
be consistent with the work to be done.

(19.) To show the importance of the ad-

vantages resulting from the reductions of

work just mentioned, it only remains to de-

termine, by some examples, the relation be-

tween the resisting work of the condenser

and the developed motor power. I shall do

this, theoretically, by means of some for-

mulae I have obtained, and practically by
the use of diagrams, drawn with great care

by an ingenious contrivance made by M.
Farcot. These diagrams were constructed

by M. Demondiser, chief engineer of the

government manufactories, figs. 3 to 11.

We may observe that, in each diagram

the curve determines three areas, viz, the
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Fig. 3. area a b c d h i, fig. 3, which represents the

developed power per sq. cent, of surface of

the piston ; that is, the quantity

I^=HE(1+4);
the areayg- h i representing the portion of

the resisting work of the condenser due to

the normal counter-pressure p, which I shall

designate by T p ; that is, the quantity

Tp
S

=pL;

and the area d efg representing the other

part of the work of the condenser due to

the retardation of condensation, which I

shall designate by T r ; that is, the quantity

S ~ 5L"T+"r
I give in the following table the values of

T r Tp Tci
i

, , +1
-m— > tft

1—, -m— 5 deduced separatelyTw T»t T m r J

from the aforementioned diagrams, from eq.

(8), and also eq. (10), to a condenser modi-
fied conformably to the consideration in §

12-16.

The engine which furnished these dia-

grams made 29 revolutions per minute, and
its condenser had a vacuum space one-fifth

the capacity of the cylinder. The valves

had but a very slight lead. In the diagrams

the line of perfect vacuum was determined

by the pressure p observed by the manome-
ter of the condenser, and the portion of the

initial ordinate below the atmospheric line.

The values of n, introduced into eq. (8),

were determined by the diagrams. As there

was some uncertainty about the true posi-

tion of the point of contact of the arc of

the parabola with the line parallel to the

atmospheric line, there resulted also some
T r

indecision as to the true values of
Tin

and

consequently of
Tci

deduced from thatfoi'-Tm
mula. It will be readily understood

that the values deduced from the diagrams

are still less precise. There should be,

then, some differences in the results from

the diagrams and those deduced from the

formulae. But they approximate sufficient-

T c i
ly to allow the conclusion that -^— ranges

between 12 and 14 per cent, or a mean of

T r
13 per cent, in which -^— figures for seven

per cent, and
T p
Tm

Tm
for six per cent.
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It will be seen that, in the

T c i
actual condenser, -= va-

T TO

ries between .118 m. and .145

in., the mean being .130 ni.

This ratio, in the modified con-

denser, gives a mean of .033

m., being an economy of 6.5

per cent of developed power,

not including the economy in

the working of the air pump.

(To be continued.)

MALLEABLE CAST IRON.

Translated from "Le Genie Indus-
triel."

For the production of this

material most of the German
founders use first fusion pig,

free from sulphur and phos-

phorus, or Scotch pig. Styria

also furnishes a suitable iron,

which can be used only in the

north of Germany, however,

on account of the expense of

transportation and high duties.

On account of the competition

of wrought iron, great cheap-

ness is very essential to its sale.

The makers keep secret the

brand or grade of iron which
they employ, but it is well un-

derstood that the brands are

not the same in different estab-

lishments. The iron is melted

in plumbago crucibles, holding

about 30 kilog. They are cov-

ered with porcelain lids, to

keep out impurities and cinders

which reduce the high heat re-

quisite for the process. The
fire, in which the crucibles are

placed, is from .630 m. to .940

m. square, and is surrounded

with bricks of porcelain earth.

The use of blast is not advan-

tageous, since the economy of

time is offset by a greater con-

sumption of coke. The natural

draught of the chimney is suffi-

cient when the furnace is prop-

erly constructed. As we have

said, an essential condition of

success is a high heat at the

moment of pouring. Practice

enables tho founder to estimate

the heat of the furnace, and

he recognizes the precise mo-



VAN NOSTRAND'S ENGINEERING MAGAZINE. 625

merit by plunging a bar of red hot iron

into the crucible, from which, upon being

withdrawn, the metal flies off in sparks. The
crucibles are raised with tongs, with curved

jaws, and the pouring is done with all possi-

ble promptitude—the surface being first

cleaned.

By cementation the casting acquires the

properties of wrought iron, having some
analogy to steel. The operation consists in

subjecting the castings to a prolonged red

heat, in a bath of pulverized red hematite.

They are arranged in boxes of cast iron call-

ed muffles. It would seem that the cylindri-

cal form ought to be most advantageous for

the boxes, but practically they are simply

square, and with covers which should keep

out entirely the least access of air.

In arranging the castings in the boxes

they are placed in layers alternately with

layers of hematite. The cementing furnace

is very simple. The grate is in front, and

the draft of the chimney carries the hot all-

around the boxes. The heat should be con-

ducted with care, starting rather vigorously,

in order to reach quickly the desired tem-

perature ; then supplying the furnace at re-

gular intervals. The cementation lasts three,

four and five days, according to the size of

the pieces. A charge is about 350 to 450
kilog. of castings. In arranging the charges

large pieces should not be mingled with

small, and those muffles containing the larger

pieces should be placed in the furnace first.

On the other hand the smaller objects are

placed on the sole of the furnace. Without
these precautions many pieces may be

burned, or badly decarburized—the latter

becoming something intermediate between

iron and steel. When the operation is

deemed complete, the fire is allowed to

fall, but the furnace is not uncharged
until it has gradually cooled. Practice

plays an important part in the manage-
ment of the firing, as the temperature can be

judged of only after prolonged experience.

Next to the fuel, the greatest expense is the

cementing boxes, which are often serviceable

only for a single operation.

The Pennsylvania Steel Works.—
These works are producing eight heats of

five tons each in one "turn" of twelve hours.

This is remarkably fast working, and proves
the excellence of the machinery and of the

management. The entire eight heats of iron

are melted in one charge of the cupola, as

improved by Mr. Pearse.

Vol. I.—No. 7.-42.

AMERICAN RAILWAYS.

AN ENGLISH VIEW OF THEIR MERITS AND
DEFECTS.

From the correspondence of " Engineering."

In the mechanical construction of Ameri-
can rolling stock the bogie plays a most con-

spicuous part, and is the chief feature of

difference between our own practice and that

of American engineers. In America its

adoption is universal, whilst in this country,

in actual practice, it is very little known.
There must, of course, be some substantial

reason for so great a difference between the

practice of two countries so intimately con-

nected.

In the first place, then, the permanent
way in America is generally understood to

be inferior to our own, and on this point I

think very little doubt can exist. The sec-

tion of rail is usually considerably lighter

than with us, and is out of all proportion to

the loads it has to carry. The roads are

scantily ballasted, and the use of ballast at

all is the exception, and not the rule. Much
has also been said about the inferior quality

of the rails sent to America, but I would
venture to say the rails are "more sinned

against than sinning," as I shall presently

show.

Those who have not had an opportunity of

examining the permanent way can form no

idea of the rough character it presents. The
rails are laminated, bent, crushed, and out

of line to an extent entirely unknown in this

country. The "fishing" of the joints is

also clone in a very inferior manner, and
there are thousands of miles laid without the

joints being fished at all. On one line, where

I was detained owing to a goods train being

off the track—the result of a broken rail

—

I took the opportunity of noting the ine-

qualities of the road, and measured the dis-

tances the rails had parted asunder at some*

of the joints ; I found in many places the

gaps to vary from 1 in. to 3^ in., and the

ends of some of the rails thus separated

were off the sleepers altogether. The break-

ing of the rail in question, thei-efore, ceased

to be a matter of surprise. In winter the

ground is frozen, for months together, almost

as hard as granite, and, practically, during

this time no repairs can be done to the road
;

to make the matter still worse, in freezing-

it often happens that one rail is elevated 6

in. or 7 in. above the level of the other.

These "frost-blisters," so called, are of fre-
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quent occurrence, and the unevenness of the

line is a source of great trouble and danger.

Some idea may be formed from this of the

difference between the American permanent

way and our own. It is to such roads as I

have described that American engineers have

had to adapt their rolling stock, and for

them the bogie is an absolute necessity, as it

enables a carriage to pass over such roads as

I have described with less oscillation, vibra-

tion, or jolting than is experienced in the

railway carriages in this country.

It is only justice, however, to say here

that, with increased capital and other favora-

ble circumstances, many of the American

lines are being gradually reconstructed and

the permanent way made generally equal,

and, in some respects, superior to our own
;

rails of heavier and better sections are being

laid down, and steel rails, with steel fish-

plates, of greater length than ours, are being

largely introduced.

It may, therefore, be worth while to con-

sider if the Americans can construct carriages

to pass smoothly over rough roads, whether

it be not possible for English engineers to

construct stock which, at all events, will run

with some degree of comfort over lines which

are incomparably superior. The chief dif-

ference between the two is, that in the

American arrangement, all, or at least the

greatest part, of the motion arising from the

irregularities of the road is absorbed by the

bogie, and not transmitted to the body of

the carriage, whilst with us every uneven-

ness in the road is at once communicated to

the body of the carriage, the result being

that our carriages oscillate at times to a

frightful extent, which not only unpleasant-

ly affects the passengers, but is a source of

considerable extra expense to the railway

companies, for the carriages require to be

much heavier than would otherwise be neces-

sary, to withstand the shocks caused by the

whole weight of the carriage being thrown

violently from one side to the other ; the

flange friction and also the friction on the

ends of the journals is much increased, and
the damage to the tyres and permanent way
consequently much greater.

It is often a matter of wonder why
omnibuses traveling over roads which for

evenness bear no comparison to a railway

should be so much lighter in proportion to

the load they carry. Put hornplates on an

omnibus, and you will soon shake it to pieces,

and no passenger would ride in it a second
time. In an omnibus, however, the irre-

j

gularities of the road are absorbed by the
springs, and not transmitted to the body of

the vehicle, and why should not the same
principle be carried out in railway practice ?

Some time ago Mr. Attock, the carriage

superintendent of the Great Eastern Kail-

way, successfully interposed india-rubber

blocks between the body of the carriage and
the frame, in order to prevent the noise be-

ing transmitted ; the arrangement having
also other advantages. The comfort to pas-

sengers was found to be so great from this

simple introduction that most of our railway

companies immediately adopted it, and few
carriages are now constructed without the

india-rubber blocks. If this principle were
carried a little further it would be compara-
tively easy, not only to prevent the trans-

mission of sound, but also of violent motion
arising from inequalities of the road, and
the principle embodied in the swing bogie of

America would accomplish this, and might
easily be adapted to the existing rolling

stock.

Having said so much in reference to the

principle and utility of the bogie, I may
proceed to another distinctive feature in

American rolling stock—the chilled cast-

iron wheel. The Americans are perfectly

familiar with the construction of our car-

riages, wagons, and locomotives, and the

best English examples have been tried on
their lines of railway. I saw in the shops

of several railway companies numbers of

English-made wheels, both wrought iron and
wood ; some of these had been tried, but

very soon broke up, and were frequently the

cause of accidents.

However anxious American engineers are

to adopt the best arrangements of their own
or other countries, we have not been able to

offer them wheels at all approaching in

strength, durability, and cheapness to their

cast-iron chilled wheels.

It was shown both in a recent paper*

and during the discussion which followed

upon it, how much stronger, cheaper, lighter,

and enduring these wheels as manufactured

in America (and also on the Continent,

where they are largely used) are to our own.

Since the Americans have paid us the com-

pliment of trying varieties of wheels manu-
factured in this country, we might return

the compliment, and see how far their

wheels would be valuable to us here. One
of our most enterprising locomotive super-

*Read before the Institute of Civil Engineers.
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intendents, Mr. William Adams, has already

made an experiment with them, and in reply

to an inquiry as to the result, says, that after

running them for a considerable length of

time under the bogie of one of his heavy en-

gines, he could see no traces of wear at all,

and that the surface in contact with the rail

was simply polished.

The American wheels are made from the

best cold blast charcoal iron, the strength

of which is exceedingly great, as may be

judged from their test bars standing a tensile

strain of 18 to 21 tons per square inch of

section ; and not only is the tensile strength

great, but their tenacity is equally striking.

In breaking the pigs I have seen them bend
to a very visible extent before separating.

Scotch iron in one or two instances has been

attempted, mixed with superior American
iron, but without success, and all such ad-

mixtures are regarded with extreme sus-

picion, and are only attempted by inexperi-

enced or unprincipled manufacturers. It is

worthy of remark that even among the bet-

ter class of charcoal irons there is almost as

much difficulty in obtaining suitable material

(with the requisite chilling and other pro-

perties) for these wheels, as there is in select-

ing suitable material for good Bessemer
steel. In America, out of a considerable

number of generally excellent irons there are

not more than half a dozen which have ob-

tained a special reputation for this class of

work, among them the Salisbury, the Rich-

mond, and more recently, and with remarka-
ble success, the Acadian charcoal iron,

which, notwithstanding the very high duty
of nearly £2 per ton, has been imported
from Nova Scotia for the manufacture of

chilled wheels by Messrs. Whitney and Sons,

of Philadelphia.

In Germany, too, where these wheels are

greatly in vogue, and where their manufac-
ture has been conducted with special skill,

the range of selection of really suitable

irons is comparatively small. The cost of

such iron ranges from £6 10s. to £7 10s.,

or even more, per ton in the States, and the

price of wheels 2 ft. 9 in. diameter, weigh-
ing from 400 to 550 lb. ranges from £2 15s.

to £3 7s. 6d. per wheel or an average of

about £14 to £14 10s. per ton. The dis-

tances travelled by these wheels have been
variously stated, but the average may be
safely taken as from 100,000 to 150,000
miles. I may just mention that the wheels
are not keyed on, but simply forced on by
hydraulic pressure, varying from 20 to 30

tons. There is nothing peculiar about the

axles employed, but the axle-box is simple

and convenient in construction. On many
lines the bearing is formed by running white

metal into a brass frame, which is found to

be much more economical than brass alone.

The distance these bearings will run is from

50,000 to 55,000 miles, and afterwards they

are again lined up. The journals are lubri-

cated with crude surface rock oil from the

wells of Pennsylvania, the cost of which is

only 6d. per gallon ; in England we pay
from 3s. to 4s. 6d. per gallon.

It is very pleasing to note the efforts made
by all the railway companies in America to

secure the greatest amount of comfort to the

passengers. The subject of ventilation has

occupied considerable attention, and ingeni-

ous contrivances for effecting this most de-

sirable object are very numerous and inte-

resting. It is a very easy matter by open-

ing a window to admit a rush of air into a

compartment, as many of us know to our

cost, and it is very uncomfortable to be stifled

by having the windows closed altogether
;

between the two—in this country—we have

very little alternative ; there are certainly

what are termed ventilators over the doors,

but they are all but useless, not being con-

structed on any correct principle for the

proper circulation of air.

Now, the Americans have a very simple

plan for exhausting or drawing the impure
atmosphere out of their carriages, which
is the principal difficulty experienced in all

attempts at ventilation. On one occasion,

whilst traveling in a sleeping car, I felt a

strong inclination to smoke a cigar ; I asked

the attendant if it were permitted, and was
informed that such a thing was never allow-

ed ; but, seeing that I was an Englishman-

—

and with that desire which, I must say,

evinces itself at every turn to show atten-

tion to our countrymen—he said :
" Though

it is not allowed, Sir, I will fix you up so

that you can smoke your cigar and no one

shall know. I was curious to see how this

was to be done, as there were passengers

sleeping on every side who would certainly

have complained had they perceived any-

thing so unusual. ' Presently he appeared

with a small flat board about 7 in. wide and
13 or 14 in. long. " This, Sir, is the ven-

tilator, which 1 shall put in the window,
and you can then smoke as much as you
like." He then opened the window, and
inserted the board so that it projected at

right angles to the carriage-body, immediate-
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ly causing a strong outward current of air

which took away the smoke. The principle

of it is easily seen : the board causes a rush

of air in front of the window, to the distance

it is projected, and a vacuum is thus created

on the other side of the ventilator, and the

air exhausted from the carriage. With this

simple contrivance—and the same principle

is carried out in various ways by the Ameri-

cans—for exhausting the foul air, and by

admitting the pure through a considerable

area of fine wire-gauze, either in single sheet

or a double, placed so as to leave a space

between the two—instead of allowing the

air, as is the usual practice here, to rush

through unchecked openings injudiciously

placed, causing dangerous draughts—we
should have a very efficient method of ven-

tilation.

I would next make a few remarks on their

locomotives. It has been said that the dif-

ference between between English and Ameri-
can locomotives is in outward appearance

only : this may be so to a great extent, but

I think there are points of detail (and points

of detail are sometimes very important)

which are worthy of note and consideration.

The first glance at an American locomotive

gives you the impression of an old Bury
engine with a bogie in front and a great deal

of Birmingham finish, and one is inclined

to imagine that American engineers cannot

have seen English locomotives, but this idea

is soon dispelled when they are examined in

detail or their performances witnessed. The
curves on some of their main lines are very

severe : as an example, those on the Penn-
sylvania Central above Altoona are set out

to a radius of 600 ft., not for short distances

only, but in long lengths of continuous

curves. The heavy traffic is worked over

this section of the line by means of six-

wheeled coupled engines, which in passing

round the curves have comparatively no
flange friction at all ; the bogies of these

engines have a swing motion similar to that

of the carriages, which leaves the engine,

to a great extent, free in front ; the bogie

wheels are made to correct guage, and, in

order to prevent grinding or flange friction,

the leading and centre driving wheels are

virtually without flanges, the leading wheel
having no flange and the middle wheels be-

ing very slack in guage, whilst the trailing

wheels fit the gauge exactly. From this it

will be apparent that there are no binding
points throughout the whole wheel base.

The tyres of the two middle wheels are

made much broader to allow the necessary
lateral travel. Four-wheeled coupled en-

gines are also sometimes made without any
flanges on the driving wheels.

The framing is made of square bar iron,

well put together
;
plate-framing has been

tried and abandoned. The slide valves are

horizontal and worked by means a rocking
shaft ; direct-acting, valves have been tried,

but given up, and all engines with such valve

arrangements sent from this country have
been altered.

Instead of the balance weight to the link

motion, a simple arrangement of coil spring

has been substituted, which has a neat ap-

pearance and enables the reversing lever to

work more freely.

A "Ramsbottom" arrangement of screw-

reversing gear has on some lines been adopt-

ed in combination with the reversing lever,

so that either one or the other can be used.

The eccentric straps and sheaves are of cast

iron, neither brass nor white metal being

used. They wear much better, are much
cheaper, and give no trouble. The smoke-

box is simply a continuation of the boiler

plates, and the smoke-box door is of cast-iron.

This makes a strong, substantial arrangement,

and at the same time cheap and easy of con-

struction.

Steel boilers are becoming very general, and
were to be found in the locomotive shops of

all the railways I visited, and steel fire-boxes

were also very largely employed. American
engineers have no hesitation on this sub-

ject, and could they obtain good steel plates as

cheaply as we can in this country, the use of

iron plates would soon be abandoned. The
fire-boxes are only | in. thick, and some of

the locomotive superintendents informed me
that, were it not for the difficulty of the

stays, they would have them still thinner.

Thin plates are advantageous in two ways
;

steam is generated more rapidly and economi-

cally, and they admit of easy expansion.

Steel fire-boxes have broken in this coun-

try, but this, I believe, was owing in a great

measure to the thickness of the plates.

Whilst we are hesitating in this country

about the use of steel boilers, the Americans
have passed through the field of experiment,

and are now largely using them. I saw a

steel boiler tested at Pittsburg ; the plates

were ^ in. thick ; the boiler was 38 in. dia-

meter and 4 ft. long, with flat ends stayed

longitudinally. Some of these stays gave

way with a pressure of 780 lb. on the square

inch, and one end of the boiler was blown
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out, the thickness of the plates being much
greater than in the barrel. Before bursting,

the barrel stretched 4 in. in circumference

beyond its original dimensions.

The weight on the driving wheels of the

4-wheeled coupled engines is from 8 to 12

tons, being very excessive for the prevailing

light sections of rails.

We are astonished when accounts reach

us of the number of rails broken in America,
but to any one who has been over there and
investigated the subject, it is a matter of

surprise that the number is not greater. The
weight of the rails, generally, is from 56 to

60 lb. when new, but, but after several years'

hard wear this will be reduced to about from
48 to 52 lb. The rails are so crushed in

many places as to reduce the section to the

web and bottom only. That such rails

should break with engines of 30 to 35 tons,

with 12 tons on an axle, is certainly not sur-

prising.

Though the engine plays a destructive

part in the wear and tear of the rails, the

wagon stock is equally, if not more, destruc-

tive. The worst feature in this department
is the inefficiency of the springs under the

wagons. India-rubber is employed to a great

extent, and thousands of wagons are provid-

ed with nothing but small blocks of rubber
of such insignificant dimensions as virtually

to render the wagons without springs at all

;

and in winter time, especially, when the

ground is frozen as hard as stone, and when
the greatest amount of elasticity iu the stock

is required, these small blocks of rubber are

practically of no value, and wagons weighing,

when loaded, from 20 to 25 tons, are' running

dead over the frozen track. Some of the

wagons, provided with steel springs, are very
little better. I measured a number of the

springs and found them actually not to ex-

ceed 12 in. between the bearing points, and
far too stiff and rigid to afford any relief to

the superincumbent load. I have seen a

number of anxious American letters on the

subject of rails sent out from this country,

both iron and steel ; but of what extraordi-

nary material must a rail be made to stand

such punishment as I have referred to, not
to mention other causes which I will not now
attempt to discuss.

As a brief comparison of the relative

amounts of dead weight to the load carried

would, perhaps, be interesting to your
readers, I may mention that the American
carriages generally carry about 70 passengers
each. The weight of the carriages, former-

ly, was from 12 to 15 tons, but those recent-

ly constructed are no less than 15 to 17
tons.

The " drawing-room cars" (so called from
a fear of making any avowed distinction of

class, such as first, second, and third) are

still heavier, while the weight of the sleep-

ing cars are from 20 to 35 tons. The
greatest difference, however, between the

practice of the two countries lies in the dead
weight to the paying load in their goods
traffic. The largest proportion of their

freight cars are covered goods wagons, mea-
suring from 28 to 30 ft. long and about 8 ft.

6 in. wide, with a bogie at each end. The
total weight of these wagons is from 9 to 11

tons, and the load they are required to carry

is from 9 to 12 tons, or, practically, an equal

weight of dead load to the paying weight
carried.

So miscellaneous are the weights and di-

mensions of our English wagons that it is

difficult to classify them, but taking a fair

average we may safely assume that as regards

dead weight we have an advantage of at

least 30 per cent, in our favor.

FOUNDRY ECONOMY.

In a late lecture on " Applied Mechanics,"

before the Society of Arts, Mr. John An-
derson, C. E., Superintendent of Machinery
to the War Department, after familiarly de-

scribing the distinctive properties of cast

and wrought iron and steel, proceeded to

speak of the molecular structure of metals.

All metals, he said, are crystalline, but the

crystallization is better observed in some me-
tals than in others. In cast iron, especially, it

is very apparent. The crystallization of cast

iron is governed by a natural law. This law

was first pointed out, to the best of his belief,

a few years since, by Mr. Mallet, and is this

:

When cast iron is in a liquid state—when
the molecules have sufficient heat amongst

them to give liquidity—the direction of crys-

tallization is determined by the lines into

space which the heat takes. When this law

was first started it was received with skepti-

cism, but ever since the law had been point-

ed out, he (the lecturer) had never observed

in any piece of broken metal an example to

the contrary. If we introduce into castings

irregularity of figure, or anything which

creates currents outwards in various direc-

tions, then we get wrong ; we introduce lines

of weakness. According to this law, guns

up to this time have always been made wrong.
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The Americans are acting upon this law in

everything they are doing, and that gun of

theirs which some time hack came to this

country, almost like a soda-water bottle in

shape, was constructed in strict accordance

with this law, and, therefore, possessed the

utmost strength attainable with the same
weight of metal. The molecular appearance

of cast iron depends on the rate at which the

heat is hastened out of the casting.o
As to the goodness of cast iron, goodness

for small castings is not goodness for an
hydraulic cylinder

;
goodness for an hydra-

ulic cylinder is not goodness, for a gun.

Density is a quality good for both the latter,

but we don't want ductility for an hydraulic

cylinder, but for a gun it is required ; for

the hydraulic cylinder we want very great

density. As a rule, the hardness of cast

iron or cast steel depends upon three things

:

1, on the quantity of carbon which the mass
contains ; 2, on the heat to which it was
raised before carrying the heat out of it

;

and 3, on the rate at which that heat is has-

tened out it. All these conditions go to de-

termine the character which cast iron or

cast steel assumes. In casting iron in

moulds, where hardness is wanted, some
method is adopted so as to carry the heat out

rapidly, and where softness is required, means
are taken to allow the heat to go out slowly,

and it does not much matter what the method
is so long as it is effectual. The hardness

of steel depends upon the quantity of car-

bon which it contains, and on the rate at

which the heat has been carried out of it.

After alluding at some length to the founder's

art, the lecturer proceeded to speak of the

casting of a fly-wheel, pointing out that the

only thing which would preserve such a

casting intact whilst cooling was to take care

that every part should cool at the same rate.

The arms, being least in substance, would
naturally cool first, but they must be kept

hot by covering them with fire or by any
other convenient means. If we require a

particularly good casting, it must be cooled

slowly.

Many of the difficulties of the caster

would be got rid of if we could prevent the

formation of the gas within the mould. The
Americans are very much more careful in

this respect than we are, and this is the ex-

planation of their cast-iron guns standing

so well. Mr. Babbitt uses old firebricks,

which after, say ten years' service, have not

changed color '; any firebricks at all discolor-

ed he rejects. He grinds these to a powder,

and thus gets a perfectly pure and refractory

material for his molds, using pipeclay, the

best material for the purpose, to render it

adhesive. The mold is first made red-hot,

and this red-hot mold then receives the metal.

Not a particle of gas is generated by the

mold. Another American founder, Mr.
Hams, uses kaolin, which he obtains from
England (Devonshire), and treats it in a
similar way to that in which Mr. Babbitt
treats his powdered firebricks and pipeclay.

To show the earnestness of our American
competitors—and we shall have them as

competitors—they resort to the method of

of taking the heat out of the castings in the

way which would be least injurious to them.
They try to establish the conditions of a

built-up gun in a cast-iron one, to have
every atom of the gun under tension. We
English, as a people, must pay the same at-

tention to natural laws as the Americans
and the French are doing.

ELECTRICITY AS A MOTIVE POWER.
From the " American Journal of Mining."

Some time ago we touched lightly on this

subject in an article entitled : "Electricity

and Steam." We pointed out how much
more expensive the former is than the latter,

for the simple reason that the source of the

first power is zinc, a product of art, and of

the latter coal, a product of nature, also that

if we add to the difference in price, the dif-

ference in the chemical equivalent which
makes six pounds of coal as effective as 64
pounds of zinc, we obtain as a result that

zinc will be more than 100 times more ex-

pensive than coal. But the difference in

coal is practically even more than this. For
the oxidation of the zinc acids are needed,

also products of art, and for the oxidation of

the coal or carbon common air, a product of

nature, literally costing nothing at all. Now,
as there is no reason whatever to suppose

that electric engines are more perfect than

our best steam engines, with all the modern
improvements, for the reason that our ex-

perience in manufacturing electric engines is

very small, and in the steam engines very

great, we may confidently assert that the

continual running of an electric engine for

practical purposes would at the present day

cost a thousand times more than the amount
incurred by a steam engine, so that the

amount of power obtained from the first, at

a cost of ten dollars, would be obtained from

the last at a cost of only one cent.
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Notwithstanding this, we see from time to

time inventors—who, by the way, are often

apt to forget what should be the final ques-

tion in regard to all enterprises ; will it pay ?

—basing their experiments upon our present

highly expensive sources of electricity, and
contriving new combinations of currents and

magnets, hoping by some scientific hocus-

pocus combination to obtain a miraculous

effect. Some twenty years ago there was a

large electric engine mania among inventors,

just as there is at the present day in regard

to ice and cooling machines. Scarcely a

month or even a week passed that some new
combination of electro-magnets of peculiar

form, was not exhibited, usually patented, as

each inventor supposed his combination to

possess such superior advantages to outdo all

competitors in that line ; often, however, the

peculiarity insisted upon by the inventor, as

a great advantage, turned out to be a defect,

and the machine would perhaps scarcely go

at all. We remember in this connection

some machines remarkable for the total want
of theoretical knowledge shown by the in-

ventors. One of them had enormously elon-

gated pole ends at the electro-magnets, the

inventor erroneously supposing that their

large surfaces of iron would exert great at-

traction, and not knowing that such elongat-

ed poles acted like attached keepers, absorb-

ing almost all the attractive power developed

by the coils ; however, the machine was
made on a large scale, at the expense of

several thousand dollars, and when finished,

showed much less power than the simple

machine—in fact, it scarcely moved at all.

In order that the uninitiated reader may
fully understand all this, and what is to fol-

low, it is only necessary to state, that when
a piece of soft iron is surrounded by a coil

of insulated copper wire, and an electric

current passed through this wire, the iron

will become a strong magnet, and lose its

magnetism at once when the current is in-

terrupted. All that is necessary, therefore,

to cause intermittent attractions is an inter-

mittent contact with the electric battery, and
these attractions will cause to-and-fro mo-
tions, which by means of a crank may be
changed into rotary motion ; or the inter-

mittent magnets may be placed on the cir-

cumference of a wheel, and attract similar

other magnets, or as many pieces of iron ; the

contacts with the battery being made and
broken, by means of some automatic arrang-
ment worked by the motion of the machine
itself.

Numbers of such contrivances have been

made, and may be seen in every physical

cabinet ; but in fact they are in a physical

point of view mere illustrations, of the pro-

perties of electro-magnets. When considered

in a mechanical point of view, they are mere
toys; and in reality there never was a machine
of this kind yet constructed, even on a large

scale, which was in reality more than a toy.

But not only these so-called electro-

magnets will attract one another, or attract

iron, but the currents themselves will attract

each other when running in the same direc-

tion, and repel one another when running in

opposite directions.

This was discovered by Ampere in France,

some 40 years ago, and has given rise to a

new branch of physics, called electro-dy-

namics. It was first applied to moving ma-
chines by Mr. Vergnes, from France, living

in New York City, who had made the

study of electricity a speciality, and, in the

ambition of his inventive genius, again over-

looking the great ultimate question as to

cost, constructed the largest electric motive

engine perhaps ever made. It was repeat-

edly on exhibition, and was shown in the

Crystal Palace, New York, at the world's

fair in 1852. It worked admirably, and
with seemingly considerable power, which,

however, never was measured. It is a curious

fact that in any machine of this kind the in-

ventors always oppose most strenuously any
^such measurement. The battery used was
enormous, many hundreds of cups and car-

boys of acids being in operation, so that the

expense must have been ruinous.

In this machine Mr. Vergnes had wisely

combined the attraction of the iron of the

electro-magnets, with the attraction and re-

pulsion of the currents themselves, accord-

ing to Ampere's discovery ; for the reason

that the attraction of the currents, or rather

of the wires conducting the currents, is com-
paratively very weak, so that quite a strong

battery is required to demonstrate this at-

traction at all, while the attraction of electro-

magnets will manifest itself most strikingly

with a battery of one-hundredth part of the

size of that required to cause the mere cur-

rents to attract each other. This fact is

well known to every one who has ever ex-

perimented with voltaic batteries, currents,

etc.

Taking all this into consideration, we can-

not disguise our great surprise, that the

newspapers should this week contain a glow-

ing description pf a so-called newly-invented
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electro-motive engine of M. Griel, a French
military officer, based on the action of cur-

ents on currents ; asserting that all inventors

thus far had confined themselves to the use

of electro-magnets, and that here for the

first time the laws of dynamical electricity

have been brought into play.

Now the fact is, that if not in all, at least

in most philosophical collections, there are

pieces of apparatus, in which, on a small

scale, this principle is illustrated, and
Vergnes, mentioned before, has, with many
others, put this principle in practice, but

found that when discarding the use of elec-

tro-magnets entirely, the most advantageous
effects were lost. No doubt Mr. Grid's
machine would be stronger if advantage were
taken of the powerful magnetic action ac-

quired by soft iron under the influence of

electric currents, in place of confining the

power to the comparatively weak attraction

and repulsion produced on the pure electro-

dynamic principle.

The battery described for driving this

machine is identical with Bunsen's, namely
amalgamated zinc, diluted sulphuric acid,

porous cups, strong nitric acid and coke. It

appeai-s to be of enormous dimensions, and
of course correspondingly enormous expense.

The most curious thing, however, is the

calculation of Mr. Griel, by which he at-

tempts to prove that when using steam the

expense increases in direct ratio of the horse-

power obtained, and that when using his,

machine, it will only increase somewhat as

the cube-root of the power obtained, as

shown in the following table given by him :

Horse-power Expense

—

obtained. Steam. Electricity.

2

16 $S $2
64 16 3

250 125 5

2,000 1,000 10

and conceding that for two horse power ele-

tricity costs 25 times more than steam, when
using 250 horse power it becomes equal, and
for 2,000 horse power it will be four times

as cheap.

Now, the fact is that electricity, in the

way he obtains it, is not only 25 times, but

1,000 times more expensive than steam, and
that the calculation of relative reduction of

expense for greater power is entirely false

and erroneous.

To crown all, he states that he can apply
his machine to railroads, and by means of an
electro-magnet of his invention (most wonder-

ful) cause the electricity to wash from the
wheels of the machine upon the rails, and
proposes to ascend any grade with the great-

est facility.

It is now several years since M. Nickles,

of France, who, we regret to say is recently

deceased, proposed to accomplish the same
thing by similar means, and about six

years ago the same idea was again revived

by an American inventor, who tried to pre-

vent the slipping of the driving wheels on
the rails by exactly this plan, making that

part of the wheel which touched the rail a
temporary electro-magnet. It was tried, at

great and prolonged labor and expense, but
given up as totally impracticable. One
French inventor goes even further, and ap-

pears to have the intention of also driving

the cars forward by his machine.

It is matter for surprise, that the editors

and reporters of our public press, otherwise

so well informed in matters political, religi-

ous and otherwise, are so little posted on
scientific matters, as continually to be
deceived by the pretentious claims of inven-

tors. True men of science too often meet
with cold contempt, while charlatans and
deluded enthusiasts are received with almost

superstitious credulity.

TORPEDOES.
From the "Pall Mall Gazette."

The strides which have been made within
the last ten or fifteen years in the application

of science to warlike purposes are nowhere
more marked than in the use of electricity

as a military agent. It is applied to mili-

tary telegraphy, to signalling and reconnoi-

tering purposes, to the determination of the

ballastic powers of guns, to many naval uses,

such as signalling and the simultaneous dis-

charge of broadsides ; to various experi-

mental purposes, including the proofof guns
;

last, but not least, to the explosion of land
and submarine mines. The history of the

subject and its most recent phases were
treated a few nights ago at the Royal Insti-

tution by the gentleman to whom above all

others we are indebted for the development
of this special branch of application of the

science. The interest of Professor Abel's

excellent lecture centered, however, in his

account of what has been done in this coun-

try towards the establishment of a system of

torpedo defence. It was the first authorita-

tive utterance on the subject which has yet

been heard, and the immense importance of
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the question, combined with the secrecy in

which it has thus far been shrouded, suggest

the desirability of taking advantage of the

occasion to say a few words about it.

Torpedoes form the most important class

of those marine obstructions which are now
generally admitted to be indispensable to

effective coast and river defense. They are

the active as contradistinguished from the

passive obstructions. The importance of

obstructing roadsteads, rivers, and harbors

—of placing, so to speak, an outer belt or

circle of defenses, external to the chain of

forts, and even where no forts existed—has

long been understood. It would be difficult

to assign a date to the first employment of

rude appliances of some sort for effecting

this object ; even submarine mines, which
are a more advanced type of defense than

piles and artificial barriers and fire ships,

were used as far back as the sixteenth cen-

tury, when they were employed, in 1583, by
the Duke of Parma at the siege of Antwerp.
The English used them against the French
ships oft' Kochelle in 1628, and during the

long lapse of years between 1628 and 1854,

the subject was never wholly lost sight of.

Always there were men with contrivances

more or less ingenious, more or less impractic-

able, ready when the opportunity offered to

revolutionize with their torpedoes the art of

coast defense. But science was during that

time in its infancy. The torpedoes in occasion-

al use prior to 1854 were rude and imperfect,

and the development of the subject was
cramped by the absence of sufficient know-
ledge or study to enable electricity to be

usefully employed as the agent of ignition.

Thus the first torpedoes were of the mechan-
ically exploding class. All sorts of plans

were devised and all sorts of agents were
employed—percussive, frictional, chemical,

and clockwork. It is evident, however, that

mechanical torpedoes can never be altogeth-

er satisfactory. They are open to one sa-

lient objection, viz, that once in position and
ready for action they close the navigation

alike to friend and foe, and there is always
a certain amount of danger attending their

manipulation. These evils have been at-

tempted to be mitigated by various safety

arrangements, so-called, the application or
the removal of which, however, as often as

not proves so dangerous as to furnish a for-

midable objection to their employment.
Thus, when the Prussians employed, for the
defense of Cronstadt, mechanical torpedoes
with a safety arrangement, which should

have been removed at the last moment, they
generally, for very good reasons of their

own, neglected to remove it, and the torpe-

does in consequence proved absolutely in-

nocuous. Again, the removal of the torpedo

is frequently a source of danger, and several

instances have recently occurred in America
of loss of life under these circumstances.

Nevertheless, mechanical torpedoes will pro-

bably always possess a certain value, as on
remote foreign stations, where the means of

defense have to be extemporized on an emer-
gency, or for what are called "drifting" or

movable torpedoes. This abortive employ-
ment of torpedoes in the Russian war of

1854-5 marks the first systematic use of the

instrument in European warfare on a large

scale. In 1855 electrical torpedoes were
attempted; and by 1859 the Austrian Go-
vernment had succeeded, with the assistance

of Baron von Ebner, in perfecting a suffi-

ciently simple and practical system of elec-

trical torpedo defense, which was applied,

although without results, at Venice. Until

lately the Austrians may be said to have
headed the science, and their exhibition of

a complete system of torpedo defense form-

ed an interesting part of the display at Paris

in 1867. No really important illustration

of the great value of torpedoes was furnished

until the late American war, when these

agents were employed in many forms, chiefly

by the Confederates, and with remarkable
results. No less than twenty-five vessels of

the Federal navy were destroyed and nine

others were injured by the explosion of tor-

pedoes ; and thus an impetus was given to

the subject, similar to that which breech-

loading derived from the Bohemian cam-
paign of 1866. If any one wishes to study

the detailed application of torpedoes during

the American war, he can hardly do better

than consult Von Scheliha's Treatise on

Coast Defense, where also he will find the

following important deductions from the ex-

perience obtained during this contest: "No
forts now built can keep out a large fleet un-

less the channel is obstructed." "No fleet

can force a passage if kept under fire by ob-

structions." " In no single instance did a

naval attack succeed when the channel had
been obstructed, and in no single instance did

it fail when the channel had remained open.'
"

The attention of our Government was di-

rected to the subject towards the close of

1863, when a committee was appointed, at

the suggestion of Colonel Jervois, R.E., for

the thorough practical investigation of the
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whole question of marine obstructive de-

fense. From that time uutil the latter part

of last year, the committee was actively en-

gaged in an experimental inquiry, and the

result has been the compilation of a report

which is likely to prove the most complete

and exhaustive treatise on the subject yet

produced. Hitherto the report has been

treated as confidential, and it is, no doubt,

desirable that the details of the committee's

recommendations should remain secret. But
no objection can be urged against the pro-

duction of so much of the report as would

inform the public in general terms of the suc-

cessful termination of the committee's labors,

and of the broad results purchased at a not

inconsiderable expenditure of time and mo-
ney. It would be satisfactory to have some
definite and authoritative assurance that the

national interests have not been neglected in

this vital question of defense, as well as an

assurance that the recommendations of the

committee will be duly and. practically ac-

cepted. We observe that the very inade-

quate sum of £2,000 has been taken in this

year's estimates for the provision of torpedo

equipments, and for further inquiry and in-

struction. The gunnery ships of Portsmouth
and Plymouth, and the Engineer's School at

Chatham, now regularly include the use and
management of torpedoes in their course of

instruction.

To return to the torpedoes themselves.

We have stated that mechanical torpedoes,

however occasionally useful, are necessarily

imperfect and, to a great extent, dangerous

appliances. The advantages which attach

to the application of electricity to the explo-

sion of torpedoes are great and manifest.

Torpedoes of this class may be placed in

position with absolute safety to the operators

;

they may be rendered active or passive at

any moment, as desired ; they thus do not

close to friendly vessels the channels which
they guard ; they can be stationed at any
depth beneath the surface ; their action is

generally very much more certain than that

of a mechanical torpedo ; and they can be

removed with perfect safety. As in the case

of torpedoes of the mechanical class, the

arrangements for securing action may be

almost infinitely varied. Frictional, vol-

taic, dynamo-electric or magnetic electricity

may be employed, each possessing specific

advantages or objections ; and the circuit

which determines the explosion may either

be completed by the contact of a passing

vessel or at the right moment by an operator

on shore. The latter system, which admits

of many modifications, is probably the more
simple ; but it imposes the necessity for

great vigilance, promptness, experience and
harmonious co-operation on the part of the

operators. It is also inapplicable at night

or in thick weather, and might even fail

under the dense smoke of a hot action. A
more generally efficient plan is that of con-

tact-exploding torpedoes, which are either

exploded by their collision with a ship, or

by the vessel striking a circuit-closing ar-

rangement moored near the surface of the

water, whereupon either the torpedo, moored
at some depth beneath, is instantly exploded,

or a signal is furnished to a station on shore,

which indicates to an operator the particular

torpedo to be fired, and when to fire it. It

is essential in this arrangement to adopt a

plan which, while sensitive to the passage of

a vessel, shall not be disturbed by the sim-

ple action of the waves. These conditions

include the necessity for simplicity of me-
chanism and a combination of sufficient but

not excessive delicacy of action, with perma-
nence during long immersion ; but the pro-

blem, though difficult, is not insoluble, and
one or two plans have been suggested which
appear to satisfy the required ends. It seems

to have been established that voltaic elec-

tricity is, of all the means available for the

purpose, the one which presents the greatest

advantages. And the substitution for the

old platinum wire fuze, of the Abel fuze, in

which the electric spark is generated by the

interrupted passage of the current through a

priming material of subsulphide of copper,

subphosphide of copper, and chlorate of

potassa, permits of the use of electric batte-

ries which were before inapplioable, and of

the explosion of torpedoes with perfect cer-

tainty at distances before unattainable. In-

deed, the introduction of this fuze has ren-

dered possible the development of torpedo

science which has now been attained. The
batteries may be of the simplest chai-acter,

and a very efficient one can be readily ex-

temporized with a piece of hard timber, a

little zinc and copper sheet, an old blanket,

some vinegar and common salt. A battery

of this sort, weighing only 25 lbs. and about

1\ in. square, will remain in good action for

at least twenty-four hours, and can be easily

cleaned and recharged. Such a battery,

from its small size, weight, and great sim-

plicity, is especially well adapted for boat

operations.

The explosive agent to be employed in
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torpedoes may be gunpowder, nitro-glycerine,

or gun-cotton. Of these, gun-cotton is on
many accounts preferred ; and since the re-

cent discoveries as to the susceptibility of

gun-cotton to explosion by concussive effect,

and the great resulting increase of power, its

normal advantages have become more decid-

ed. There still remain a vast number of

points, such as the nature of case or enve-

lope to be employed ; its thickness ; the

depth to which the torpedo should be sunk

;

the positions in which it should be fixed
;

the proximity of one torpedo to another ; the

the size, form, &c. The bare enumeration
of these points will suffice to indicate that

the subject is one which admits of an im-

mense deal of working out, and will, perhaps,

account for the length of time occupied in its

investigation.

As to the practical value of torpedoes we
have furnished some illustrations. But, in

truth, it is unnecessary to multiply illustra-

tions, for the value of these instruments may
almost be regarded as self-evident. There
are two points in every ship absolutely un-
protected—the deck and the bottom. Of
these the torpedo attacks one—the bottom.
And it is a question if any ship can ever be
made so strong as to resist the effect of a

powerful submarine mine exploding directly

under it. The use of torpedoes is not limited

to serving as auxiliaries to forts, or as a
means of keeping vessels under the fire of

batteries. They are useful also on their

own account, as a means of defending posi-

tions independently on a coast or in small

channels and rivers which are quite unpro-
vided with defensive works. Their invisi-

bility forms another element of their im-
portance, to which we may add their com-
paratively small cost and ready applicability

to almost all positions. But it is necessary
to guard against the impression that torpe-

does are destined to supersede other and
more old established means of defense, as

ships and forts and guns. Invaluable as

auxiliaries, and even as independent means
of defense, their value is limited by two
considerations. In the first place, the sphere
of action of a torpedo is small ; as compared
with that of a fort or ship, exceedingly small

;

and an attacking vessel is safe as long as it

contrives or chances to keep outside that
area of destructive effect. In the second
place, no torpedo can act more than once,
and when it has exploded, the area of water
which it guarded becomes defenseless. But
with these limitations, their value can hardly

be over-estimated ; and it is satisfactory to

know that the subject has been thoroughly
and practically considered, and that we
possess on paper at any rate a scheme for

their use so complete as to relieve us from all

anxiety on this score. It would, however,

be more satisfactory still to know something
definite as to the recommendations of the

committee, and we hope that some member
will think proper to ask in the House for

such portions of the report as can be dis-

creetly made public.

THE STABILITY OF FLOATING DOCKS.

From a paper on the Iron Floating Dock of Cartha-
gena, its proportions and relative stability, read
by George B. Rennie, M.I.C.E., before the Insti-
tution of Naval Architects.

The form of this dock may be briefly de-

scribed as an oblong rectangular box or

trough, without a top or ends, the walls and
bottoms of which are hollow, and divided
into several independent chambers. The
vessel to be docked is placed between the

side walls, and is raised completely out of

the water by the buoyancy of the bottom of

the dock. The side walls act as floats to

prevent the dock sinking too rapidly, and
eventually from being entirely submerged.
The operation is performed in this way,

water is allowed to flow into the different

compartments forming the base, by means
of sluices, and distributing pipes ; the dock
then gradually sinks, until the buoyancy of

the chambers, forming the side walls, be-

comes equal to the weight of the entire

structure ; that is, when it is desired to sink

the dock to its greatest depth for the pur-

pose of taking in the deepest draught ship

the dock is intended for, for vessels of less

draught it is only allowed to sink to a depth

sufficient for the particular vessel. The
vessel is then hauled in between the walls,

and the engines and pumps of the dock set

to work to discharge the water from the

bottom or base ; when empty, it is capable

of sustaining a weight of ship (less the

weight of the dock), equal to the total dis-

placement of the bottom or base. The
vessel is shored up in the usual manner
adopted in the ordinary graving dock.

The dock is entirely of iron, with the

exception of the decks, shoring steps or

altars and fenders, which are of timber. It

is strengthened both longitudinally and
transversely by bulkheads, which form the

divisions of the chambers, as well as by in-



636 VAN NOgTRAND'S ENGINEERING MAGAZINE.

termediate lattice framing, which give the

structure great stiffness.

The dock for Carthagena was coinnienced

in 1859, sent out in pieces from England,

and erected at Carthagena in a shallow basin

prepared for the purpose, and when com-
pleted water was let into the basin and the

dock floated out. When first floated, it was
found to have an uniform draught of water

of 4 ft. 7 in.; this gives a total displace-

ment of 4,400 tons of sea water, which is

equal to the weight of the dock complete.

Some of the largest vessels which it has

raised are the frigate Princessa de Austu-

rias, of 3,810 tons, and 21 ft. draught of

water, the frigate Villa de Madrid, of 27

ft. 6 in. draught, weight unknown, the iron-

clad Sarragoza, of 4,972 tons, and 25 feet

draught, and the ironclad ship Numancia,
of 5,600 tons weight, and 24 ft. 1 inch

draught, this latter vessel remained sup-

ported for eighty days, without causing any
damage to or undue straining of the dock.

The weight of this ship was further tested

by the depth of flotation of the dock as

observed with the ship on it ; this was as-

certained to be 11 ft. 3 in., giving a total

displacement of 10,800 tons of sea water;

but on examination of the different cham-
bers it was found that there was about 7|
in. depth of water in the lower ones and 7|
in. in the middle ones, equivalent to 800
tons weight ; this added to the weight of

the docks, 4,400 tons, gives 5,200 tons,

leaving 5,600 tons as the weight of the ship.

The dimensions of the Numancia, the largest

of the above named vessels, are as follows

:

length (perpendicular), 316 ft.; extreme
breadth, 57 ft.; displacement at load draught,

7,420 tons.

The dimensions of the dock are as follows;

length, 320 ft.; breadth outside, 105 ft.;

ditto inside, 79 ft.; height outside, 48 ft.;

ditto inside, 36 ft. 6 in.

If the few inches of water remaining in

the base and middle chambers were entirely

removed, the draught of water of the Car-

thagena Dock, with such a vessel as the

Numancia, of 5,600 tons weight, would be

10 ft. 6 in.

The main proportions of the dock are as

follows ; the length is between 3 and 3^
times the breadth. The width between the

walls at the top is | of the breadth. The
floor of the dock is -| the breadth. The
height of the side walls is somewhat under
-| the breadth. The depth of immersion
l-10th of the breadth. These proportions

are suitable for almost all sizes of float in"-

docks of the rectangular form. Thus, sup-
posing a dock to be made capable of lifting

and sustaining a vessel like the Achilles, of
say 10,000 tons weight, the breadth would
be 120 ft., the length 400 ft., the width in-

side 90 ft., the " floor" 60 ft. in width, and
the immersion 12 ft. ; total displacement
16,457 tons.

In calculating the height of the metacen-
ter, or the greatest height the weights may
be raised above the center of displacement
of the immersed body at an angle of incli-

nation, say of 10 deg.; and taking the dis-

tance between the centers of gravity of the

immersed and emersed portions due to the

inclination at two-thirds the total breadth,
and multiplying by the portion immersed,
and dividing by the total volume immersed
into the sine of the angle of inclination, it

will give 90.75 ft. for the distance of meta-
center from the center of gravity of the

volume immersed, or 85.5 ft. above the line

of flotation for the Carthagena dock, where-
as the center of gravity of the entire struc-

ture and ship is calculated to be only 18 ft.

above the line of flotation, allowing for a

ship of 26 ft. 6 in. draught of water on keel

blocks 4 feet in height.

In the dock proposed, the metacenter, is

101.5 ft. above the center of gravity of dis-

placement, or 95.5 ft. above the line of flo-

tation, and the centre of gravity of the dock
with the Achilles, is calculated to be only

19 ft. 3 in. above the line of flotation.

In calculating the amount of statical sta-

bility of the dock at Carthagena with an

immersion due to the weight of such a vessel

as the Numancia, of 5,600 tons, it is found

that supposing the inclination to be 10 deg.,

that the moment of stability will be 360

when reduced to feet and tons per foot in

length of the dock, or a total of 118,080

tons for 320 ft.; and the dock proposed

would have a moment of stability of 549.2

when reduced to feet and tons per foot in

length, or a total of 219,680 tons for

400 ft. This is nearly as the cube of the

breadth, and directly as the length.

Comparing this latter with a dock of a

U-shaped section, with water ballast, like

that actually made for Bermuda, as calcu-

lated from a lithographic drawing, giving

the particulars of this dock, it is found that

the moment of stability equals 660 foot-tons

per foot in length, or for the length of 333 ft.,

a total of 219,780 ft.-tons, or about the same

as the one proposed, of a rectangular form.
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A further comparison of the dimensions,

weight of ship to be docked, height of meta-
center of these two forms of docks, may not

be without interest

:

Available length of dock
for the largest ship. . .

.

Extreme outside breadth
Extreme inside breadth.
Breadth of "floor"
Draught of water with

heaviest ship

Area of immersed section

ditto

Greatest weight of ship

capable of being docked
Weight of dock
Center of displacement

below line of flotation.

Distance of metacenter
from center of dis-

placement
Distance of center of

gravity from center of

displacement
Centre of gravity above or

below line of flotation.

Moment of stability per
foot in length of dock .

.

Total for whole length of

dock
Draught of water to take
in a ship of 26 feet

draught with keel blocks
4 feet in length

\J -shaped
Section.

333 ft.

123 ft. 9 in.

85 ft.

50 ft.

40 ft.

4,000 sq. ft.

8,000 tons.

8,350 tons.

18 ft.

Rectangular
Section.

400 ft.

120 ft.

90 ft.

60 ft.

12 ft.

1,440 tons.

10,000 tons.

6,475 tons.

6 ft.

38 ft. 6 in. 101 ft. 6 in.

y 5 ft.

> 13 ft. 3 in.

$ below.

> 660 tons.

I 219,780tons.

50 ft.

25.3 ft.

19 ft. above,

549.2 tons.

219,680 tons.

45 ft.

From the above comparison, it will be

seen that a dock of rectangular form of the

same proportion as that of Carthagena, will

have the same total stability as the y form
of dock, require about one-fifth less material

for its construction, and be capable of sup-

porting a longer ship of one-quarter greater

weight, and with less draught of water.

Moreover, the arrangements for docking are

less complicated ; for when the ship is once

on the keel blocks, pumping is the only

operation to be performed, as there are

neither gates nor caissons to close in the

ends.

To represent the relative stability of dif-

ferent forms of section in a clear and sim-

ple manner (although not so accurately as

may be found geometrically or mathemati-
cally), the following table is compiled from
experiments on different sections made of

thin copper, to a scale of 10 ft. to the inch.

The models were all 9 in. long ; the leverage

was taken at 8 in. from the central line of

the model.

The lead weights representing the ship

were cylindrical, and supported on their axis,

at a distance representing the height of the

center of gravity of the ship, above the floor

of the dock of 27 ft. 6 in.

In the table, A and B represent sections

of docks, of the form proposed and that

actually executed. It will be seen on com-
paring the inclination of these two forms
with the same weight and leverage, that B,
the y shape, gives greater stability per unit

of length than A the l 1 shape, but as the
model y was made by mistake to represent
127 ft. 6 in. in breadth instead of 123 ft. 9
in., the relative stability as shown by the
angle of inclination is somewhat greater than
calculation indicates.

The model C shows how the stability of

the same form of section may be increased,

by the addition of water ballast at the bot-

tom.

The model D, segmental form, may, with
the addition of water ballast, have nearly a

stability equivalent to the form A.
The model E represents the Carthagena

dock, with its angles of inclination, and
with the same weight and leverage as the

other models.

Although it may be seen from this that

other forms may have a stability equivalent

to that of the rectangular or flat form, it can
only be done by the addition of a consider-

able amount of water ballast, which so in-

creases the draught of the dock as to neces-

sitate the ends being closed in.

The Carthagena dock, as before mention-

ed, was sent out from this country in pieces,

and erected in a shallow basin made for that

purpose, at Carthagena ; this on the whole

(when practicable) seems the most safe and
simple plan, and the basin is moreover avail-

able when required for taking in the floating

dock for the purpose of cleaning, painting,

or repairing.

Wooden floating docks of somewhat similar

section to that of Carthagena have been

towed to their place of destination, as was
the Pola dock, from Venice, the Havanna
dock, from New Orleans, and more recently,

that of Alexandria, from the south of

France, but the square ends of this form are

no doubt ill adapted for being towed through

the water.

In order to meet this difficulty, when it

was contemplated to tow a dock across the

Atlantic, a modified arrangement of the

rectangular form was proposed by Messrs.

Rennie, better adapted for being towed

through the water. The side walls were to

be reduced to about two-thirds of the length

of the floor of the dock, the rectangular ends

of the floor to have been rounded off so as

to form pointed ends, upon which temporary
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sides were to be raised to the required

height, in order that the dock might be

decked over from end to end; this deck,

tog-ether with the temporary sides, would

have to be removed on arrival at its desti-

nation.

Considering the length of the voyage, it

was thought that the empty space below the

deck might be available for the stowage of

coals and other stores to supply (during the

voyage, the steamers employed to tow the

dock out. This form of dock would not

have required a basin as at Carthagena, and

the necessary repairs could have been

effected by means of a rectangular iron box

lowered under the dock, and placed against

the defective part, and the water pumped
out from within it. The joints between the

box and the bottom of the dock being pre-

viously made water-tight by means of an

elastic substance, or the water kept out by
a pressure of air, which, in this case, would
not have exceeded 3 lb. per square inch.

In conclusion, it is considered that float-

ing docks of the form and proportions to

that of Carthagena will have ample stability

for the heaviest ship to be docked.

That it is of the simplest construction.

That the smallest amount of material for

a given strength and stiffness will be used in

its 'construction.

That the cost will be less than for other

forms of section.

That the simplest docking arrangements

and safety of the dock are best attained by
that form.

And lastly, that by the modification sug-

gested in the paper, they may be towed
with comparative safety to any part of the

world.

A Table of Experiments on the Stability of different Sections of floating

Copper Models. Scale of 10 ft. = 1 in.

Docks, made on

Form of Section.

a

a)

o
a

© m
+a CD

JZ "

0> o

a

"S .

O to
to a>

S,S
£ 8

_p Approximate

propor-

tion

of

dock

to

ship.

Breadth

of

model

to

scale

in

feet.

Height

of

center

of

gravity

of

ship

from

floor

to

scale

in

feet.

Degree of

at

inclination with weights,
a leverage of 8 in.

1 oz. 2 oz. 4 oz. 8 oz.

Al_, i *48A

73£
1:1
3:2

ft. in.

120

ft. in.

*27
'*6

deg.m.
35
52

1 29

deg.m.
1 29

2 11

2 35

deg.m.
3 2

3 57
4 35

deg.m.
7 7
9 6

\ 10 6

*49i

73i

iVi
5:3

127 6 27 6

31

24

21

1 12

59

55

3 49
3 26

3 6

5 50
42 5 36

4 14

73tj

49J

1:1
3:2

1:1
3:2

120 27 6

55

58

1 57

52

1 16

1 57

1 29

1 57

3 5

1 26

2 7

3 9

3 53

5 9

5 43
2 45
3 22

4 45

8 22
10 6

12 8-
6 28
8 18

481

9 19

7H

3:2

V:'i

3:2

120 27 6

3 43
2 28
1 43
1 23

1 23

6 51

3 53

3 23

2 27

2 51

14 34
7 28
7 24
5 9

5 36

Without water ballast
'is\ 14 2

10 2

10 32

V, i |

73^

5:3
7:3

105 27 5

31

1 26

2 11

1 33

2 35

3 2

3 37

5 43

7 7

8 5

do
30| 12 15

14 48

*32*

7H
5:3
7:3

*8o"o 27
"

5

6 22
9 19

7 14

12 48
14 52

12 31
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THE CENTRAL RAIL SYSTEM.

ABSTRACT OF REMARKS BEFORE THE SOCI-

ETY OF FRENCH CIVIL ENGINEERS.

From the " Compte Rendu des Seances." Translated
from " Annales du Genie Civil."

For some years the development of rail-

ways has gradually given rise to a new pro-

blem for engineers, viz : the construction of

engines capable of overcoming heavy grades

without involving any considerable change

in the present systems of exploitation. At
first, inclined planes were used, up which

the trains were drawn by cables; then the

Engerth engines, and engines constructed

for the Northern railway, &c. ; latterly, the

funicular system of M. Agudio, and finally,

the Fell engine, working upon a central rail,

as proposed by Baron Seguier. A similar

engine was discussed by M. de Landsee, be-

fore the Society of Civil Engineers at their

last session in November. He remarked

that the experiment of crossing Mont Cenis

had been favorable to the central rail, which

permitted the ascent of grades hitherto un-

used in railways. The engines, through the

supplementary adhesion obtained by means
of a group of horizontal wheels upon a me-

dian rail, have a tractive force equal to at

least twice the weight of the engine. He
has laid down the principle, in the plan

which he has developed, that the engine for

the central rail should be able to operate

upon an ordinary road at certain points.

This condition seemed necessary to him in

order that its work may be done easily and

conveniently. He accordingly supposes the

median rail to be absent at switches, on

bridges and at all parts of the road where

the grade is easy enough to dispense with

it. The locomotives should be adapted to

ascend grades of 70 millimeters per meter

(369.6 feet per mile), with curves of 50 to

60 meters radius. The type of engine which

seemed to him best suited to the case was
that having four coupled wheels. The pro-

posed engine weighs 25,000 kilog. without

load, and 26,000^ kilog. loaded (28 or 30
tons), each axle sustaining 13,400 kilog—

a

moderate load for steel rails. According to

the tables of M. Vuillemin, this engine, on
a horizontal track, could draw 400 tons, but

in a mountainous country such a load would
be excessive, the maximum being 130 tons,

and M. de Landsee has calculated that for

trains of 125 and 85 tons, this engine can

ascend grades with the following velocities,

&e.

:

O U <u

Train 125 Train 85 tons

a " a o;S tons grade. grade.
<U rH

£ 3
'35'5

• a

1

P* •

SB

® a
fcu 1

u
p, .

« a

20 12.4 0. 16.8 88.7 24.3 128.3
14 9. 28.8 41.3 218. 58.2 307.3
10 6.2 30. 50. 264. 70. 369.6

M. de Landsee shows, that for engines

weighing 20 tons loaded, and 17.5 tons light,

on a road 1.10 m. guage, a median rail will

be necessary for a train of 60 tons when the

grade exceeds 137.3 feet per mile ; with a

supplementary adhesion equal to the weight
of the engine, grades of 322 ft. per mile are

admissible ; and reducing speed to 6.2 miles

per hour, the inclination, with a maximum
adhesion, may be 369.6 ft. per mile. With
engines weighing but 10 tons, under the

foregoing conditions, the weight of the train

may still be 30 tons on a grade of 369.6 ft.

per mile. Since it results, from the experi-

ments of M. Forquenot, that the evaporat-

ing power of engines depends upon the ra-

pidity of exhausts, and therefore upon the

speed of the train, M. de Landsee suggests

the use of four cylinders, two to drive the

vertical, and two the horizontal wheels

;

thus attaining 8.884 exhausts per second for

an engine moving 12.4 miles per hour, with

•with wheels of .80 m. (2 ft. 8 in). In such

a case, the boiler, in the ascent of a grade

of 369.6 ft. per mile, will have but 87 sq.

meters of heating surface at a pressure ot

10 kilog. per sq. cent, with a back pressure

of 1.50 kilog. per sq. cent. The two pairs of

cylinders being independent of each other,

the engine can be run without using the hor-

izontal wheels. The coupling of the exte-

rior and interior wheels is effected by the

steam ; for this purpose the movement of

the valves is taken from the rear wheel and
transmitted to the valves by means of two
distinct levers. A relieving axle is common
to the two pairs of cylinders. The admission

of steam to each pair is controlled by a spe-

cial regulator, allowing the starting or stop-

ping of the horizontal wheels while the ver-

tical ones are in full motion. The grip of

the horizontal wheels is given by means of

a lever at the command of the engineer, and

a guage is provided which shows the amount
of grip. The coupling is effected by means
of two small bevel gears. The real object
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of the coupling is not so much to transmit a

great effort, as to ensure uniform motion and

the passing of centers—each pair of wheels

being controlled by one cylinder. Owing
to the practicability of dispensing with the

supplementary adhesion, this engine may be

classified with other types in use, and can

travel on any road in actual operation.

In answer to some remarks on the sub-

ject, M. de Landsee observed, that a single

distribution was employed merely for the

purpose of simplifying the mechanism, but

that nothing would prevent the use of sepa-

arate distributions for each pair of cylinders.

PASSENGER STEAMSHIPS.
From " Engineering."

The gradual growth of science and experi-

ence has been attended with the most strik-

ing changes in the material, size, form,

structure, machinery and working results of

ocean passenger steamships. Where we had
timber-built ships, all, or nearly all, are now
built of iron ; where the tonnage was once

1,000 tons, or so, it is now three times as

much, or even more. Where the lines were

once full, and the beam wide in proportion

to the length, we now see sharp, fine, fore-

and-aft bodies, and lengths of from eight to

ten, and even eleven times the beam. The
hulls, even when referring to iron ships only,

have been greatly changed in structure;

where only paddle engines were employed,

screw engines are now almost universal ; and
where we once had but ten knots, we now
have fourteen, with the same, if not an even

less, consumption of fuel, although the dif-

ference in propelling work done represents

a difference even greater than that between
the cubes of these speeds, or that between
1,000 and 2,741.

It may be questioned whether naval art

has not advanced more rapidly than any other

branch of structural and mechanical science,

and even admitting that it has, there still

appears to be a wide field for its further pro-

gress. There are many reasons why passen-

ger steamships should undergo further

changes as radical as those so well known to

be going on in the navy, and it may happen,

and that at no distant time, that masts, spars

and sails will be dispensed with altogether,

as indeed, for very fast steaming, they must
be, inasmuch as, at high speeds, the point is

soon reached where sails, instead of aiding,

only retard the progress of a ship.

Apart from questions of masting and rig-

ging, it is possible also that a great change

may take place in the size and form of pas-

senger steamships. For the same displacement

longer, wider and shallower ships seem de-

sirable. It is not depth, or great draught

of water, that is wanted in passenger vessels,

but deck room, and. generally, open-space and
light. These are the great requisites for ocean

passenger traffic. For convenience of com-
parison merely, we may suppose two vessels

of rectangular form ; in other words, they

shall be rectangular boxes. Each shall have

a length equal to eight times the beam. Let
one be 320 ft. long, 40 ft. beam, and draw
20 ft. of water, thus displacing 7,314 tons,

and presenting 27,200 square feet of bottom,

side and end surface, or skin, under water.

The area of immersed midship section would
be 800 square feet.

Another ship, having the same displace-

ment, might be made 403 ft. long, 50.4 ft.

wide, and 12.6 ft. deep. Its " skin," or un-

der water surface, would be 31,752 sq. ft.

in extent, but its midship section would be

only 635 square feet in extent. Its deck

area would be 20,320 square feet, or nearly

half an acre, as against 12,800 square feet

on the other and deeper vessel. This com-

parison refers, for convenience only, to rec-

tangular boxes, but in both cases the vessels

are eight beams in length, and the same pro-

portions of deck area, frictional surface, and
midship section would hold good when these

boxes were hewed to the forms of fast steam-

ing ocean ships. In plan, the lines, except-

ing only in scale,- would be identical in both,

the difference being only in the transverse

section. The longer and wider ship would
have a greater superficial extent of hull and

deck, and, consequently, a heavier hull, but,

possibly, she might have one deck less than

the shorter, narrower and deeper ship. The
longer ship would also, perhaps, require ad-

ditional stiffening to compensate for her

shallowness, not so much with reference to

her riding the waves, but for her strength in

the event of taking the ground or going upon

a rock. She would, in any case, be much
the roomer and easier passenger ship, and it

is a question whether she would not require

less power to drive her. The elements of

this question appear to be well within grasp.

It has been the fashion among many naval

architects of late years to attribute the

greater portion of the resistances to vessels

driven through the water to skin friction.

Yet our two imaginary rectangular boxes,

moving at 14 knots an hour, or 23.6 ft. per
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second (and as for this matter they need only

have a rectangular midship section), displace

respectively 540 tons and 428 tons of water

per second. This water must absolutely be

moved out of the way, and the power ex-

pended in putting it into motion varies ac-

cording to the form of the ship, with the

fineness of the lines at and below the water

level. All ships must displace their own
weight of water in running from about one-

half to three-quarters of their own length,

according to the fineness of their lines. If

the average velocity given to the water be

computed, as it may be, with some pains, at

each successive depth of, say, a foot of

draught, the power expended on this work
alone may be readily calculated, and it will

in all cases be found to form a very large,

or let us say the larger, portion of the total

power actually and effectively exerted in

propulsion, this power being, on the average,

but about two-thirds of the indicated power
of the engines. It is, of course, supposed

that the ship is all the time in hydrostatic

equilibrium at both ends, the water running

in at the stern and under the quarters exact-

ly as fast as it displaced at the bows—and
the mistake must not be made of supposing

that the influent water compensates, in the

least degree, for the loss of power in forcing

aside the water in front. In this comparison,

the longer, wider, and shallower ship, having

but 635 square feet of midship section,

would have the advantage over the shorter,

narrower, and deeper ship of 800 square feet

of midship section, the difference being in

the exact ratio of the midship sections them-

selves. On the other hand, however, the

longer ship would have a wetted surface al-

most exactly one-sixth greater than the

shorter ship. Hydraulic friction is independ-

ent of pressure or head of water, being the

same per square foot at the same velocity at

all depths. Colonel Beaufoy found the skin

friction of each square foot of painted wood
to be 1.3 lb. at 13 knots an hour, and, ac-

cording to his experiments (although they

were made some seventy years ago, and pos-

sibly under circumstances of error of ob-

servation), he found the friction to increase

in a proportion less than as the squares of

the velocities. Applied to the case of steam
vessels, it is demonstrable that skin friction,

except in very long, very fine, and very shal-

low vessels does not form the principal resist-

ance to motion. And in the cases of the two
vessels already supposed, the somewhat
greater skin friction of the longer ship would

Vol. I—No. 7.-43.

be much more than compensated by its lesser

midship section, requiring proportionately

less power to drive it (the lines being the same)

at a given speed. Which of the two vessels

would be the roomier, lighter, and more airy,

as well as drier and easier in a sea way, we
need not stop to discuss, although the sub-

ject is one to which we shall return.

THE ESTHETICS OF CONSTRUCTION.

From a paper read before the Liverpool Architectural
Society, by Mr. G. F. Deacon, C. E.

The subject of this paper is the considera-

tion of the conditions under which we are

pleasurably impressed by the presence, in

our structures, of those natural laws with
which we have become familiar, in a greater

degree perhaps than we are prepared to be-

lieve, by the senses of sight and touch ; and
not of necessity by that higher mental power
which analyzes mathematically the action of

these laws. I only speak of the absence of

mathematical analysis in the minds of those

for whom we build, and do not by any means
suggest its exclusion from the minds of the

builders. I have always believed that the

distinction between the professions of the

architect and the engineer is, or ought to be

a distinction rather of degree than of kind.

We are both of us constructors. We must
investigate in common the resistance of ma-
terials to the simple strains ; those, for in-

stance, of compression, shearing, and ten-

sion ; and we must, to become masters of

our subject, be conversant, though perhaps

in a different degree, with the more complex
calculations arising from the combination of

such strains, either in the same piece of a

structure, or in pieces depending for their

support upon one another. We must both

of us consider, without prejudice, these ele-

ments in the works of eminent men who
have preceded us, not with a view to servile

imitation, but as a safe and well-tried foun-

dation upon which to erect original, and it

is to be hoped, better works of our own.

This cursory glance at the minimum
amount of scientific knowledge which it ap-

pears to me we ought to possess in common,
suggests the consideration of that particular

branch of aesthetics included under the gene-

ral term decoration, which is altogether in-

dependent of construction, and which is ex-

cluded from the more immediate subject of

this paper.

Our scientific speculations, which are

themselves subservient to the adaptability
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of the result to the end in view, having

brought the design in which we are engaged

to a certain point, we must, in carrying out

our enterprise, and without in any way hid-

ing the work produced by our reasoning

faculties, exercise in a greater or less de-

gree our imaginative faculties ; often for the

purpose of adding pleasing outline or relief,

always with a view to the development of

that intrinsic beauty which, as I hope to

show, is rarely absent from scientifically de-

signed structures.

Agreeable sensations arise in our minds

from the contemplation of the beautiful in

nature and the beautiful in art, from two

distinctly different causes ; the one depend-

ing solely upon our appreciation of the ac-

tion of the mechanical forces of nature, the

other affecting our senses in virtue of cer-

tain distributions of form, color, or light

and shade, for which we can lay down but

few rules, and those of a merely empirical

nature.

Take in your hand a frond of the common
lady-fern. It has, for some reason, a most

pleasing effect on the eye, and you call it

beautiful. Paste the same frond on a sheet

of paper in a vertical position, and to most

minds more than half its beauty will have

vanished. And why ? On the first impulse

one would be inclined to answer, " because

it formerly hung in a beautiful curve, and

we have now rendered it rigid and straight;"

but a little consideration will show the in-

completeness of such a reply. The circle is

a beautiful curve, so is the spiral, so is the

cycloid ; but the fern, when bent into any of

these, will have but little more beauty than

it had as a straight line. Only one curve

will answer the purpose, and that is the

curve into which it naturally falls, the curve

in which the force of gravity is exactly

balanced by the resistance of the stalk to

flexure.

Innumerable examples of a similar nature

might be adduced, and I think they would
one and all show, "that there is a pleasur-

able effect produced upon the mind by forms

resulting from, or balanced by, the direct

action of the mechanical forces of nature,

when those forces act in a manner which we
apprehend intuitively, and are not compli-

cated in their mode of producing their effect

upon the senses by artifical means, or by the

superimposition of one upon another." And
this result is evidently altogether indepen-

dent of the arrangement of the component
parts—a division of the subject to which I

have already alluded, as including all em-
bellishments not necessary to those condi-

tions of stability which the ordinary mind is

capable of appreciating, but which may
nevertheless be introduced to enhance the

beauty of the structure.

The first of these effects appears to have
a peculiar interest for the engineer, as it is

the basis of a great problem ; namely, how
he is to produce, in those works which are

pre-eminently dependent for beauty, on their

lines of construction, such forms as the mind
will at once apprehend as curves natural to

the conditions involved, and which it will

not be slow to call beautiful ; in short, such
curves as are known by engineers as lines

of equilibrium. The second, or decorative

effect, it is the more immediate object of the

artist to produce, and in all cases it should

be subordinate and subsidiary to the first.

For the purpose of illustrating my state-

ments, or, I would rather say, as the best

arguments that I can adduce, I have col-

lected engravings and photographs of a few
of each type of designs for iron bridges

executed or proposed ; and I have numbered
these types, not according to their scientific

classification, but rather as they produce a

pleasing effect, or the reverse.

Type 1. Box and plate girders.

" 2. Lattice girders.
'' 3. Bowstring girders.

" 4. Arched ribs with braced span-

drels.

" 5. Suspension-bridge with stiffening

girders.

" 6. The continuous parabolic system.
" 7. Simple suspension-bridge with

vertical rods.

If we consider for a moment the disagree-

able impression produced upon us by the

first of these types (and every Englishman
has ample opportunities for considering it),

we cannot fail to notice that it does not al-

together arise from the monotonous oblong

form, or even from the flat uninteresting

face of the structure. Cover it with mold-
ings and ornaments of cast iron—paint it in

the best taste—decorate it as you will—you
cannot redeem it from its uncompromising
ugliness. And why ? Because it appears

to be out of place ; it is a form which seems
to want some additional support; it is essen-

tially deceptive. We cannot appreciate the

beauty of construction, the principles of

which we do not instinctively comprehend.
In a limited sense those principles are cor-

rect enough. In the molecular structure of
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every straight beam there are curves of

direct tension and compression, which clear

up the mystery at once. The lines of com-
pression are concave downwards, those of

tension concave upwards. They cross each

other in every case at right angles, and each

cuts the neutral surface of the beam at an

angle of 45°.

Although the two halves are in all re-

spects similar, there are not two points in

the half elevation of the web and flanges, at

which the stress is at once the same in

amount and direction. Along each indivi-

dual curve the stress varies from center to

end, and every curve represents an amount
of stress differing from that of every other.

Then what an infinitely complicated piece of

workmanship we should have if we attempt-

ed to vary the section of our wrought iron

plates, in proportion to the duty that each

point in their elevation has to perform.

Practically we cannot do this. It is for the

engineer to determine how far he can ap-

proximate to the theoretical conditions in-

volved, and thus save material without ne-

cessitating more labor than the value of that

material represents ; and in most cases this

can be done with great advantage. In small

wrought iron girders we may, perhaps, by
due attention to the principles of stress, save

fifteen per cent of the material necessary in

a girder of equal strength, but of uniform

section, and that without adding to the la-

bor in the least. This percentage, however,

is but a fraction of the weight which theo-

retical perfection represents as lost.

This type, then, is essentially bad in re-

spect of its response to the theoretical con-

ditions of a minimum weight of material.

Nevertheless, in small spans the economy of

labor consequent on simplicity of construc-

tion often compensates for this defect.

Type second is the straight lattice girder

;

and here the lines of stress are guided from
their natural curves, and concentrated in

the flanges and diagonals. This fact, how-
ever, does not assist the mind in conceiving

the mode of action of the beam, and I am
inclined to think that all the superiority of

appearance is to be traced to the decorative

effect produced by the open lattice work,

and the reduction of apparent weight.

Among the best known bridges of this class

are, in England, those at Crumlin and Run-
corn, and on the Continent those over the

Rhine, at Cologne, and at Kehl, near Stras-

burg, and that over the Vistula at Dirschau.

But one and all of these must be regarded

as failures in an aesthetic sense. Probably
Mr. Baker's towers at Buncorn, and the

piers at Dirschau, are most in keeping with

the works. The Gothic piers of the bridge

at Kehl have a singular effect. Their ap-

pearance is very striking, but they do not

harmonize well with the long horizontal

lines of the girder, or with its lattice bars

arranged at angles of 45°. The proximity

of Strasburg Cathedral, too, is not calculat-

ed to impress one in favor of that puny cast

iron architecture.

The bowstring girder is our next type,

and it includes all those in which the top or

bottom flange, or each, consists of a seg-

mental or parabolic rib, connected together

by diagonal lattice bars. The best known
of those which have both flanges curved are

Brunei's bridge at Saltash, and that over

the Bhine at Mayence. All these structures

are, as regards the iron work, more natural

than either of the preceding types, and we
must accord to them the merit of giving us

the first clear idea of the manner in which
they do their work. We may not feel satis-

fied with their appearance, but we must ad-

mit that it is, or may be made, much supe-

rior to that of either of the straight types.

We now come to the arch, respecting

which I shall say more hereafter, but assur-

edly we cannot hesitate to assign to it, in

our classification, a higher place than we
would to those already mentioned. The
mind at once perceives the natural and effi-

cient manner in which it supports the load

to which it is subject.

Our fifth type is the suspension bridge,

stiffened in such a manner by lattice work
as to be capable of bearing, without undue
vibration, heavy rolling loads. It is suffi-

ciently obvious that the effect of the simple

parabolic or catenarian curve is, in a great

measure, marred by the proportions of the

stiffening girder.

In the late Paris Exhibition were exhi-

bited two striking drawings, by Herr Carl

von Buppert, for bridges across the Bospho-

rus, and over one of the greatest chasms in

the tertiary limestones of the Balkan. In

carrying out the Austrian project of a rail-

way to Asia Minor, it will be necessary to

cross these places, and Von Buppert has

probably solved the difficulty in a very com-

plete manner. It is well to mention that

his investigations have been published, and

they can leave no doubt in the mind of the

reader that the Austrian engineer has

brought together principles already well
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understood, with a boldness and originality

resulting in a complete success.

There is but one more, and that is the

pure suspension bridge. We cannot im-

improve upon that simple catenary. Its

mode of action is apparent at a glance, and

its curve is evidently a natural one. But,

unfortunately, we have no means of render-

ing it sufficiently rigid for railway purposes,

without destroying its chief aesthetic charac-

teristics.

Thus far I have endeavored to lead you
through the general principles, in virtue of

which each of the seven types supports its

load. You may feel inclined to change the

order of one or two, but that will not affect

the general result.

Had I based the classification upon the

relative economy of material, upon the abso-

lute weight of the superstructure which each

would have required for the same span, and
to bear the same moving load, it is at least

gratifying to know that the arrangment
would have been precisely the same, and
that, although in small spans the order of

ultimate economy is somewhat changed by
the different proportions of labor to material

required, it would not be felt in the large

spans.

These general facts have been long known
to the engineer; but Mr. Benjamin Baker
has recently reduced them to approximately

correct figures for different lengths of rail-

way bridges up to the limiting spans, and I

have prepared, from his iuvestigations, the

annexed table, showing the weights of ma-
terial in spans of 700 ft., and also in spans

100 ft. less than the limiting spans. The
types are in principle the same as those I

have described, though not arranged quite

as Mr. Baker classed them.

I have now laid before you the general

arguments which, you will probably admit,

prove, at least in regard to great bridges,

the truth of the statement that, in equal

spans, the aesthetic properties of the lines

of the structure vary in direct proportion to

the simplicity of the design, in a scientific

sense, and in the inverse ratio of its actual

cost.

These results are sufficiently remarkable;

and if we can in every case find beauty and
science walking hand in hand, as here, shall

we not be able to do more in the cause of

both than we do at present ? And this, I

think, we can find in our works of stone and

brick, without either the conditions of great

size, or the cost of extra labor.

Table compiled from Mr. Baker's Analysis, showing ehe Approximate Weights of Wrought Iron
or Steel in the Superstructure of Railway Bridges of six different types ; the working stress

of the iron being taken at 4 tons, and that of the steel at 65 tons per square inch of sectional

area

:

Description.

Box- girder

Lattice girder

Bowstring girder

Arched ribs with braced spandrels .

.

Suspension with stiffening girder. . .

.

Continuous girder with varying depth

700 ft. Span. Approxi-
mate weight in tons.

Iron.

51,030
17,360
6,650

3,500

3,045
2,660

Steel.

4,410

2,730
1,995

1,715

1,820

Limiting Span minus
100 ft.

Weight of steel

in tons.

27,315
68,055

364,420
276,450

1,120,000

Length of

Span in feet.

900
1,300
1.900

1^00
3,200

THE CORROSION OF BOILERS.

By Norman W. Wheeler.

The writer is induced to put forward a

few crude thoughts in the hope that some
competent chemist will experimentally de-

termine whether his surmises are correct or

otherwise.

The corrosion of boilers worked in con-

* This type is nearly equivalent' to Von Ruppert's
system.

nection with surface condensers is in great

part attributed to a galvanic action induced

by the condenser. But galvanic action does

not establish itself spontaneously ; some sort

of chemical decomposition, or degradation

of metals or other bodies being, so far as

we know, a condition precedent, so that it

becomes a question whether the corrosion

observed is not the cause rather than the

effect of the galvanic excitation observed.

When water is repeatedly vaporized and
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condensed, with very little exposure to the

atmosphere, as is the case in practice, it be-

comes to a great degree deaerated, but the

question as to which of the numerous gases

existing in natural water is first eliminated

remains unanswered. If those gases, of

which water absorbs the greatest bulk, cling

to it with the greatest tenacity, a consider-

able part of the destructive effect is there-

by accounted for. It is stated by good au-

thorities that water absorbs at common tem-

peratures its own bulk of carbonic acid, one

twenty-fifth its bulk of oxygen, and still

less of nitrogen. If, when water is deserat-

ed by heating, the neutral gas nitrogen is

first expelled, the corrosive power of the

water should be exalted by its atmosphere,

so to speak, of carbonic acid and oxygen
;

and if, during the exposure to the air in the

air pump and hot well, the water absorbs

the gases in ratio of their supposed affinities,

we should have in the boiler a pretty active

solution of carbonic acid in oxygenized

water, from which we ought to expect cor-

rosion of the metal of lowest chemical rank

exposed to its power, corresponding with the

observed facts.

A case encouraging the belief in the seri-

ate elimination and absorption of gases, oc-

curred in the writer's practice in 1864.

Four vessels were built for the Government,
with return flue boilers and " high pressure"

engines, but the steam was condensed, for

the sake of fresh feed water, in open surface

condensers ; that is, condensers making no
vacuum, but fitted with tubes and circulat-

ing pumps, and the steam spaces in the con-

densers communicating with the atmosphere
through pipes. The condenser tubes were
made of iron and galvanized, for the pur-

pose of avoiding the corrosion of the boilers.

The feed-water was drawn by the feed-pumps
directly from the condensers. As a matter

of convenience, the atmospheric pipes were
led from the condensers and opened into the

smoke pipes, so that when an exhaust took

place, the vapor was for an instant driven

out through the atmospheric pipe, and be-

cause of the continuous condensation, the

gases in the smoke pipe were drawn back
toward or into the condenser between the

successive exhausts, thus keeping up a pulsa-

tion and swaying back and forth of vapor
and gases in the atmospheric pipes, which,
although made of copper, were eaten into

holes in a few days. The pipes passed over-
head through the fire rooms, and the con-

tinual dripping of hot water made those

places very uncomfortable. The corrosion

of the boilers was marked and unmistakable
within a month.

The atmospheric pipes were then changed
and led to the open air, and the corrosion of

both boilers and pipes apparently ceased,

and was not again observed while the ves-

sels were within the range of the writer's

observation.

It is supposed that carbonic acid was ab-

sorbed rapidly by the vapor and condensed
water in the atmospheric pipes, the supply

being derived from the gases of combustion,

and the acidulated water passed into the

boilers by the feed pumps.
Now, if it be proven that the water, while

exposed in the hot well of an ordinary en-

gine, absorbs oxygen and separates it from
the nitrogen of the air, and that the nascent

carbon of the oils, used to lubricate the

internal parts of the eugine, is seized by the

oxygen when the oils are decomposed by the

heat of the steam, we shall be able to ac-

count for an amount of carbonic acid in the

boilers working in connection with common
surface condensers, sufficient to destroy them
rapidly.

WIRE ROADS.

From "The Engineer."

The great defect of the modern railway

is, that the system does not admit of gene-

ral use. It is true that a railway can be

laid down and worked by locomotive power
in almost any conceivable country, provided

there is sufficient capital available for its

construction, and sufficient traffic to pay for

working it. But thousands of cases will

present themselves to the engineer in which,

although a fair amount of traffic may be ex-

pected, it is morally certain that this traffic

could under no possible circumstances prove

remunerative, for the simple reason that the

capital expended would of necessity be out

of all proportion to the money received for

the carriage of goods or the conveyance of

passengers. As we cheapen railways we in-

crease their sphere of usefulness ; and were

it possible to reduce the cost of railways be-

low that of common roads, and to render the

conditions of working such, that on them, as

on a canal, private individuals could run

private vehicles, it is more than probable

that common roads would cease to have ex-

istence, their place being taken by tramways

or public railroads. Numerous attempts

have been made to reduce the cost of rail-
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roads, but with, for obvious reasons, very
little success. The cheapest single line of

4 ft. 8-£- in. gauge, which it is possible to

lay in an easy country will cost, at least,

£3,000 per mile. If the country is difficult

or hilly, the expense of construction may
very well rise to ten times the sum. Rail-

ways represent the most perfect mode of

transit yet produced in one sense, and it is

therefore to be regretted that they are not

more generally applicable to all the pur-

poses of locomotion than is at present the

case ; but it is, we think, still more to be
regretted that there is no prospect whatever
that they will ever become much more use-

ful than they are now. A good deal re-

mains to be done as regards tramways,
which partake intimately of the nature of

railways without being railways in the truest

or highest sense. But even when tramways
have received that enormous development of

which the system is probably capable, condi-

tions will still constantly exist under which it

will be impossible to resort to their use ; and
the same truth applies to the ordinary macad-
amized or graveled road. Stretching a point,

every ordinary highway and parish road may
be regarded as the substructure for a tram-

way. No tram can be laid on a substruc-

ture much worse than our third and fourth-

rate country-roads. Therefore it may be
taken for granted that where a road can be

made a tram may be laid, and also that

where a road cannot be constructed no tram-

way can be laid down. But in almost every
civilized or partially civilized country in the

world, circumstances occur under which,
though means of transit are required, it

would be impossible to provide them, either

in the shape of railroads, tramways, or com-
mon roads, at a price which would justify

their construction even by a state, much
less by any company of adventurers. There-
fore it appears that the proposition with
which we commenced this article applies to

both tramways and common roads as well as

to railways, though not with the same force;

for both tramways and common roads are

open to objections, which do not exist in the

case of railroads, far more serious than the

want of universal adaptability.

It has long been felt that some efficient

means of transit, which might be used un-

der any conceivable conditions, are badly
wanted ; but it does not appear that much
had been done up to a very recent period to

supply the want. The popular way out of
such a difficulty as that, for example, which

presents itself when the ore from an out-of-

the-way mine has to be got to a seaport, lies

in making a road, buying carts and horses,

building stables, and hiring carters ; where
it happens—and in the colonies it docs hap-

pen rather often—that no road fit for wheel-
ed carriages can be made, the popular reme-
dy fails of course. There are two substi-

tutes for common roads ; one consists of

mules and the other of camels. Coolies and
elephants we will leave out of the question

for the present. Now mules are no doubt
very useful, and so are camels ; but any of

our readers who has had to transport a 20-

horse engine, for example, up country on
the backs of mules or camels, will agree

with us that, although the muleteer of song
is a very picturesque creature, the muleteer
of fact is, though picturesque, something
else as well ; and, making the best of mules
and camels and their drivers, the great fact

still remains, that they carry things slowly,

and cost a great deal. In a word, mules
and camels no more solve the problem of

transport in distant lands, as English capi-

talists and engineers would have it solved,

than a trained hippopotamus, weighing about

four tons, and carrying a couple of Kaffirs,

represents a perfect means of ordinary loco-

motion. It would not be easy to estimate

the loss which accrues each year to our

colonies as a consequence of the want of

some means of bringing produce to market.

There are coffee plantations in Ceylon, more
than 40 per cent of the produce of which is

constantly wasted and lost, simply because

no efficient means exist of getting the coffee

to market down the jungle-clothed sides of

hills. The waste and loss of cotton in In-

dia, for the same reason, is enormous. In

Namaqua land, again, there are valuable

mines which cannot be worked because coal

costs £8 per ton— half this expense, or

more, being incurred in transporting it a

few miles up the country on the backs of

mules. It is impossible to estimate, indeed,

at this moment, how much wealth is lost to

the world because no means exist of trans-

porting cotton, and coffee, and ores, and
coal, over moderate distances at moderate
rates.

Impressed as we are with the importance

of this loss, and desiring as we do to see the

loss for ever done away with, we have care-

fully watched every attempt that has been
made of recent years to overcome the diffi-

culty. The narrow gauge railways of

Queensland ; Mr. Brunlees' cheap lines in
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South America ; the pneumatic dispatch

—

iu which there is more as a means of cheap

transit in difficult countries than is at pre-

sent perceived—these things, and such as

these, holding out promise of future good,

have all claimed our attention ; but very

little observation is sufficient to show that

they none of them comply with the condi-

tions of the greatest difficulty. Take the

ease of a coffee plantation in a fertile dis-

trict on the side of a hill ; between it and
the nearest port, or the nearest road to a

port, lies an impenetrable jungle, deep ra-

vines, and water courses now dry and anon
filled with a foaming torrent ; the railroad

can do nothing for such a case, the pneu-
matic dispatch is of as little value. What
the planter wants is the wings of the dove
to take him to the uttermost part of the sea.

If he could but fly ! If he could but or-

ganize a trained troop of flying steeds to

take his produce bit by bit over the top of

the jungle, across rock, ravine and torrent,

then, indeed, the problem would be solved,

and the flying steeds would serve a more
useful purpose, and do more good than ever
Pegasus has done yet.

Now, is this flight impossible ? Are the

difficulties to be encountered insurmount-
able ? We think not. We have spoken of

flying steeds, and we have done so with a

purpose. It is evident that if we could

construct a road above ground instead of

resting on it, neither jungle nor forest need
give us trouble. There is a race of pirates

in Borneo who live in forests. These peo-

ple seldom touch ground. Their roads con-

sist of single trunks of trees felled, laid end
to end, and carried on suitable uprights for

miles through the depth of the forest from
the sea shore. The jungle undergrowth is

impassable, therefore those people make
their road over it. We are all familiar with

the rope bridge of South America, across

which the traveler is drawn in a basket

swinging below the bridge, which consists of

a hide cable. In these two, the Borneo tree

road and the South American bridge, we
have the crude germ of an idea which, prop-

erly worked out, may do wonders for the

good of mankind.
The only scientific development of the

idea yet before the public is Mr. Hodgson's
wire railway at Bardon Hill, Lecicester, al-

ready noticed in our pages.* This line,

three miles long, extends from Messrs. Ellis

* See « The Engineer" for February 19, 1869.

and Everard's granite quarries at Markfield,

to Bardon station on a branch of the Mid-
land Railway. At Bardon is a tremendous
rotatory crushing machine, capable of con-

verting a couple of hundred tons or so of

granite into road metal per day. We need
not again describe the wire line put down to

transport 100 tons of stone per day to this

machine, but never as yet worked up to its

full capacity. It will suffice to say that the

principle involved consists in suspending a

wire rope on wheels fixed to posts placed

about thirty-one to the mile, just as are or-

dinai-y telegraph posts. The rope runs over

a horizontal pulley of considerable diameter
at one end, and at the other round a 4| ft.

Fowler's clip drum, driven by a 16-horse

portable engine, which is not half loaded.

One side of the six miles of endless rope is

always traveling toward Markfield, the other

side away from it, toward Bardon. The
stone is loaded into boxes, which are hung
on the rope and run full to Bardon, where
they shunt off the rope, are emptied, and
sent back to Markfield on the return line.

The wire road winds in and out, pass-

ing here through a grove, there across pas-

ture lands. In one place it jumps obliquely

across the high road with a span of 600 ft.

clear. The pace at which the buckets travel

is about four miles an hour, the load in each
about one cwt., and some thirty buckets

come to the mile. The line has now worked
for some months most successfully, and we
are pleased to hear that in Italy, Spain, and
Turkey the system is likely to be extensive-

ly adopted. The system is certain to prove
infinitely valuable to countries perishing

from that inanition due to want of means
of internal circulation.

Here we have means of transport provid-

ed, by which all obstacles connected with

the country are avoided. No doubt objec-

tions may be raised to the scheme, and dif-

ficulties are certain to be encountered in

carrying it out on a large scale. One or

two points, however, are certain ; it has

been proved that the principle can be ap-

plied in practice ; wire-rope railways are

very inexpensive—£150 to £500 per mile
;

they offer the only certain solution for

hitherto insurmountable difficulties, and,

lastly, the entire principle is correct. We
did intend to speak of the mechanical ques-

tions involved, such as the best means of

carrying the rope, putting on the buckets,

the power consumed, etc. ; but these we
think best, after all, to speak of at a future
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time -when the system shall have been more
fully developed, and some inquiry shall have
been made into its dynamics. So far the

scheme is a mechanical success, and that is

about the only point connected with it, save

its all but universal applicability to the pur-

poses of transport, with which we have any-
thing to do.

RAISING WATER FROM MINES.

From " The Engineer."

In scarcely any department of the opera-

tions necessary to bring our subterranean

treasures to the surface, is there greater di-

versity of comparative working cost than in

the process of freeing the mines of water.

The men who win our metals have made
much more progress in this department than

those who get our fossil fuel, as we shall pres-

ently see. Meanwhile let us get some idea

of the financial significance of the subject

by remembering that from the northern coal-

field comprising Northumberland and Dur-
ham there has every year to be taken water

fifteen times the weight of the output of the

coal of the district, which, according to the

the mines inspectors' last returns, reached,

in 1867, a total of 26,500,000 tons. In
Staffordshire the water raised is computed at

ten times the weight of the coal ; but the

ratio of cost in each may be assumed to be

alike. It is estimated at .843 pence per

1,000 gallons raised 100 ft., or, in other

words, per million foot-pounds. This cal-

culation is made upon the basis that the

average of the lifts is 884 ft., which is com-
puted to be the average depth,of the pits in

South Staffordshire ; and this, for the pur-

pose of calculation, may be taken as the depth

in the northern field. Computed on the

quantity of coal raised in 1865, the cost of

pumping in the South Staffordshire collieries

is estimated by Mr. E. B. Marten at £100,-

000
s
a-year, taking £500,000 as the capital

employed, and allowing a 5 per cent reduc-

tion on this capital. The engines are presum-
ed to work twenty-four hours per day. Tak-
ing Mr. Marten's figures for his guide, and
adapting them to the 25,000,000 tons raised

in the northern district in 1865, Mr. William
Waller puts down the yearly cost of pumping
the Northumberland and Durham district

at £459,200.
How much more this is than need be, may

not be accurately concluded, but may, to

some slight extent,. be imagined from a fact

which Mr. Warington W. Smyth has placed

upon record. It is that he has watched a
large pumping engine in the north which
raises water from 105 fathoms deep, in 12-in.

lifts, at seven and a-half strokes per minute,

with a consumption of twenty to twenty-five

tons of slack per day, whilst a similar amount
of work is done by a Cornish engine with from
two to two and a-third tons. The coal was no
doubt inferior in the former case, but the re-

sult, he intimates, shows that there are engines

in the country consuming upwards often times

the quantity of coal that is needed for the

work accomplished. It is clear that the

pumping at our coal mines is not conducted
as cheaply as it ought to be, and we have
reason to know that even the metal mines of

Cornwall might be freed for less money than

is now the current charge. What should be
the cost of raising 1,000 gallons of water

100 ft. ? Mr. Wm. Waller set himself to

answer this question in a paper which he

communicated to the North of England
Mining Engineers during 1857. By the

side of the figures as to the assumed average

cost in the north of England and in South

Staffordshire, he places data obtained under
his own observations relating to waterworks.

Should any one object that these are not

parallel cases, he submits that the mining
engine works under more advantageous cir-

cumstances ; for this reason, that being

necessarily in the first instance sufficient to

reduce the water, afterwards in keeping it at

the reduced level, it is working well within

its power and under very economical condi-

tions ; whereas, the waterworks engine, hav-

ing to contend with ever-varying demands,

with extra and intermittent exertion, with

increased friction and resistance in re-

stricted pipe area, is under every dis-

advantage. For the purpose of comparison,

however, colliery and waterworks engines

may be considered as working under similar

circumstances.

A most important difference in the duty

of several engines in the same undertaking

sometimes transpires. This is especially

seen in the case of the East London Water-

works Company. It is stated on the authori-

ty of Mr. Wicksteed himself that the total

cost of lifting a million foot-pounds, taken

on the average of several years with different

engines is : Single-acting engine, Boulton

and Watt, .543 pence ; double-acting engine,

Boulton and Watt, .358 pence ; double-act-

ing engine, Boulton and Watt, .333 pence
;

Single-acting Cornish, Harvey and Co., .150.

Whilst the water company are supposed to
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give 7s. 6d. a ton for their coal, the average

of the East London was 10s. 6d.

The Southwark and Vauxhall Company's
total cost is at 10s. a ton for coal, .084 pence ;

or with five-sevenths for labor, repairs, wear
and tear, etc., .144 pence.

The Grand Junction, with coal at 14s.

6d., is set down at for coal alone, .192, while

labor, etc., added .276 pence.

The Liverpool Corporation Works present

a comparison more nearly approaching the

general pumping arrangements of a colliery's

engines—both the ordinary crank engine and
Cornish type are used ; and the cost of

pumping is given with great detail and ac-

curacy. There are in Liverpool seven

stations with nine engines. At the Bootle

station there were three engines, each with

beam and crank, and a single-acting bucket
pump, and worked direct from the beam of

each engine. Only two of these engines

were worked together, and they delivered

through an air-vessel. At the Bevington
Bush station there was a bucket-lift, but it

was altered to a plunger, and at once the

total cost fell from.789 pence to .201 pence

per million foot-pounds. Most of the cal-

culations are based upon the returns for

1849 ; but, as indicative of the great saving

to be effected by a large amount of duty
performed, we may state that the engine at

the Green-lane station of the Liverpool

Company, which is Cornish, with a 56 in.

cylinder, and a 9 ft. stroke, by Harvey and
Co., which raised 992,000,000 gallons 100 ft.

at a total cost of .222 in that year, was rais-

ing in 1865 as much as 2,736,000,000 gal-

lons that height, at a total cost of .178 pence,

the cost of the coal used being 6s. lOd. ton.

And when the Southwark and Vauxhall
raised 4,061,000,000 gallons, with coal at

10s. a ton, they did it at a total cost of .144

pence per million foot-pounds. The cost of

coal alone at the Green-lane Liverpool en-

gine was .075, and at the Southwark and
Vauxhall, .084.

Hence it is concluded that the cost of

coal for lifting 1,000 gallons 100 ft. high, or

a million foot-pounds, need never exceed
one-eighth of a penny where Cornish engines

of the best make are employed; and that

the total expense, exclusive of the interest

of capital for doing this amount of work,
might be within one farthing, instead of two
or three farthings, which it often is.

" The Engineer " then discusses the South
Staffordshire drainage, which is now a tax
on the coal raised of 4^d per ton.

STRENGTH AND RESISTANCE OF MA-
TERIALS.—In a paper " on the present

state of knowledge of the strength and re-

sistance of materials," read before the Insti-

tution of Civil Engineers, May 11, 1869, Mr.
Jules Gaudard stated that the theory in the

case was closely connected with that of mole-

cular mechanics. But being a branch of

that science altogether of practical applica-

tion, it required only to borrow from scientific

theories the principles on which to base rules

of construction, simple enough to be of gen-

eral application and yet sufficiently exact to

be used with confidence. The formulae of

strength brought into view, on the one hand,

the destructive action of external forces,

and, on the other hand, the resisting power
of the molecules of the material. External

forces were of two kinds : one kind compris-

ed elements directly given, such, for example,

as weights ; the other kind consisted of

reactions—functions of given forces. In
certain cases these reactions might easily be
found by the science of statics alone, as, for

example, in the case of a beam placed on two
supports ; in other cases the}r would depend
on the changes of form of the solid. It was
this, for example, which caused the difficulty

of calculation in arches and in continuous

beams of several spans. Or, lastly, it might
happen that the body in question might not

be in a state of equilibrium, but that its

particles might oscillate under variable dy-

namic influences, or forces of inertia. This

was the case of concussions, vibrations, etc.

These various external forces being deter-

mined, it would easily be seen if they tended

to cause certain parts of the solid to elongate,

or to shorten, or to shear, or to turn round

certain axes. These various effects, exten-

sion, compression, sliding, torsion, flexure,

might further manifest themselves separate-

ly, or might combine with each other. Un-
der the action of these forces, the body
would necessarily be changed in form ; for

solids perfectly rigid were only pure abstrac-

tions. The study of these changes of form

constituted the object of the theory of elas-

ticity. The study of strength, or resistance,

had to do with the power which the solid, ac-

cording to its physical constitution, possessed

to maintain, if not its form, at least the

cohesion of its parts.

The author then proceeded to consider the

forces of various kinds to which materials

were subjected, such as extension, compres-

sion, sliding, flexure, torsion, and shearing ;

and in reference to all these, he gave the re-
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suits and formulae of the most modern in-

vestigations ; expressing them at such length

as to make them intelligible, but with suffici-

ent conciseness to bring them within reason-

able limits of space.

In conclusion, it was remarked that the

theory of the strength and resistance of ma-
terials touched obscure problems relating to

the physical constitution of bodies, and yet

its practical character obliged it to be simple.

Another motive, also, justified the departure

from rigorous exactness, that was, the irre-

gularity of the materials facts ; if it was
good, in effect, to associate mathematical
science with physical phenomena, it was in-

contestable that these two elements, one

always logical, the other frequently capri-

cious, were often separated from each ether.

In spite, however, of these imperfections,

the theory of the strength and resistance of

materials in its present state constituted an
elegant and useful doctrine, which ought to

be better known by the majority of construct-

ing engineers, so much did it tend to impress

boldness and elegance on designs of all kinds.

In any case, the theory, imperfect though it

might be, had the great advantage of gen-

eralizing facts. Empiricism, if left to itself,

would encumber the science of construction

with a mass of rules, without reason or con-

nection, well calculated to repel and mystify

practical men.

Improved Road Roller.— G-en. Green,
of the Croton Aqueduct Department,

New York, has introduced a roller consist-

ing of a series of independent discs some 1-|

in. thick (that is to say, 1-| in. wide on the

tread), and a series of alternate discs of the

same width, but of 3 in. less diameter, all

mounted on a common shaft, so that the

whole roller is grooved like the roll of an
iron mill for producing 1| in. square iron.

As each disc moves independently on the

shaft, facility of turning and avoidance of

scraping while turning, are the result. But
the most important result—and it is very im-

portant—is the increased hardness and uni-

formity of the road. A long solid roller

can hardly be made heavy enough to crush

down the protruberances of the surface
;

hence soft or uneven places are left between
them. The grooved roller easily cuts into

hard and projecting places, pressing the ma-
terial laterally as well as vertically, so that
the hollows are filled and the material is

uniformly condensed,

THE COMPUTATION OF EARTHWORK.
From "Engineering."

We have, from time to time, illustrated

and described several different arrangements
for the mechanical computation of earth-

work, by which the long and tiresome opera-

tion of calculating the cubic contents of the

cuttings and the embankments of a railway
can be substituted for a process of simple
inspection, so that the quantities can be re-

gistered expeditiously, and with a minimum
chance of error. A very ingenious instru-

ment has recently been designed by Mr. W.
H. Barlow for this purpose, and which will

be found invaluable for making the compu-
tations necessary for framing parliamentary
estimates, as well as for the more precise

earthwork calculations during the progress

of actual work. The instrument consists of

a wooden circular tray, about 12 in. in dia-

meter, in which are set cax*dboard discs re-

volving round a central pin fastened in the

tray, and having engraved on their periphe-

ries quantity scales of relative proportion.

Upon the edge of the tray is screwed a brass

stop, terminating in a flat finger, with a

feather edge on one side and a zero inscrib-

ed upon its end.

The cardboard scales are of two classes,

the height scales, referring to cuttings or

embankments, ranging in height from to

75 ft. These are engraved upon the larger

disc, which entirely fills the tray, but can

be turned round within it upon the center

pin ; the zero of this scale, in operating the

instrument, is made coincident with the

feather edge of the brass finger. The other

is called the quantity scale, and is applica-

ble for all widths and slopes of the height

scales ; it is graduated around the complete

circle, and represents a total of 100,000 c.

yards. This disc, is about 1 in. smaller in

diameter than the outer one, which it over-

lies, and turns freely upon its center ; its

zero corresponds with that on the end of the

brass finger. There is space sufficient upon
that part of the under disc exposed beyond
the edge of the upper, to allow of four or

five height scales being drawn upon it. All

these scales, by preference, refer to one for-

mation width, with varying slopes ; separate

cards being prepared for different widths,

and which can be easily placed on the tray

by unscrewing the stop and lifting off the

upper disc.

Both the height and the quantity scales

are but the ordinary earthwork tables graphi-
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cally stated. In constructing the former,

the calculated cubic contents of a bank or

cutting, of a certain formation, width, and
side slope, forms the extent of the scales,

each of the subdivisions of which represent

the quantity contained for heights decreas-

ing foot by foot to nothing, a constant

length of 66 ft. being maintained, although,

if desired, the scale may be divided into

shorter lengths. These graduated quanti-

ties being thus drawn, are projected with

ease upon the circular scales of the disc,

and from which the standard quantity scale

can be laid off.

In using this instrument, the height scale

adapted to the intended slopes and forma-

tion width is selected, and its zero is accu-

rately placed against the feather edge of the

brass stop by means of a pointer ; the disc

is then fastened into its position by set

screws. Then the zero of the quantity scale,

free to revolve, is accurately adjusted to

the at the end of the brass stop. The
longitudinal section having been divided

into chain lengths, a steel pointer is placed

on the rim of the quantity scale exactly op-

posite to that division on the height scale,

which corresponds with the height or depth

at the first chain. The disc is then brought

round until the pointer touches the brass

stop. Proceeding in this manner with each

chain length in the bank or cutting, the total

quantity may be read off on the quantity

scale at the zero of the brass finger, provid-

ed the quantity does not exceed 100,000 c.

yards, which is the total capacity of the

complete graduated circle. If the whole

contents, therefore, exceed 100,000 cubic

yards, that amount must be added to every

complete revolution of the quantity scale.

It is obvious that the use of this instrument

can be extended to computing the quantities

to be added or deducted for any formation

widths for which height scales are not pro-

vided ; if the earthwork be first measured
up with one base, and afterwards with a

smaller one, the difference between the to-

tals will give the cubic contents of a bank
or cutting, with a formation width equal to

the difference between the two bases used in

the computation. This quantity divided by
the width will give the cubic contents per
foot of formation.

Although as designed no means are pro-

vided for computing the contents of banks
or cuttings upon sidelong ground, it is ob-

vious that this could be effected by a modifi-

cation of the quantity scale, which could be

adjusted to correspond with varying trans-

verse slopes.

Altogether this instrument is the best

adapted for its purpose that we have seen,

and we are the more glad to bring it into

prominent notice as Mr. Barlow proposes to

devote any profits arising from its sale to

the Benevolent Fund of the Institution of

Civil Engineers.

GUIBAL'S VENTILATING FAN.

From a paper read before the Institution of Mechan-
ical Engineers, by Mr. J. S. E. Swindell.

The fan employed at the Homer Hill Col-

liery, Cradley, has eight vanes, and revolves

on a horizontal shaft within a cylindrical

casing of brickwork, by which it is com-
pletely enclosed at the sides and circumfer-

ence, with the exception of a circular aper-

ture in the center of one side for the en-

trance of the air from the mine, and an
outlet opening in the circumference for the

discharge of the air into the outlet chimney.
The area of the outlet opening is regulated

by an adjustable sliding shutter, according

to the extent of ventilation required ; and
the outlet chimney is built with a gradually

increasing area up to the top, so as to reduce

the velocity of the air at the point of dis-

charge, and thereby prevent the loss of

power that would occur in discharging it at

the velocity of the fan. The fan is driven

direct by a horizontal steam engine working
a crank on the end of the fan shaft without

the intervention of any gearing. The fan

is 16| ft. diameter and 4| ft. width, and its

usual working speed is 26 revolutions per

minute/ discharging 13,500 cubic ft. of air

per minute ; and it can be got up in only

about one minute's time to the higher speed

of 96 revolutions per minute, discharging

then 51,700 cubic ft. of air per minute. The
current of air from the mine passes to the

ventilator along an inclined drift leading off

from the upcast shaft at a little depth below
the top; and the top of the upcast shaft is

closed by a movable cover, which is lifted

by the ascending cage on arriving at the

top, the weight of the cover being counter-

balanced by weights. This is the first me-,

chanical ventilator that has been applied in

the working of the South Staffordshire Thick
or Ten-Yard coal ; and it has now been run-

ning about nine months, without a single

stoppage for repairs of any description, and
is doing excellent work, the total cost of the

fan, with engines and connections, being
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only about one-third of that of an ordinary

ventilating furnace for producing the same

amount of ventilation. A comparison of

actual working between the furnace and the

fan at a colliery in the north of England
shows that with a consumption of only two-

thirds as much coal, the fan supplies nearly

double the amount of air obtained with the

ventilating furnace. Several of these ven-

tilators are now at work at collieries in dif-

ferent parts of the country, some of which

are as large as 30 ft. diameter and 10 ft.

width, capable of delivering 100,000 c. ft.

of air per minute ; and they are so free from

liability to get out of order that no acci-

dents of any consequence to the ventilation

have occurred with any of them.

ILLUMINATING POWER OF COAL GAS.

From a paper on " Experiments on the Standards of

Comparison Employed for testing the illuminating
Power of Coal Gas," read by Mr. T. N. Kirkham,
M. Inst. C. E. before the Institution of Civil En-
gineers.

It was observed that the standards of

comparison at present in use were known to

be wanting in that uniformity of result

necessary for determining with accuracy the

difference in the intensities of two lights.

But as the amount of the variation had
never been clearly defined, the author had
instituted a series of experiments for the

purpose of ascertaining the extent of these

differences.

The instruments employed for testing the il-

luminating qualities of two flames were found-

ed on the law of optics, that light diverging

from a luminous centre diminished in inten-

sity in the ratio of the square of the dis-

tance. This principle had been taken ad-

vantage of by Count Rumford in the instru-

ment known as the "Jet Photometer,"
which was described ; as was also another

method, suggested by Professor Bunsen,
which was dependent for its action upon the

combination of reflected and transmitted

light.

In France, the instrument employed was
M. Foucault's modification of that proposed

by Count Rumford, as arranged by MM.
Dumas and Regnault; while the standard

of comparison was the amount of light

emitted from grammes of colza oil, special-

ly prepared and verified, burning in a Carcel

lamp, of certain fixed proportions, at the

rate of 42 grammes (648 grains) per hour

;

and it was required that the light produced
by from 25 litres to 27J litres (.8625 to

.9707 of a cubic foot) of gas, consumed in a

Bengel burner of known dimensions, should

be of equal power. The mode of conduct-

ing an experiment with this instrument was
then detailed ; and it was explained that

during the progress of the experiment, the

quantity of gas was regulated, so that the

two lights should be maintained of equal

intensity. In this way it was possible to

compare the consumption of oil with that of

the gas, and if the lamp had burned at the

specified rate of 42 grammes (648 grains)

per hour, the experiments should have been
completed in 14 minutes 17 seconds.

In England, the instrument in use was
constructed on the Bunsen principle, and the

standard of comparison, as defined by Act
of Parliament, was a sperm candle, burning

at the rate of 120 grains per hour. The
gas being consumed at the rate of 5 cubic

feet per hour, through an Argand burner
having 15 holes, and with a chimney 7 in.

high, must be equal, in intensity of light, to

12 such candles.

The instrument by means of which the

experiments were made by the author was
also constructed on the Bunsen principle,

combining all the most approved modifica-

tions. It consisted of four photomers, radi-

ating from a common centre in the form of

a cross, and each accurately scaled, adjust-

ed, and fitted with every appliance to insure

uniformity and precision.

The first series of experiments was un-

dertaken for the purpose, if possible, of ar-

riving at the amount of variation in the

illuminating power of candles obtained from
the principal manufacturers. Gas was
adopted as a standard of comparison ; and
to insure uniformity in its illuminating

power, a sufficient quantity for carrying out

the experiments on each occasion was put

into a gasholder in the labaratory, the

temperature in the latter being always main-

tained at 62° Fahrenheit. In this series,

each of the four photometers was supplied

with candles of a particular make, to the

use of which it was restricted throughout

the day, every successive experiment being

made with a separate specimen. All the

candles were cut in half and burned from

the centre. It was observed that, although

the standard candle was fixed by Act of

Parliament, as a sperm candle, of six to the

pound, burning uniformly at the rate of 120

grains to the hour, yet no such candle was

to be obtained ; for from various quantities

of sperm candles, six to the pound, procured
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from several manufacturers, the average rate

of consumption was 135 grains. This fact

had been previously demonstrated by the

extended series of experiments carried out

by Professors Graham, Leeson, Brande, and
Cooper, in 1852. The Parliamentary rate,

being abnormal, was so rarely met with, that

all operators had been compelled to make
corrections for these variations, and had un-

animously adopted the ordinary rule of

simple proportion for the purpose. It was
proposed, therefore, in the analysis of the

diagrams exhibiting the results of the ex-

periments, that the candles burning at the

rate of 135 grains should be designated

"normal standard candles," to distinguish

them from the Parliamentary standard of

120 grains.

Commencing with experiments Nos. 56
and 58 ; in No. 56 with a consumption of

119 grains, the illuminating power of the

standard gas was represented as 15.3

candles ; whilst in No. 58, with a consump-
tion of 121.2 grains, it was 14.5 candles.

The difference between these two experi-

ments, made with candles which happened
to be nearly within the Parliamentary stand-

ard, was .8 of a candle. In experiment
No. 51, burning the normal standard quan-

tity of 135 grains, the same gas was repre-

sented as being 15.48 candles ; and in No.
61, consuming 134.4 grains, or .6 of a grain

less, it was 16.28 candles, the difference be-

ing in this case also .8 of a candle. In experi-

ment No. 60, with a consumption of 134.7

grains, or only .3 of a grain more, the gas

was shown to be 18.18 candles, a difference

of 2.70 candles in experiment No. 51, with

a consumption of 129 grains of sperm, the

gas had illuminating power 12.6 candles.

In experiment No. 52, with a consumption
of 145.2 grains, the gas appeared to be 12.6

candles. Experiment No. 52, with a con-

sumption of 157.2 grains, gave the gas as

12.54 candles. The last three experiments

were examples of candles consuming differ-

ent quantities of sperm, yet giving practi-

cally the same amount of light ; the correc-

tion of which to the Parliamentary standard

of 120 grains created error. Experiments
Nos. 57 and 54, each with the same con-

sumption of 130.2 grains, showed the differ-

ence in the illuminating power of the gas
to be 2.42 candles ; the former representing

it as 13.02, and the latter as 1544 candles.

These were examples of candles burning the

same quantity of sperm, yet giving a differ-

ent amount of light. The greatest differ-

ence in the illuminating power of the
" standard gas as shown throughout the forty-

four experiments made upon this day, was
4.60 candles ; being between experiment
No. 51, with a consumption of 129 grains,

giving an illuminating power of 13.58
candles, and experiment No. 60, consuming
134.7 grains, representing the gas to be
18.18 candles.

An examination of the various diagrams
would demonstrate, that the differences in

the candles might be classed under five

heads ; viz., First. Differences in the illu-

minating power of Parliamentary standard
candles, burning at the rate of 120 grains

per hour. Secondly. Differences in the
illuminating power of normal standard
candles, burning at the rate of 135 grains

per hour. Thirdly. Candles with different

rates of consumption, giving the same amount
of light. Fourthly. Candles with the same
rates of consumption, giving a different

amount of light. And fifthly. Greatest dif-

ferences of illuminating power, in the whole
number of experiments when corrected to

the Parliamentary standard.

From the tabulated results of three other

sets of experiments, it appeared that, in the

first, when the consumption of sperm varied

from 109.2 to 134.4 grains, the greatest

difference in the illuminating power of the

gas, corrected to the Parliamentary stand-

ard, was 4.59 candles ; in the second, when
the consumption ranged from 120.9 to 130.8

grains, the difference in the illuminating

power was 3.06 candles ; while in the third,

with a consumption of from 120 to 142.5

grains, the difference was 4.21 candles.

The second, third, and fourth series of

experiments were made with candles obtain-

ed from one manufacturer only. As an ex-

ample of the results arrived at by the second

series, it was stated that with a consumption

of sperm varying from 129.6 to 130.2 grains,

the greatest difference in the illuminating

power was 2.26 candles.

Third series of experiments was made for

the purpose of ascertaining whether the

French standard of comparison, when used

at a photometer on the Bunsen principle,

was more reliable than the candle. It was
thus found, that when the lamps were allow-

ed to burn without any regular system of

trimming, the variations were about as great

as those of the candles ; but when the lamp

was trimmed before the commencement of

each experiment, the variation was about the

same as with the best candles. It was pro-
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bable that the result would have been better,

if the time allowed for taking the observa-

tions had been fifteen minutes instead of ten

minutes ; for the lamp when filled weighed

10 lb., and the balance employed would not

turn to less than a grain. Subsequent ex-

periments corroborated this supposition.

Of this series the examples selected show-

ed, in one case, that the greatest difference

in the illuminating power of the gas was
1.69 candle, with a consumption of sperm
ranging between 136.5 and 124.5 grains. In
another case the greatest difference in illu-

minating power, corrected to the standard

consumption of 108 grains of oil in ten

minutes, shown in the whole number of ex-

periments, was 2.3 candles, when the time

required for the consumption of 108 grains

of oil by the lamps was respectively 9

minutes 39 seconds and 10 minutes 3J
seconds.

For several years past the author had had
in operation one of Mr. Lowe's jet photo-

meters, for the purpose of indicating the

illuminating power of the gas as it was be-

ing manufactured. As its apparent accuracy

seemed to promise a more reliable means of

determing the illuminating power of gas, it

was decided to carry out a fourth series of

experiments, with a view to discover the

relation between the indications of this in-

strument and those of the French and En-
glish standards. At the "Cross" photo-

meter, three consecutive experiments were
made upon the quality of the gas, compared
with four candles burning at the same time.

The results of these twelve experiments were
then averaged, and accepted as the illumi-

nating power of the gas in each case. An-
other operator was at the same time engaged
at the Dumas and Kegnault photometer, and
the average of these experiments was also

taken as representing the illuminating power
of the gas. Two of Mr. Lowe's jet photo-

meters, fitted precisely alike, were in opera-

tion throughout these experiments ;' the

orifice in each jet being of the same size, so

that at any given pressure the height of the

flame from each would be the same. The
pressure at the point of ignition was regulat-

ed so as to give a flame exactly 7 in. in

height and that pressure was duly recorded.

The height of the flame at a pressure of .6

of an inch was also observed, as well as the

time required for the issue of .1 of a cubic
foot of gas under each of these pressures.

A diagram was prepared, showing the re-

sults of simultaneous experiments for as-

certaining the illuminating power of differ-

ent qualities, by two different systems, as

at present existing, and by the proposed plan
of testing by the jet. On this diagram a
diagonal line had been drawn, which illustrat-

ed the theory of ascertaining the illuminat-

ing power of gas by means of the jet photo-

meter, worked on the " Retrograde system,"
which might be thus stated : Maintaining a

7-in. flame from an orifice of certain fixed

dimensions, the illuminating power of the

gas was in direct proportion, inversely, as

the pressure.

This diagonal line being considered as the

"standard 7 in. flame," according to the
theory just advanced, it was observed that

the average results of twelve experiments
very nearly coincided with the theory ; and
at pressures of .40, .51, .63, .64, and .68 of

an inch this was especially the case. The
highest and the lowest candle experiments
were completely cut by the line, and the

lamp experiments also tended generally to

prove the theory.

Another diagram, representing the dura-

tion test corresponding with the retrograde

scale, showed the time required for the issue

of .1 of a cubic foot of gas, of a certain

illuminating power, maintaining a 7 in. flame

from the jet photometer. The use of the

duration test was to check the working of

the jet photometer, and to afford a means of

discovering any irregularities that might
occur in the apparatus. As an example of

its use, it was seen by the retrograde scale

that gas having an illuminating power of 14
candles gave a 7 in. flame at a pressure of

.63 of an inch ; and upon referring to the

duration test it would be found that .1 of a

cubic foot of gas of that illuminating power
ought to maintain that flame for three

minutes. Should there be any considerable

deviation, it was an evidence of some de-

rangement in the apparatus.

From these experiments the author believ-

ed it was evident that a more reliable method
than that at present in use for determing the

correct illuminating power of the gas sup-

plied to the public was urgently needed
;

and he thought the following system would
be found to give results approaching as near-

ly as practicable to a truthful estimate : Let
the illuminating power of the gas be deter-

mined by the aid of the present recognized

photometer, fitted with a Carcel lamp, burn-

ing oil of the same quality, and verified in

the same manner as that adopted by the

municipality of Paris as a standard ; and
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let a sufficient number of experiments be

made so as to cover the errors that were

known to exist, and the average of these be

compared with the illuminating power, as

shown by the jet photometer and the dura-

tion test, and then the "mean of compari-

son " might be taken as the illuminating

power of the gas.

ENAMELING AND POLISHING.

From "The Art of House Decoration," by Mr.
Sutherland.

In speaking of enamel, it must be under-

stood as polished paint on the surface of

woodwork, such as doors, architraves, win-

dow shutters, etc., etc. Enameling and

polishing is an art which requires the ex-

ercise of the greatest care and patience in

its execution. A little carelessness or inat-

tention at the finish may undo the work of

days. The work will not bear any hurry,

either in the material or labor, but must go

through its regular course, have its proper

time to harden between each coat and pro-

cess ; and the rubbing down must be patient-

ly and gently done—heavy pressure will

only defeat the end in view. Great care

should be taken in the selection of the

pumice-stone, both lump and ground, as the

slightest particle of grit or hard pressure

will scratch, and thus cause hours of labor

to be thrown away.

In describing the material used for the

purpose, we shall only describe that which

w*e consider best suited for getting up the

white or light-tinted enamel. There are

several kinds of filling up color used and

sold by the colorman, but most of them are

of a dark color, not suited for light work, as

they require so many coats of paint after-

wards, to get a pure body of color, that it

defeats its own object. In practice, we find

it best to fill up from the first with the same
tint of color we intend to finish with, thus

forming a solid body of pure color, which will

bear much rubbing down without being

shady. For all dark grounds, which have to

be finished a dark color, the black or dark
filling is the best.

The tools and material required are as

follows, viz :

1. White lead ground in turpentine, and
best white lead in oil.

2. A clear, quick, and hard-drying varn-

ish, such as best copal, Manders Brothers'

white coburg, and white enamel varnish, etc.,

etc.

3. Ground and lump pumice-stone, or putty

powder.
4. Rotten stone, ground in water or oil.

5. Some white felt, from a quarter to half

an inch in thickness, and of the best quality.

6. Several flat wooden blocks, of various

sizes and forms, suitable for getting into

corners and mouldings ; these must be cover-

ed with the felt on the side you intend to

use.

7. Two or three bosses made with cotton

wool, and covered with silk.

8. Sponge, and wash or chamois leather.

In order to simplify the description, we
will take a plain panel to operate upon. If

it is new, give it two coats of oil color, mix-

ed in the ordinary way ; now mix the white

lead, ground in turps, with only a sufficient

quantity of varnish to bind it with, thinning

to a proper consistency with turps. It is as

well to add a little of the ordinary white

lead, ground in oil, as it helps to prevent

cracking. Give the panel four or five coats

of this mixture, leaving a sufficient interval

between each coat to allow it to dry well.

Let it stand for a few days, until it is hard

enough to rub down. When it is ready, you
may rub it down, first with a soft piece of

lump pumice-stone and water, to take off the

rough parts. Now use the felt and ground

pumice-stone, and cut it down, working the

hand in a circular form or manner. You
will require to exercise much care and pati-

ence to rub it down to a level surface, and

without scratches. When you have got it

down level, if it is scratched or not sufficient-

ly filled up, give it one or two more coats,

laying it on as smoothly as you can, and rub

down as before. If done properly, it will

now be perfectly smooth, level, and free from

scratches ; wash well down, and be careful to

clean ofi' all grit or loose pumice-stone. Now
mix flake white from the tube with the before-

named varnish, till it is of the consistency of

cream. Give one'coat of this ; when dry, give

another, adding more varnish to it. Now, let

this dry hard, the time for which will of

course depend upon the drying qualities

of the varnish ; some will polish in eight or

nine days, but it is much the best to let it

stand as long as you possibly can, as the harder

it is the brighter and more enduring will be

the polish. When it is sufficiently hard, use

the felt and very finely ground pumice-stone

and water ; with this cut down until you get it

perfectly smooth ; now let it stand for a

couple of days to harden the surface, then

take rotten stone, either in oil or water, use
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this with the felt for a little while, then put

some upon the surface of the silk boss, and

gently rub the panel with it, renewing the

rotten stone as required. It is always better

to rub in a circle than straight up and down,

or across. Continue this until you have got

it to a fine equal surface all over ; it will

begin to polish as you go on, but it will be

a dull sort of polish. Clean off—if the rot-

ten stone is in oil, clean off with dry flour

;

if in water, wash off with sponge and leather,

taking care that you wash it perfectly clean,

and do not scratch. You will now, after

having washed your hands perfectly clean,

use a clean damp chamois leather, holding it

in the left hand, using the right to polish

with, keeping it clean by frequently drawing

it over the damp leather. Now use the ball

of the right hand, press gently upon the

panel, and draw your hand forward or to-

wards you ; if you do this properly, it will

bring up a bright polish on the work, and

every time you bring your hand forward a

sharp shrill sound or whistle will be produced

—if this is the case, you may be sure you

are in the right path. Continue this until

the whole surface is of one even bright

polish. It will be some time, and will re-

quire much practice, before you will be able

to do this in the best manner ; but with per-

severance and practice the difficulty will soon

vanish. A soft smooth skin is best for pol-

ishing ; if it is dry and hard it is apt to

scratch. The latter part of these instruc-

tions referring to the polishing, will, of course,

apply to polishing upon imitation woods and

marbles, or on any polishing varnish, using

the varnish pure, of course.

HEATING CARS BY STEAM.
Translated from " Polyt. Centralblatt."

Practical experiments on a large scale

have been made in Germany on this subject,

especially by the Brunswick Government
R. R., the Prussian Eastern R. R., the

Hanovei'ian Government R. R., and the

Lower Silesian R. R.
On the Brunswick R. R. the steam was

taken from the boiler of the locomotive,

passing through a small cock of 1^ in. inte-

rior diameter, into a large pipe of copper

about 20 in. in diameter. Two such copper

pipes were laid lengthwise below the floor of

each passenger car, and connected by hose

with the pipes of the adjacent cars. The
pipes were covered by a grate along the

walking floor. Under the seats they were

covered by a wide box of sheet iron open in

front so as to let the heat into the compart-
ment and to protect the seats from the im-
mediate radiation. These arrangements ef-

fected an increase of temperature in the cars

of about 25° F., which is quite a favorable

result.

On the Prussian Eastern R. R. the heat-

ing by steam of the passenger and baggage
cars of the express trains was introduced in

January, 1865. The steam is produced by
a small tubular boiler standing in a com-
partment of the baggage car, and is carried

along the train through a lj in. pipe fixed

to the lower part of the wagons. The maxi-
mum steam pressure is 30 lb. The pipes

are joined by caoutchouc hose between the

wagons. The heating of the compartments
is effected by hollow cylinders connected

below with the above described main pipe.

The admission of the steam into the cylin-

ders is regulated by cocks or valves from
the outside of the wagons, It has not been
found convenient to have this regulation

done by the passengers from the inside of

the compartments, and all the arrangements

put in at first for this purpose had to be re-

moved. The temperature in the wagons can

easily be increased 50° F.

The steam pressure is very nearly the

same over three wagon lengths, and conse-

quently the heating power of the cylinders

is about equal in the first three wagons.

The above arrangements would therefore be

sufficient for a larger number. No objec-

tions nor difficulties of any importance have

been met with in using this system. The
trains are running regularly over a dis-

tance of several hundred miles. The con-

sumption of coal is about 1^- lb. per English

mile, thus causing but a very small expense.

The Hanoverian Government R. R. runs

daily two mail trains, with steam heating,

between Cologne and Berlin. The steam is

generated in a small tubular boiler put up
in a compartment of the baggage car. The
heating pipes are laid through the cars

lengthwise, their axis being about at the

level of the floor. The wagons of one train

contain four parallel pipes of wrought iron,

those of the other train contain but two

pipes of sheet iron. Both kinds of pipes

have a diameter of 2f in. They are

situated at a height of but one inch between

the passenger seats, and located there im-

mediately below the floor, so that a thin

sheet of iron with which they are covered is

even with the floor level. The emanation
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of the heat takes place principally below the

seats, where the pipes are uncovered. This

emanation can be lessened and regulated by
valves so arranged as to cover the pipes

more or less. The valves can be worked
from the outside of the cars by the em-

ployees, as well as from the inside by the

passengers. On the first trial of these heat-

ing arrangements the temperature of the air

was raised from 41° to about 60° F. The
consumption of coal amounted to 25 lb. per

hour, during which .time 175 lb. of water

were used. The whole arrangement has

been found good and convenient. Further
experience will show if it will prove suffi-

ciently effective in severe frost.

The steam heating machinery actually in

course of construction on the Lower Silesian

railroad is similar in principle to that of the

Hanoverian railroad. The details are not

yet known. S.

IRON AND STEEL NOTES.

Silicon and Sulphur in Cast Iron.—The fol-

lowing practical remarks, on the making of pig

iron, are culled by the " American Exchange and
Review/' chiefly from the new edition of Kerl's

Metallurgy, by Dr. Crookes :

When casting pig iron in cast-iion moulds (chills),

it will be found that the least silicon is contained in

the lower part of the pig, on the other hand most
of the combined carbon ; whilst the upper part of

the pig is richer in silicon and other substances

which may separate. In such cases most of the

manganese will also be found in the upper part.

Upon casting pig iron in moist sand, the lower part

of the pig is less modified. It is therefore ' advisa-

ble to cast good forge pigs in cast-iron moulds
forming thin plates.

The following plans may be adopted for producing
pig iron poor in silicon : Employing low tempera-
tures and carbonizing the iron as perfectly as possi-

ble ; or if a higher temperature is required, employ-
ing admixtures of lime to render basic the suffi-

ciently aluminous mixtures from which silicon is

reduced with more difficulty than from silicious

mixtures poor in alumina; and, finally, adding
manganiferous fluxes. The latter fluxes partly ren-

der the mixture easier to fuse, and the manganese
combines with the silicon and separates on the sur-

face of the liquid iron. According to Lohage,
manganese, as well as aluminium, also facilitates the

separation of silicon at the smelting of cast steel.

Good gray foundry pig iron may contain as much
as two per cent of silicon; if containing a larger

amount, it is harder and less strong, but it may be
improved by remelting, when part of the silicon

will be separated. Such iron, containing an excess
of silicon, is fine grained, of light color, has but
little lustre, and solidifies quickly.

Forge pig iron surfers more loss by scorification

the more silicon it contains; it may, nevertheless,

be more advantageous to produce pig iron rich in

silicon and poor in sulphur, when treating impure
ores at a high temperature, than by employing a
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low temperature to produce iron poorer in silicon

and richer in sulphur, as silicon may be more per-

fectly separated than sulphur. The state of combi-
nation of the silicon essentially influences the be-
havior of the iron at its conversion into malleable
iron.

Lohage suggests that gray forge iron should con-

tain at least two per cent of silicon in order to form
a slag which shall thus preserve the iron from fur-

ther oxidation; and as the silicon first oxidizes,

time is allowed for the separation of sulphur and
phosjmorus. Forge iron containing about 1.5 per

cent of silicon is not usually desirable.

The higher sulphides lose in the upper parts of the

furnace part of their sulphur, with iron, if iron is

present in a reduced state, and if the temperature
is sufficiently high. The sulphur in pig iron does
not seem to be always combined with iron, but some-
times with silicon. Schafhautl mentions an instance,

that at the tapping of pig iron in the Tividale iron

works, near Dudley, sulphide of silicon, of the com-
position Si

2S 3
, analogous to the oxide of silicon, was

separated in the form of a whitish-yellow, spongy,

earthy substance. The sulphur is frequently not

divided uniformly in the pig iron, and in the com-
mon pigs collects more in the upper part than in the

lower part.

Additions of lime whilst applying higher temper-
atures, thus forming sulphide of calcium, which has

the property of dissolving other metallic sulphides

(sulphides of iron, manganese, etc.) , and of sending

them into the slag. This re-agent is more effective

if the sulphur is contained less in the ore than in

the gangue, fuel and fluxes, as, in the latter case,

sulphide of iron is not at first formed, but sulphide

of calcium, which directly enters the slag. Slags

produced at Hattingen, from iron pyrites of the coal

measures, contained from four to six and a half per

cent of sulphide of calcium.

The Chemistry of the Blast Furnace.—The
following are the principal points in the recent

paper of Mr. I. Lowthian Bell, read before the

Chemical Society:

Scheerer, Tunner and Ebelman, who have made
experiments on the subject, have laid down with
apparent precision the parts of the furnace, and the

temperatures at which the different stages of the

manufacture of iron—the reduction of the oxide and
the union of the iron with carbon—take place. The
former is commonly supposed to happen at a very

considerable temperature, while the latter is com-
monly believed to take place in the hottest part of

the furnace. Mr. Bell has arrived at conclusions

altogether different. His results go to prove that

the deoxidation of the ore takes place at a compar-
atively low temperature, and that the carburization

is effected long before the metal is liquified and
separated from the slag.

Mr. Bell dissents from Scheerer's representa-

tion of the various changes that go on in the blast-

furnace, as taking place in zones ; and he seems to

attach much more significance to the term used by
Scheerer than need be. The " Mining Journal "

says : We are disposed to consider that the zones

spoken of by Scheerer, where the reduction, car-

buration and fusion of the metal take place, are so

far real that they are at least relatively different

parts of the blast furnace, not, indeed, definable by
absolute lines, but still in a certain degree distinct.

That in certain furnaces the zone of reduction should
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tend to assume the form of an acute cone, rather

than a layer with horizontal boundaries, is quite

conceivable ; but whatever be the configuration of its

vertical or horizontal areas, it is not the less distinct

and different from the zones of fusion, carburation

and calcination, where processes of a different nature

are in progress.

The attainable economy of fuel in smelting iron

is another point to which Mr. Bell directed atten-

tion. "When it is considered that something like

two and one-half tons of coal are consumed in pro-
ducing one ton of pig iron, even when hot blast is

used; and that to effect the chemical change of
smelting, only eight hundred weight of coal are

needed, still leaving one-half of the heating power
of that coal unapplied, and available for further use,

the great importance of devising means of econo-
mizing fuel in this operation will be obvious. More
than four-fifths of the coal consumed in producing
pig iron, is consumed in raising the temperature of
the charge to effect fusion, and that is done under
the most disadvantageous circumstances as regards
production of heat.

The gases escaping from the throat of a blast fur-

nace have not only a large amount of unused heat-
generating power, but they have also a temperature
and reducing power capable of preparing ore for

the subsequent processes of the blast furnace. In
the Cleveland district economy in this direction has
been carried to a considerable extent, by increasing
the height of the furnace, and thus taking off the
gas at a lower temperature than is sometimes the
case elsewhere. But it is from the higher heating
of the blast that greater economy is now to be looked
for. The idea that hot blast deteriorates the quality
of iron is now pretty well exploded, and there is no
reason that some advance should not be made in

effecting economy of fuel by this means.

ACCURATE ROLLINO-MlLL MACHINERY. At length
the managers of our finished ironworks are ar-

riving at the just conclusion that most of the stop-

pages by the breakdown of machinery result from
inaccurate adjustment and rude construction. Con-
sequently gearing of absolute accuracy, and of
greater strength with less material, is now in de-
mand, and the works where these are produced are

busy in that especial department. There can be no
doubt whatever that a vast economy will result from
the use of sucli castings, even as there is much
saving yet to be effected in the engine department
of our mills and forges. So soon as the iron trade

generally shall see that it is not economy, but, on
the contrary, extravagance, to cast their wheel
gearing at home upon the old models, and shall go
to our best machinists for what they require, and
pay a very much larger sum for it, weight per
weight, then we shall have less cumbersome appa-
ratus, worked by engines which do not consume four

times as much steam as with different gearing would
be necessary. The losses which have resulted in

the past year from stoppages by the breaking down
of the unwieldly machinery too frequently to be
observed thundering in our ironworks, are, to our
knowledge in certain cases, somewhat startling.

They are the more so because at neighboring works,
where a heavier first cost was not shunned, and
where, as a consequence, light, easy and almost si-

lent working machinery is in operation, the stop-
pages have been of an insignificant character.
The foregoing is from the correspondence of

" The Engineer." The same lesson has been learned
by our progressive iron workers in America—and
the result is the establishment of special manufac-
tories of rolling mill machinery, such as that of
Matthews & Moore, in Philadelphia, where trains

of* rolls are fitted up with the accuracy and solidity
that characterize marine engines.

The Radcliffe Process.—An invention has re-
cently been patented in England, by which it is

claimed that masses of iron or steel may be produc-
ed of sufficient size to form girder, rail, shaft, armor
plate, &c, which will be homogeneous throughout,
in so far that they will be without any weld, in the
ordinary sense of the term. Some years since, the
welding of two or more puddled balls into one, un-
der a steam hammer, was practised in Wales, and
more recently in America, for instance at the Alba-
ny Iron Works; and by this means large masses
were produced, but the process was not satisfactory,

because the surfaces of the balls became oxidized,

and good union could not always be secured between
them in consequence. In the Radcliffe process, a
number of puddled balls are worked together under
a heavy steam hammer; but in the process here al-

luded to the puddled balls are welded together in a
furnace, when the iron is surrounded by a neutral

flame, and the oxidation of the iron is thus pre-
vented. It is contended, also, that the cost of pro-
ducing rails, armor plates, &c, by this process will

be much less than by the ordinary methods. It is

difficult to explain the arrangements connected with
the furnace, without the aid of diagrams, but we
may briefly state that a hydraulic anvil is made to

work horizontally through an opening in one side of

the furnace, and on the other a steam hammer is

made. to move in a similar manner. Thus mechan-
ical appliances can be brought to bear upon the

manipulation of a large or small quantity of iron.

By an arrangement of rolls in front of the furnace,

it is proposed to roll the iron into shape without re-

heating. The use of the hammer entering the fur-

nace, to perform the welding in a neutral flame, was
long since patented in America, by Alonzo Hitch-
cock, of New York.

IMPROVEMENT IN IRON CASTINGS. MeSSrS. MuMO
and Adamson, of Glasgow, have patented some

improvment in the mode of manufacturing articles

now made of malleable or wrought-iron, steel, or

cast-iron from re-melted pigs, foundry scraps, or

direct from the blast-furnace. Chills of the shape
required for the articles to be produced are provid-

ed, and molten iron is run into them. As soon as

solidified, and for the purpose of making the
material very hard and dense, the casting may be
taken from the chills and cooled in water or other-

wise, or it may be allowed to remain in the chill for

a longer period, or the chills may be surrounded
with or cooled by water. In place of forming the
chill castings of absolutely crude iron, the iron

before being cast may be partly refined by blowing
atmospheric air into its mass, or by placing com-
pounds of oxygen into the vessel or furnace wherein
it is refined. The chilled castings are afterwards

annealed or tempered, thus producing a material

possessing many of the properties of wrought,
forged, or malleable iron, but avoiding the costly

manufactureof iron now in use.

—

Mining Journal.
If we had not tried a part of this invention with-

out successive might believe it new and useful.

—

Ed. V. N's Mag.



VAN NOSTRAND'S ENGINEERING MAGAZINE. 659

Cryolite in iron Furnaces.—The " Colliery

Guardian " contains the following paragraph :

" An invention patented by Messrs. James Bow-
ron and George Lunge, of England, consists of

mixing fluoride of calcium, the same being obtain-

ed artificially or in the form of a native rluor spar,

or the mineral known as " cryolite," either in a

state of fine division or otherwise, with the materials

used in blast furnaces, for the purpose of removing,
wholly, or in part, the phosphorus contained in the

pig iron to be obtained therefrom. The invention

further consists in using fluoride of calcium in pud-
dling and other furnaces, to aid in the manufacture
of wrought-iron and steel by the removal of the

phosphorus contained 'therein. The phosphates
resulting from such treatment may be utilized as

manure."
We hear that the " Stevens Flux," notorious in

this country for its brave promises and halting per-

formances in the extraction of "more gold than
could be found by ordinary assay," has already

found a sphere of real usefulness in the metallurgy
of iron—though we are not prepared to say that its

application is novel or that its employment at the

price charged for it will prove economical. As we
have often said, whatever good qualities the Stevens
Flux possesses are probably shared by native fluor

spar ; and now, for the consolation of Col. Stevens,

we will reverse the case, and say that whatever ad-
vantages the above patent of Bowron and Lunge
presents, are probably shared by his Flux. What's
sauce for the goose is sauce for the gander.

—

American Journal of Mining.

Coating Iron with Brass.—A new process has
just been patented of coating iron with brass,

copper, silver and other metals, which bids fair to

work almost a revolution in some of the trades of
Birmingham. One method heretofore employed
is veneering—if that term be applicable to metal

—

but the expense and difficulty attending it have been
an objection to it from the first. Electro-plating by
various processes has been attended with much
greater success, but even this coating is not so du-
rable as could be desired. What has long been
wanted is a method of coating iron with brass or

silver, as readily as it is now coated with tin, and so

as to render it equally durable. This has been at

length successfully accomplished by a Wolverhamp-
ton patentee with remarkable success. The process
adopted is that of immersion, but of course the de-
tails of the invention are for the present kept secret.

I have seen, says the correspondent of " The Engi-
neer," some sheets of iron which have been coated
with copper on this principle, quite equal, for all

practical purposes, to sheets ot copper. They will

bear stamping into all imaginable shapes, and even
burnishing, without removing the copper coat, the
latter having to all appearance eaten its way into the
inferior metal. Coated iron on this principle will

supersede brass and copper to an enormous extent,
for while it will be equally serviceable, it will be
40 per cent lower in price.

The Durometer.—An instrument for testing the
hardness of metals, by drilling, has been invent-

ed, says the " Builder," by M Behrens, an engineer
of Tarbes. in France. It is said that it has been
thoroughly tried, and that many French contracts
for rails now contain a condition that they are to be
tested by this apparatus. It consists of an upright

cast iron standard bolted down upon a bedplate, and
provided with a table for supporting the rail or

other article to be tested. The spindle of the drill-

ing tool is capable of being raised and lowered in its

bearings by turning a handle for that purpose, and
the drill is held down to its mark by a weight fitted

to the upper end of the drilling spindle. Its rotary
motion is derived, through a pair of mitre wheels,
from a driving shaft carrying the usual fast and
loose pulleys. This shaft has a worm upon it which
moves a train of mechanism, in connection with a
signal gong, for the purpose of indicating the num-
ber of revolutions made by the drill. The appara-
tus is exceedingly compact. Its use by French
manufacturers has led to a gradual increase in the

hardness of the rails they produce.

Estimating the Impurities in Iron.—Gintl gives

a very easy method of determining the impuri-
ties in cast iron. It is applied by him to the esti-

mation of the sulphur contained in the iron, but, as

will be seen, it is available for the separation and
determination of most of the usual impurities. The
iron is reduced to as minute a state of division as

possible, and is then treated with a strong solution

of perchloride of iron, as nearly neutral as possible.

The mixture is kept heated for ten or twelve hours,

at the end of which time almost all the iron will be
found to have dissolved, leaving, as a residue, the
carbon, sulphur, phosphorus and silicium, together

with the little iron left undissolved. This residue

has only to be well washed, oxidized and dissolved,

and the sulphur estimated as sulphate of baryta.

The exact plan directed by the author is to intro-

duce the residue and filter into a porcelain crucible,

having, at the bottom, three parts of nitrate of pot-

ash and one part of hydrate of potash ; heat to fu-

sion, dissolve and precipitate with chloride of bari-

um. The phosphorus and silica will be contained in

the same solution, and can be determined separately.—Mechanics' Magazine.

A New Fact in the Behaviour or Iron.—Mr.
Goi e has noticed a new fact in the behaviour of

iron under the influence of heat and of strain. A
strained iron wire was heated to rednesss by a cur-

rent of voltaic electricity, and then, the current
being discontinued, was allowed to cool. It was
observed that there arrived a moment in the process

of cooling at which the wire suddenly elongated,

and then gradually shortened, until it became per-

fectly cold, remaining, however, permanently
elongated. No other metal besides iron exhibited

this peculiarity, which Mr Gore attributes to a
momentary molecular change, and he points out
that this change would probably happen in large

masses of wrought-iron, and would come into

operation in various cases where those matters are

subjected to the conjoint influence of heat and
strain, as in various engineering operations, the

destructions of buildings by fire, and other cases.

The phenomenon deserves a further investigation,

since every fact relating to iron is of importance to

us.

—

Mechanic's Magazine.

I^ffect of Phosphorus on Iron and Steel.—
J With respect to the influence of phosphorus and

slag in iron, Professor Styffe has a theory that the
diffusion of slag through iron containing phospho-
rus, has a beneficial influence in counteracting the

injurious effect of the phosphorus. The results of

experiments as to the influence of this material
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upon the tenacity of iron, agree pretty closely

with those of Karsten and others. The author

says :

'•' The tensile strength of iron is not sensibly

impaired by the presence even of 0.2 or 0.3 per

cent of phosphorus, provided the metal has not

been strongly heated after having undergone the

operation of rolling or extension by other manipu-
lation." He even maintains that the presence of

even a considerable quantity of slag or cinder in

iron impregnated with phosphorus is beneficial, by
preventing the largely crystalline structure which
would otherwise result from the presence of that

element. With respect to the intluence of phos-
phorus in steel, the author, on the contrary, con-
firms the opinion that it is injurious, rather than
beneficial, and says that he knows no authenticated

instance in which the proportion of phosphorus has

been higher than 0.4 percent in what has been con-
sidered as good steel.

Tungsten Steel.—It is many years since Mr.
Mushet proposed to alloy iron with tungsten in

the formation of steel. We reported a year or two
ago that Mr. Leguen, in France, had made experi-

ments with the same alloy, employing iron converted
by Bessemer's process. Then he used a common
gray pig, not fit for conversion, but produced,
nevertheless, an alloy of very good quality. Lately,

he has continued his experiments, now employing
good white cast iron, and has produced a steel of

excellent quality. A portion of the iron is first

alloyed with one-tenth wolfram, in a cupola furnace,

and is added to the rest in the converter. The con-
version is carried further than usual, so that the

carbon is reduced to one -half the ordinary propor-

tion. The steel so produced is soft, but very tough,

and tempers remarkably well. Mr. Leguen men-
tions that it will be found extremely useful for

machines, some parts of which require to be tem-
pered, while others are kept soft. The objection

brought against this alloy is that it is expensive,

but the amount of tungsten employed by Mr. Leguen
is so small—only 0.55 per cent—that it can make
but a very small addition to the cost of the steel.

—

Mechanic's Magazine.

Testing Boiler-plates by the Saxbt Method.
—During the past year the Saxby method of

detecting flaws in iron, by the deflection of a mag-
netic needle, has been experimented with in Eng-
land with especial reference to the detection of flaws

in boiler-plates. In one of these trials a piece of

partly used plate, that had successfully withstood

all the Admiralty tests, was shown by the new
method to possess a weak point ; the existence of

the defect and the efficacy of the method being sub-

sequently proved by a re-examination of the plate

by mechanical means. So successful have been the

trials thus far made, that Mr. Saxby is led to claim
j

for his method the attribute of infallibility.

—

Ame-
\

rican Artizan.

To renovate old Files and Rasps.—A file or

rasp worn smooth is immersed for a time in a

mixture of one part nitric acid, three parts oil of

vitriol and seven parts water. The time it must be
allowed to remain in this acid bath depends upon
the quality of the metal. A very hard steel will

require a longer immersion than a soft fine-grained

metal. The tool is then well rinsed in water, and
then (to ensure the perfect removal of the acid) in

milk of lime. It is afterwards to be dried, and the

lime is brushed away. When new files are made by
this plan, they require a little additional treatment
to protect them while in stock. After they have
been carefully dried, and the lime has been brushed
away, they are to be brushed over with a mixture
of olive oil and turpentine, and, lastly, well rubbed
with very fine charcoal powder. Any one would
imagine that the aeid, acting equally on all parts,

would simply dissolve away some of the metal, and
leave the file as smooth and useless as before.

But such, we are assured, is not the case. Files

may be renovated over and over again, and are al-

ways as good as new.

—

Mechanic's Magazine.

Casting a 70-Ton Anvil Block.—At the new
Steelworks at Landon recently, a 70-ton block

for a steam hammer, was successfully cast by Mr.
Williams of St. Helen's Works Swansea. Two
cupolas were specially erected at a suitable distance
to enable the metal to run directly into the mould.
Operations commenced at an early hour, and by a
quarter to 10 a. m. the charges began to follow each
other at regular intervals at three-quarters of an
hour up to 9 p. m., at which time the block con-
taining seventy tons of iron was finished. This is

the largest casting ever made in Wales. The di-

mensions are 11 ft. 6 in. by 9 ft. 6 in. at base, and
7 ft. 6 in. high, and it will occupy from two to three
weeks to cool sufficiently to allow it to be reversed,
it having been cast base uppermost. Trunions
joining part of the casting are so placed that it will

simply be turned upon its own axes.

'
j
he Siemens-Martin Process in France.—The

i. Terrenoire Ironworks have now four Martin fur-

naces in operation. Ere now this process has been
carried on, introducing scraps of Bessemer steel

into cast iron. It is necessary, of course, that this

cast iron be entirely free from phosphorus. Some
trials have been made in the use of worn out rails

instead of Bessemer steel, but that has been a com-
plete failure. The rails were exceedingly brittle,

and the railway companies have forbidden the mix-
ture of old iron rails with the Bessemer steel used
in the Martin process. This difficulty might be
avoided with good iron obtained from a cast iron

free from phosphorus, but the price of the steel

would be greatly increased. This process will be
very useful to the makers of Bessemer steel, ena-
bling them to get rid of their scrap.

—

Correspond-
ence of The Engineer.

RAILWAY NOTES.

Freight Cars with Changeable Gauge.—

A

new through freight line between Boston and
Chicago, called the " National Despatch Line," are

now running a through line of changeable gauge of

freight cars, between those cities, passing over the

Boston and Lowell and Nashua, Concord, Northern
(N. H.), Vermont Central, Montreal and Vermont
Junction, Grand Trunk and Michigan Central Rail-

ways, comprising the 4 ft..8£ in., and 5 ft. 6 in.

gauges. One hundred of those cars are now in use

on the line ; a part of which have been running
since the 1st of January very successfully and sat-

isfactorily, and it is intended immediately to in-

crease the number of cars to five hundred, and
alterwards to further increase the stock as the busi-

ness requires.
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ENGLISH LOCOMOTIVE EXPENSES.
COMPARATIVE STATEMENT OF HALF-YEARLY MILEAGE, LOCOMOTIVE EXPENDITURE, AND TRAFFIC RE-

CEIPTS OF VARIOUS ENGLISH LINES.

Half-year ending January, 1869.

Note.—AVe gave last month a table showing the total expenses of the principal British lines. The following table, from
' Engineering,'' gives the details of locomotive expenses on some of these lines.
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Four Coupled Express Engine—Paris and
Lyons Railway.—This type of engine may thus

be generally described : Outside horizontal cylinder

17.33 in. in diameter by 25.6 in. stroke, four driving

wheels 6 ft. 6.2 in. in diameter and 6 ft. 10 in.

apart, and a pair of leading wheels 3 ft. 11.66 in. in

diameter aud 6 ft. 2.4 in. forward of front drivers.

The driving wheels have only two springs, the axles

being connected by compensating beams. The fol-

lowing particulars (and also engravings) appear in
" The Engineer " of May 21, 1869:

ft. in.

Length fire grate 4 4
Width do ..• 3 3^
Surface of grate in square feet 15
Height inside copper fire-box near the

tubes 5 3

Height near the door 4 10^
Length at the top 4 2
Length at the bottom . . 4 4
Width 3 3±

Thickness of side plate 0|

Thickness of door plate 3

1

Thickness of copper tube plate at the

top 1

Thickness of copper lube plate at the

bottom 01
Number tubes 164
Outside diameter 2

Thickness Q'h
Length between plates 16 3-A

Length outside fire-box 4 11

Width at the top 4 2|
Width at the bottom 3 10i
Thickness 0^

Outside diameter small plates of shell, 4 1 i"

Length of shell 16 Of
Height of the centre above the rails. . 6 4£
Steam pressure 120 lb.

Diameter of each of the two safety

valves 4%
Heating surface fire-box, square feet. . 80
do tubes, square feet 1260
do total 1340
Inside diameter chimney 1 4^
Height above the rail 14 4

Transverse distance frames 4 Of
Thickness do 1

Total length of the engine 29 7

f

Diameter of leading wheels 3 11|

Diameter of driving and trailing wheels 6 65

Distance from leading to driving wheels 6 if
Distance from driving to trailing wheels 6 10

Total wheel base 13 Of
Transverse distance between wheels. . 4 5|
Transverse distance between centers

of journals 3 8^

Length of journals of leading wheels. . 9e
Diameter of do do do . . 6£
Length of journals of driving and trail-

ing wheels 96

Diameter of journals of driving and
trailing wheels 7|

Number of plates in springs of driving

wheels 16

Thickness Of
Width 3^

ft. in.

Length driving spring plates 3 9
Number of plates in springs of leading

wheels 11

Thickness 0£
Width 3|
Length 2 10

Camber 3l
Diameter of cylinders 1 5£

Stroke 2 if
Length of connecting rod 5 11

Transverse distance between centers of

cylinders 6 2s
Angle of advance of eccentrics 30 deg.

Throw of eccentrics 2s
Stroke of slide valves in full gear. ... 4§

Inside lap of slide valves ,.... O50

Outside lap of slide valves Is
Length of steam ports 11 g-

Width of steam ports If
Width of exhaust ports 2f
Weight of empty engine 30 tons 8 Cwt.
Length of connecting rod 8 4|
Diameter of connecting rod 4|
Length of coupling rod on driving

wheels 3£
Diameter of coupling rod on driving

wheels 4|
Length of coupling rod on trailing

wheels 3^
Diameter of coupling rod on trailing

wheels 3£

Distribution of Weight in Working Order.

tons. cwt.
Leading wheels 9 9
Driving wheels 12 11
Trailing wheels 12 5

Total 34

These engines run at an average speed of forty-

five miles an hour, traversing inclines of 1 in 200
with trains weighing 115 tons, exclusive of the
tender, which weighs twenty-three tons in working
order. They are very steady, and the company
have been so well satisfied with their working, that
after a first supply of fifteen engines, fifteen more
have been ordered.

The Railroads or the United States.—From
a comprehensive abstract in the New York

"Times," of Mr. Henry V. Poor's new work on Rail-

roads, we compile the following statistics : There
were in operation in all the States, on the 1st day
of January, 1869, 42,255 miles of line, the cost of
which, at $44,000 per mile, equaled $1,800,000,000.
The total amount of net tonnage transported over
them for the year equaled 75,000,000 tons, having
a value of $10,472,250,000—a sum equaling six

times their cost, and moie than four times greater
than the whole amount of the national debt

!

The construction of these works upon a grand
scale commenced with the discovery of gold in

California, in 1848. The number of miles in oper-
ation in the country, on the 1st day of January of
that year, was 5,599. The mileage annually con-

structed from the opening of the first section (23

miles) of the Baltimore and Ohio Railroad in 1830,
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to 1847 inclusive, equaled 311 miles. The yearly

average opened from 18-48 to 1860, inclusive, equal-

ed 1,92-5 miles—the aggregate opened in this period

being 25,037 miles. During the war the number of

miles built equaled 3,273, or 818 miles annually.

Since 1864, 8,347 miles have been opened, or

2,086 miles annually. The number of miles opened
the past year equaled 2,979 miles.

There are in progress fully 15,000 miles of line,

of which at least 5,000 miles will be opened the

present year.

The ratio of mileage of these works to our total

population is as 1 of the former to 876 of the

latter. The ration in the New England States is as

1 to 846 ; in the Middle, 1 to 1,037; in the South-
ern, 1 to 969; and in the Western, 1 to 731. The
State of New Hampshire has 1 mile of railroad to

500 inhabitants; the State of Nebraska, 1 to 163;
and the State of Florida, 1 to 343.

The State having the largest proportionate mile-

age is Massachusetts, which has 1 mile of road to

5.47 square miles of area. The State of Ohio has

1 mile of line to 11.76 square miles. A ratio simi-

lar to that for Massachusetts would give to the

whole country 600,000 miles of line. One similar

to that for Ohio, 300,000 miles. The total amount
of net tonnage transported over all the railroads of

the United States for the year 1851, did not exceed
5,500,000 tons. The rate of increase from that

year to the close of 1867, in which year 75,000,000
of tons were transported, exceeded 1,300 per cent.

The tonnage traffic of all the roads in the country
in 1858 equaled 18,750,000 tons. The increase in

the decade commencing with this year consequently

equaled 300 per cent traffic.

The value of the tonnage for 1867 is estimated to

equal that of the several classes of freight|transport-

ed on the Erie canal for that year, (the value o.

which is carefully ascertained,) or $139.63 per tonf

The aggregate value of the tonnage of all the roads
equaled, consequently, the enormous sum of $10,-

472,250,000. At a similar estimate the value of

the tonnage transported in 1851 equaled $765,236,-

725; in 1858, $3,096,762,500. The total increase

in value of the tonnage transported in 1867 over
that transported in 1851 equaled $9,707,013,275,
and $7,375,487,500 over that transported in 1858.

Our railroads transport, on an average, 2,000
tons to the mile. The tonnage of the railroads of

Massachusetts, for 1867, equaled 5,394,137 tons, or

3,853 tons to the mile. That of the railroads of
New York equaled 10,343,681 tons, or 3,501 tons

to the mile ; that of the railroads of Pennsylvania
equaled 35,383,370 tons, or 7,864 tons to the mile.

The tonnage borne on the railroads of those States

having a mileage of 8,750 miles equaled 51,121,140
tons, or 5,826 to the mile. The tonnage of most of
the great roads far exceeded the estimate. The
aggregate amount transported could not have been
less than 100,000,000 tons.

Over ordinary highways wheat will bear trans-

portation only 250 miles; Indian corn only 125
miles. Upon railroads these, the most valuable of
our cereals, will bear transportation 3,200 and 1,600
miles, respectively. The area of a circle drawn
upon a radius of 125 miles equals 49,077 square
miles ; that of a circle drawn upon a radius of 1 ,600
miles, 8,042,496 square miles.

The total earnings of all the roads in the United
States in 1851 equaled $39,406,358. The receipts
from freight and passengers were almost exactly

balanced. The earnings from all sources in 1867

were $400,000,000, of which $280,000,000 were
received from freight, and $120,000,000 from pass-

engers. The rapid increase of earnings from freight

is a most favorable feature. The earnings of the

English railways in 1851 were $73,000,000, of

which $35,000,000 were from freight, and $38,000,-

000 were from passengers. In 1867 their total earn-

ings were $190,000,000, of which $105,000,000 were

from freight, and $85,000,000 from passengers.

The ratio, in this country, of earnings from freight

to earnings from passengers is as 2.2 to 1 ; in Eng-
land is a little over 1.1 to 1.

The earnings of American roads are more than

twice greater than those of England. The railroad

mileage of that country in 1867 was 14,247; in the

United States, 39,276. The cost of the former,

equaled very nearly $2,500,000,000, that of the

railroads of the United States, for the same year,

$1,700,000,000. The earnings of the English roads,

upon their cost, equaled 7.86 per cent ; those of

the United States very nearly 25 per cent. The
English roads, however, have a great advantage
over our own in operating expenses, their net earn-

ings, as a rule, fully equaling one-half of the gross

receipts. In this country the net cannot be esti-

mated at over 30 per cent of the receipts. The
following statement presents in detail the various

items entering into the cost of operating the rail-

ways of the two countries—the railroads of the

State of New York being taken as representing

those of our own :

Items of cost per train, mileage of running trains

upon the railroads of New York and Great
Britain for 1867 :

New York. Gt.Britain.

Cents. Cents.

Maintenance of way, including

iron 49.50 12.70

Repairs of engines and materials 17.35 6 45
Repairs of cars 21.18 6.74
Wages of engineers and firemen 8.36 3.00

Fuel 21.60 3.42

Local taxes 5.50 2.20

All other charges 42.62 26.86

Total 166.00 61.37

The preceding statement shows the cost per
mile of operating the railroads of the State of New
York to be two and a half times greater than that

of operating the railways of Great Britain. The
earnings of our roads, however, per mile run are

nearly twice greater—the average earnings of the

former being $1 25 per mile ; of the latter about

$2 30 per mile. The most startling difference in

the items of cost is in the matter of fuel ; the cost

of the same in this country being 21.60 per mile, in

England 3.42 per mile.

In 1880 the population of the United States will

equal 50,000,000. Its railroad mileage will equal

70,000 miles. At the estimate of only 2,000 tons

to the mile their aggregate tonnage will equal 140,-

000,000 tons, having a value of more than $20,000,-

000,000, while our population is increasing at the

rate of 1,200,000 annually.

The New York Central Company recently paid

a million of dollars for four acres of land for a
terminus in New York.
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LOCOMOTIVES OF THE PARIS, SCEAUX AND LlM-
ours Railway.—This railway has curves of

82 ft. radius. The engines have four driving wheels,

hut the wheels ou the opposite sides are independ-

ent of each other, and are driven hy two cylinders

for the right and two for the left pair of wheels.

The driving tyres are 12 in. wide, without flanges.

The leading and trailing wheels are flanged, and are

loose on the axle, (which is free to turn raidally to

the curve), and they are fitted with ''guiding

hogies " which have wheels lying nearly horizon-
tally and bearing against the inner edge of the rails.

The following are particulars of the engines, from
" Engineering," January 29, 1869, in which paper
the machinery is illustrated.

Engines with four
cylinders, built in Engines
1855, and subse- at lvry
quently altered. in 1867.

Cylinders: ft. in. ft. in.

Diameter 11 16

Stroke 20 2-4

Distances between centers 9 4

Total width of engine 11

Wheels :

Diameter of leading and trailing

wheels 3 8 3 5

Diameter of coupled wheels.. . 5 5

Length of wheel base 17 16 6

Boiler

:

Diameter of barrel 4 6

Number of tubes 134 201

Diameter 1|

Length 11 12 6

Height of top of firebox above
grate 4 3

Length of grate 3 9

Width 4

Area 10 sq. 15 sq.

Heating surface ; tubes

(outside) 744 2,234 sq. ft.

Heating surface ; firebox . 56 80 sq. ft.

Total 800 1,314

Weight in working order :

tons. tons.

On leading wheels 8 10.3

On front pair of coupled wheels. . 12 12.0

On hind pair of coupled wheels. . 12 12.0

On trailing wheels 8 8.7

Total weight 40 43.0

Weight available for adhesion 24 24
Capacity of water tanks 880 gallons

Quantity of coal carried 2\ tons

One of the engines was subjected to some trials

with a train of forty carriages. In passing round
the terminal curve of 25 metres (82 ft.) radius, this

train covered three-quarters of a circle; seven car-

riages projecting beyond the engine and half the

train proceeding in the opposite direction to the

latter. In another trial a train of thirty-seven

carriages carrying 1,200 soldiers, run from Bourg-
la-Reine to Orsay round the terminal circle at the

latter place, ascended the incline of 1 in 180, and
returned to the point of departure in 43 minutes.

—

The distance run was 28 kilometres, or about \1\
miles, so that the average speed was about '2±\ miles
per hour. The reverse curves at Palaiseau (328 ft.

radius) was traversed at 25 miles per hour, and the

terminal circle at Orsay at a speed of from 7 to 8
miles per hour. The total mileage run during the
year is 236,000 kilometres, or 160,000 miles. The
cost of maintenance of the carriage stock is 0.3
francs per kilometre, or 4.8d. per mile, and the cost

for lubrication 0.18 francs per kilometre, or 2SSd.
per mile. The cost of traction varies from 0.8 to

0.9 francs per kilometre, or from 12.8d. to 14.4d.

per mile.

This system of locomotives and cars (similarly

constructed) is that of M. Arnoux, and it has been
in regular and successful operation for some fifteen

years.

Steel v. "Best" Iron Rails.—In the autumn
of 1867, Captain Tyler and Mr. C. W. Eborall

visited the Grand Trunk Railway of Canada and
reported in great detail upon its financial, structural,

and mechanical condition. Upon the question of
rails, Captain Tyler observed in his report

:

The difficulty of obtaining durable rails of iron

has of late years been very generally felt, and has
induced an outcry for steel rails in quarters where it

would not otherwise have been heard. Much trouble

has resulted, and much expense been incurred, for

the want of rails of good quality in England, and
still more in the United States, and in Canada. . . .

In Canada, as elsewhere, after the failure, from
lamination, of steel-headed rails, it has been con-
sidered that it would be better economy in the end
to lay down steel rails than to continue to use iron

with such lamentable results. . . . But I have,
after careful inspection and inquiry, become con-
vinced that iron rails of appropriate form, of suita-

ble and reasonably good quality, and of sufficient

hardness in the heads, may be made to last on most
parts of the main line for fifteen years, and on the

average of the Grand Trunk Railway for very much
more. . . . The chance of procuring new rails of
superior quality lies probably in insisting on a longer

term of guarantee for the rails supplied, in employ-
ing the most reliable manufacturers and in paying
a price commensurate with the value of the article.

No manufacturer need have any fear of prolonging
the guarantee to seven or even ten years if he only
furnish a suitable rail.

The practical result of Captain Tyler's recom-
mendations is not at all, however, what was wished,

and it proves that the "outcry" for steel rails, to

which he refers, was more than well founded. In

the company's last report the directors remark :

The directors regret that the rails sent out from
this country in 1867, purchased from the best

makers, are not giving satisfaction. The directors

took every precaution to secure the best rails which
could be made, and exacted guarantees from the

makers which they are putting in force. The small

quantity of steel rails sent out in 1865, although

placed on a part of the line where the traffic is very
heavy, show no signs of giving way.

The engineers of the company, Messrs. E. P.

Hannaford and J. F. Barnard, in their report to the

directors, state that,

The rails latterly re -rolled in the United States

and Toronto have proved superior to new rails im-
ported from England. This is a very important

fact, as we are of opinion new rails made from ores

direct from the mine should be better in every

respect than rails made from old material, which,

from successive re-heatiug and the mixture of dif-

ferent qualities of iron, must of necessity prove
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inferior to rails made from new iron properly manu-
iactured. In former years imported English rails

have stood the test of our climate with success,

although of lighter section than those now laid ; and
we are unable to understand why English rails can-

not now be made to stand, and must press upon you
the urgent necessity of insisting upon the works
employed to make rails for us in England turning

them out better than those imported during the past

two years. The complaint we now make about the

quality of English imported rails is almost universal

among all railway companies in the United States

and Canada. The one-third of a mile of Bessemer
steel rails laid in 1865, near Kingston, continue to

show no failure ; not one rail has been replaced, or

likely to be for years, although the traffic at this

place is more than ordinary. Some of the best iron

rails laid at the same time and locality as the steel

have had to be removed, and others, considerably

worn, must come out this year. The general condi-

tion of the track and works, as compared with former
years, is satisfactory, but we would again call your
earnest attention to the question of the quality of

imported rails, as, until we get English rails to stand,

the annual cost of renewals of iron must of necessity

continue heavy, and during the present year we
must incur a large outlay, owing to the bad quality

of most of the English rails, and their need of be-
ing replaced before they have lasted even the lowest
average .

—

Engineering.

Duties on Passengers and Tonnage.—Mr. Ash-
bel Welch, General President of the Camden

&. Amboy & New Jersey Railroad Companies, states

a very large case in a very few words, in Appendix
. G. of the late report of the said companies :

When these companies were incorporated, during
the infancy and inexperience of railroad legislation,

it was unfortunately provided that they should be
taxed by transit duties on passengers and tonnage.
This amounted to ten cents per passenger, and
fifteen cents per ton between the Delaware and Rari-
tan, and twenty-seven cents per ton, and not quite

fifteen cents per passenger, between the Delaware
and Jersey city. While only passengers and high-
classed goods were carried by rail, this tax was not

so severely felt; but when, contrary to the contem-
plation of the law, low-classed tonnage sought the
rail route, its embarrassing and paralyzing effect

was found to be greater than any one, not called

upon to deal with the subject, can readily under-
stand.

Where there is no tax on tonnage, it is the true
interest of railroad companies to make a moderate
profit per ton on a large tonnage, rather than a
larger profit on small tonnage; for the increase of
tonnage and consequent increase of intercourse in-

creases their other business. But a tax on tonnage
prohibits, or at least limits, this policy. For ex-
ample : if the profit on one ton of railroad iron, be-
tween Trenton and Jersey city, is fifty cents, without
transit duty, then, with the transit duty of twenty-
seven cents, it becomes twenty-three cents net to

the companies. But if, by reduction of rates, the
quantity is increased tenfold, as in this case is pro-
bable (the cost in consequence being also reduced),
and if the profit is then twenty-five cents per ton,

without transit duty, the aggregate profit is $2.50,
or five times as much as on the one ton ; but, with
the transit duty of twenty-seven cents per ton, there
ensues a net loss of twenty cents on the ten tons.

—

So such a reduction, as is highly advantageous,
without the transit duty, would be impossible with
it. The transit duties on tonnage were, therefore,

sometimes prohibitory—always restrictive in their

operation—and cheap transportation was impossible.

The odium of this fell mainly on the companies.

—

They were taxed excessively by an unexpected
operation of the law, and punished by the public
for being so taxed.

Ettbrts, heretofore made to cure the evil, have
failed. Public men have feared to touch the sub-
ject, as the action required might endanger the
revenues of the State. At last the companies ap-
pealed to the people, and found them in advance of
their representatives. It was not supposed possible

to do more at first than to modify the transit duties
on the lower grades of property. But with the un-
expected support, and even pressure, of the people,
and under the enlightened advice of the chief magis-
trate of the State, the Legislature wisely abolished
all transit duties, and substituted other taxation.

The new law, in effect, commutes the annual State
taxation of the companies at that of 1868, which
was not quite $300,000. The annual increase of
transit duties paid the State for the last eight years
has been between $15,000 and $16,000. The new
connections of the companies' works, with the roads
leading south and west, the pressure upon them of
cheap property, at low freights, the diversion (con-
sequent on the consolidation of the companies' in-

terest) of traffic to the Jersey city route, where the
taxation was highest, tend greatly to accelerate the
rate of increase of transit duty that would have been
paid, in addition to the acceleration due to the gen-
eral increase and returning prosperity of the country.

Large as the fixed amount to be paid is, it is much
smaller than the transit duty would have become in

a very short time.

But the greatest advantage of this change of tax-
ation is, that it gives the companies the free use of
their own works—removes the dam which has so

much obstructed their traffic—allows them to in-

crease their business without paying enormously for

the privilege. The excessive disparity heretofore

existing between the taxation of these companies
and that of other railroad companies in the State,

though not removed by this law, is prevented from
increasing. The greatest burden was not the amount
actually paid, but the amount that would have been
paid if the roads had been worked to the best ad-
vantage.

Borsig's Express Locomotives—These engines

are used for what is termed " fast" passenger

traffic on the Rhenish railway . They have four coup-
led wheels 5 ft. 6 in. in diameter. The leading wheels

are 3 ft. 4 in. in diameter, and the total wheel base

is 13 ft. 6 in., the distance between the centers of

the coupled axles heing 8 ft. 2 in. The trailing

axle is placed below the firebox, the firegrate being

inclined ; and the driving and trailing springs are

connected by compensating beams. The front ends

of the two leading springs are also connected by a
transverse compensating beam, which oscillates on
a center below the front end of the boiler ; and it

follows from this arrangement that the engine is

virtually carried on three points. All Borsig's en-

gines are supported on the springs in this way, and
the same or equivalent arrangements are adopted
on almost all German locomotives.

The cylinders, which are 16 in. in diameter by 22
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in. stroke, are outside ; and so also is the valve

gear, which is of the " straight link " kind. One
peculiar feature in the boiler of the engine we are

describing is the great height given to the firebox

casing, a feature which has been extensively adopt-

ed by Borsig, both for the purpose of giving addi-

tional steam room, and adding weight to the engine

at the hind end. In addition to the raised firebox

casing the boiler is also provided with a dome 24|

in. in diameter and 3 ft. 5 in. high at the leading

end. The front and back of the firebox casing

above the firebox, and the smokebox tubeplate

above the level of the tubes, are stayed by plates

on edge secured to them by strong T and angle

irons. The crown of the firebox is supported by

being connected to transverse girders or stays,

which extend across the firebox casing from side to

side, and which thus serve as ties between these

sides in addition to supporting the firebox crown.

The barrel contains 171 tubes, 1| in. in diameter,

and 11 ft. 1£ in. long, these tubes being of iron with

copper ends. The heating surface of the firebox is

69 square feet, and that of the tubes (external) 930

square feet, making in all a heating surface of 999

square feet. The weight of the engine is 30 tons,

empty, and 33 tons 14 cwt. when in working order,

this latter weight being divided as follows :

tons. cwt.

On leading wheels 11 14

On driving wheels 11 6

On trailing wheels 11 14

Total 33 14

The engine is provided with a six-wheeled tender,

weighing, empty, 11^ tons. In the year 1867,

Borsig supplied ten engines, of the class we have

described, at the price of £2,650 per engine and
tender, and last Decembei he received a further

order for twelve such locomotives at the price of

£2,533 per engine and tender. This type of engine

is illustrated in " Engineering,'' May 21, 1867.

M"ulittle more knowledge of the facts, if not a rea-

sonable amount of courtesy, would have saved some
of our American newspapers, technical and other-

wise, the discreditable mistake of abusing Mr. Scott
Russell about what he has said and done regarding
the introduction of railway ferries. The animus of
the prime mover in this crusade against Mr. Russell

may be observed in the wild way it goes about
abusing that gentleman—for instance—by saying
that the paddle engines of the Great Eastern were
a failure, the fact being that they were a great suc-

cess.

It seems to " rile " the American eagle beyond
all endurance, that Mr. Russell designed and exe-
cuted a ship to ferry railway trains across Lake
Constance, and then described it in a paper before

the Institution of Naval Architects, and urged a

similar means of transit between England and
France. And why ? Because the same thing was
done in America before ! To be sure Mr. Russell

said in his paper, ' I must say that it is not me
the English people have to thank for having made
this experiment for them." He described a work
of his own, and as his own, when a similar work
had been done in America before. That is his

offense . Suppose he had built a North river steamer
or a twin screw, and had then urged their farther

adoption and magnified the details of his own work
without claiming credit for the general idea. Should
we have gone mad over that? The railway ferry
is as notoriously of American origin as the North
river steamer or the twin screw. Or must Mr.
Scott Russell begin by praising American genius
every time he speaks of his constructions of the
American type ?

Mr. Russell has, on several occasions, described
the Havre d"e Grace railway ferry as a brilliant

feature of American practice, and he has always
been the admirer and advocate of the many good
features in American marine and mechanical con-
struction. A native yankee, " with the stars and
stripes grown onto his back," could not have ren-
dered more frequent and hearty, and possibly not
more graceful, tribute to the American practice

than Mr. Scott Russell has rendered, in his many
speeches and writings, for the last fifteen years. In
fact, the greater part of the literature concerning
the American steamboat practice has been made by
Mr. Scott Russell and his son. For an American
engineer to abuse Mr. Scott Russell is simply dis-

graceful.

Apparatus for Testing Rails.—Mr. Charles T.

Liernur, formerly of Mobile, and now resident

abroad, patented some nine years since, an appara-

tus of which the following is the specification :

" The object of my invention is to construct an
apparatus in which the rail is subjected to a course

of trials similar in its results to actual usage when
laid upon the road. For this purpose I lay a cir-

cular track composed of 3, 4, or more rails (or

pieces of rails), making a circle of from 20 to 30 or

more feet in diameter. On this track I place a car

supported by four, six, eight, or more wheels, all

the axles of which point towards the center of the

circular track. The wheels to be of the size, pat-

tern and make as actually are to be used upon the

road for which the rails are to be tested, and the

car to be loaded with the weight per wheel equal to

the greatest load they will have to sustain when in

use upon the road. The vertical .shaft to be well

braced, and to be strongly attached to the car, so

that when a rotary motion is given to the former,

this motion will be participated in by the latter, a

beveled cog-wheel being placed at the top or bottom
of the shaft for the purpose of revolving it by means
of a stationary steam engine placed near by.

" "What is claimed as the invention is a railway

car revolving by means of a center-shaft, and sup-

ported by four, eight, or more wheels, the axles of

which point towards said shaft, and running said

car upon a circular track of railway rails for the

purpose of submitting both rails and wheels to a

test of usage."
This plan has recently been proposed in England

by other paities, and it is to be hoped that the ex-
periment will be carried out.

Rolling Stock or the Central Pacific.—This

Company has now running 150 locomotives.

Besides these there are seven partially set up in

San Francisco. There are several more contracted

for, yet to arrive. The engines, in running order,

are from eleven different makers, the largest num-
ber from one firm being 47 from McKay & Aldus,
28 from the Danforth Locomotive Company, 24
from the Schenectady, 10 from the Rhode Island,

etc., only one being from Booth &. Co., San Fran-
cisco. Two have drivers 3 ft. 9 in. diameter;
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about twenty have six drivers 4 ft. diameter ; twen-

ty-five have six drivers 4 ft. 6 in. diameter; forty

have four drivers ranging from 5 ft. 6 in. to 5 ft.

diameter; sixty have four 5 feet drivers each ; and
two have four 5 ft. 6 in. drivers. Excepting two
small locomotives, with two drivers each and 11

in. cylinders, 15-in. stroke, the locomotives run

16, 17 and 18-in. cylinders and 22 and 24-in.

stroke. The engines under contract have six driv-

ers, 5 feet diameter, 18-inch cylinder, and 24-in.

stroke.

The Company owns 1,400 platform cars, nearly

all of which have been made at Sacramento. The
total number of box cars on the road is 360, with

an increase at the rate of 30 a week. Of composite

baggage, mail and express cars, there are 17 in

work, and others constructing. Of hand cars and
track cars and section cars, there are 123, and more
making. The passenger cars are not very numer-
ous ; but besides ten in use, four are making in the

shops and there are ten contracted for in the East.

The Company also own a handsome family carriage.

The sleeping cars will come from the east, and
will be kept on those sections of road where night

traveling is done.

—

American Railway Times.

rPiE-spoTTiNG Machine.—This device, built by
JL Mr. Jauriet, of the Chicago Burlington and
Quincy shops at Aurora, is thus described by the
" Chicago Railway Review :" Our readers are aware
that rails are generally laid level upon the ties, with

the result of bringing the whole weight of the car

upon the inside of the rail and the inside of the in-

clined rolling surface of the wheel. Mr. Jauriet

conceived the idea of laying the rail so as to incline

inwards on the same level as the surface of the

wheel. The old hand process of doing this, with
adze, is slow, unequal, and costs more than it comes
to. The tie-spotting machine—attached to a car

and transported from place to place on the line

—

may be generally described as consisting of two
vertical shafts, with knives attached, to which the

ties are brought by means of a chain-feed. The
knives are adjustable, so as to " spot " at an angle,

or in the ordinary manner. The machine is operated
by the engine attached ; and requires, besides the

engineer, six men to operate it, who do the work of
from fifteen to twenty. A recent experiment re-

sulted in the spotting of seventy-six ties in fifteen

minutes.

Chicago, Burlington and Quincy Shops at
Aurora.—We condense the following from the

" Chicago Railway Review :" The present old works
at Aurora are to be enlarged as follows : Car shop,
400 by 100 ft., two stories ; setting up shop, 200 by
90 ft.; car machine shop, 100 by 90 ft.; car smith
shop (nearly done), 200 by 90 ft.; paint shop, 200
by 90 ft.; drying kilns, lumber sheds, a tin and
brass shop and a fire proof engine and boiler house.
The old engine house (40 stalls) will remain, and
another will be added. The present machine shop
is 185 by 50 ft., stocked with Bement's and with
Sellers' tools, among which are 26 lathes, 8 planers,
and 7 drilling and boring machines. The ptesent
smith shop is 80 by 50 ft., and has a 4,000 lb. Be-
ment-Davy hammer. The boiler shop is 60 by .50
ft. There are also a brass foundry, an oil house,
and a rail repairing shop. The locomotive superin-
tendent is Mr. C. F. Jauriet, and the superintend-
ent of the car department Mr. W. W. Wilcox.

Chicago and Alton Shops at Bloomington.—
The original shops at this place were burned in

1867. Temporary works were improvised within
the old walls. The new works are more than half
completed, and will have cost about five hundred
thousand dollars. They are built of rough dressed
stone, and have slate roofs on iron trusses. Gas
lighting and steam heating are extended to every
part.

The two engine houses (one completed) are 230
ft. in diameter, for 28 locomotives each. The ma-
chine shop will be 260 by 100 ft. with a wing 80 by
45 ft., and engine and boiler house attached. There
is to be a transfer table outside of this building.

—

The smith shop is to be 200 by 100 ft. ; the boiler

shop 180 by 60 ft.; coal shed 125 by 40 ft.; iron
house 80 by 50 ft. ; foundry 210 by 60 ft., and clean-
ing room attached, 50 by 45 ft.

The car shop is 263 by 80 ft.; the car machine
shop 200 by 75 ft. (2 stories), with outside transfer

table and attached engine house; the paint shop
172 by 75 ft. A two story office and store building

/

120 by 60 ft., is centrally situated.

The superintendent of machinery is Mr. J. A.
Jackman; the superintendent of the car shops is

Mr. Rufus Reniff.

Communication between Passenger and
Guard to be enforced in England.—The

Act for the Regulation of Railways, passed last

session, provided that "after the 1st of April,

1869, every company shall provide and maintain
in working order, in every train worked by it

which carries passengers and travels more than
twenty miles without stopping, such efficient

means of communication between the passengers
and the servants of the company in charge of the
train, as the Board of Trade may approve. If any
company make default in complying with this sec-

tion, it shall be liable to a penalty not exceeding
£10 for each case of default. Any passenger who
makes use of the said means of communication
without reasonable and sufficient cause, shall be
liable to a penalty not exceeding £5." The Board
of Trade have extended the time in order to afford

further opportunity for further testing the merits

of the numerous plans submitted to the companies.

Steel Rails.—Steel rails, it is reported, are to

be laid on the entire length of the railroad from
Paris to Marseilles. The change from iron to steel

will require 137,000 tons of steel. From experi-

ment made by the company, it has been calculated

that in the vicinity of the stations iron rails will not

last over eight or ten years. The steel rails, it is

believed, will last thirty or forty years. The
bridges are to be constructed of steel as soon as

iron ores suited to the manufacture can be obtained

in sufficient quantity.

The Erie Railway Company have completed

17,000 tons of steel rail on their road—not a broken

rail since. They have purchased the New Jersey

Iron Works and those at Elmira, and are now turn-

ing out about 400 tons of steel rail every month.

Within a year the whole line will be relaid.

—

American Journal of Mining.

Locomotive Boiler Explosions.—~So fewer than

fourteen locomotives have exploded within the

seven months ending June 1st, in the United States,

killing twenty-nine persons outright and severely

wounding a much greater number.
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The Broad Gauge, as regards the midland dis-

tricts of England, is now a thing of the past, the

Great Western Railway Company having ceased to

run any broad gauge passenger trains between Lon-
don and Birmingham, Wolverhampton and Liver-

pool. Already, too, on the branch between Read-
ing and Basingstoke, the third rail has been remov-
ed, thus converting that line from a mixed gauge
into an entirely narrow gauge line, and connecting

the Great "Western system with the London and
South-Western Railway and the south of England.
In addition to this, the whole of the broad gauge
lines north of Oxford will immediately be taken up,

removing in the midland counties the last trace of

the system of one of the two great rival engineers,

whose plans were so long hotly contested, and cele-

brated as "the battle of the gauges."

Another Bridge Across the Mersey.—Messrs.

William Low and George Thomas, civil engi-

neers, have submitted to the Mersey Dock and Har-
bour Board a letter and plans, illustrating their

scheme of crossing the Mersey by means of a rail-

way suspension bridge between Liverpool and Birk-

enhead. It will consist of three spans, the center

one 1,800 ft. in length, and the others 960 ft. each,

and will be 140 ft. above high water mark. The
bridge would unite the various railway lines in Lan-
cashire and Cheshire. It will be under two miles

long, and the total cost is estimated at £1,750,000.
This would be the sort of thing to try our engineer-

ing mettle before we venture to bridge the Irish and
British channels.

New Indian Railway.—Opeiationsin connection

with the laying out of a new and important line

of railway communication have just been commencd
by a staff of British civil engineers. The line is

designed to connect Carwar, on the Malabar coast

and the cotton districts of Hooblee and Dhawar,
with the probability of its being carried through
into the Madras Presidency. The line is to be
designated " The Southern Mahratta and Mysore
Railway." There will be formidable difficulties to

contend with in "carrying the line up the dcnsely-

jungled ghaut," with an elevation of some 1,500 ft.

The undertaking is to be carried out under the di-

rect orders of the government.

r~THE St. Gothard Railway Scheme.—It is

.1- rumored that, in addition to a subvention of

50,000,000f. to this scheme, Prussia is now ready
to renounce her real or imaginary rights over the

Swiss territory. The project has been well received

in Switzerland, the Northern and North-Eastern
Railways each contributing 9,000,000f., whilst the

various German cantons will, it is expected, vote

considerable sums in addition to the Federal sub-

sidy.

rPHE Channel Bridge.—M. Boutet's system of

-L excessively long spans (3,282 yards) is being

tested by models of one hundredth size, and upon
the success of one, the "Journal Officiel de l'Empire
Francais " says :

" The project of a bridge over the

straits makes each day further progress." * * *

" The problem is resolved that bridges and viaducts

of every size can be constructed in a single arch

without piers from bank to bank !"

The Creusot works have secured a fresh order

for locomotives (fifty-five altogether) on Rus-
sian account.

Legislation to aid Railways.—During the five

weeks' session of Congress, thirty-one bills were
introduced in the Senate alone contemplating grants
of public lands, bonds, or credit, or all three, to

railway projects. The land grants proposed vary
from one to eighty thousand sections in each case,

and amount in the aggregate to about two hundred
million acres.

Railroads vs. Steamboats.—Drawing-room cars

and steel rails are beginning to furnish those
solid comforts which pleasure travelers have here-
tofore considered peculiar to steamboats. The
roominess, upholstery and decoration of steamboats
are all that could be desired, but there should be
better ventilaton of dining-saloons, less early blow-'
ing off of steam, and more polite attendance.

Fast Running.—Trains on the fast railway line

between Liverpool and London can now be
driven at the rate of fifty miles an hour, and the

whole distance (200 miles) accomplished in four

hours. There is no stopping for water, this being
scooped up from troughs between the tracks while
the train is running at full speed.

Connecticut River Bridge at Middletown.—
The Keystone Bridge Company, of Pittsburgh,

have contracted to build the new wrought iron

bridge on the Boston, Hartford &, Erie road at Mid-
dletown, Ct. It will be of 1,200 feet span, and will

cost $176,000.

NEW BOOKS.

Geology of New Jersey. By authority of the

Legislature. Geo. H. Cook, Geologist. 8vo.

899 pp., with portfolio of eight large maps. Pub-
lished by the Board of Managers, 1868. New York:
D. Van Nostrand.

This substantial volume gives the final report of

the geological survey of New Jersey. The first

survey of this State was made by Prof. Henry D.
Rogers, the report of which was published in 1840.

A subsequent survey was conducted by Dr. William
Kitchell, geologist, and Prof. George H. Cook, as-

sistant, during the years 1854, 1855 and 1856. But
before the survey was completed, the failure of

legislative appropriation compelled its close. The
present survey was authorized in 1864, under Dr.

Cook as geologist, and the result of the four years'

labor and investigation of him and his assistant is

given in this volume.

It consists of two distinct portions ; the first, com-
prising about one-third of the volume, is a strictly

scientific exposition of the geological formations

found in the State. The work, in this department,

has been mainly expended in extending the geologi-

cal systems of New York and Pennsylvania into the

corresponding formations of New Jersey. This has

not been entirely without difficulties, because not a

few unsolved mysteries had been bequeathed by the

geologists of the neighboring States. The task,

however, has been thoroughly done, and much light

has been thrown on the intricate questions of fossil

and lithological geology. In the appendix to the

volume will be found some valuable catalogues

bearing on these scientific inquiries.

The second portion of this work will be found to

the general reader more interesting, and to those

interested in developing the resources of the State,

of the greatest value. It treats of the economical
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products of the State with a fullness and thorough-
ness which will be found equaled in no similar

work. In this respect Dr. Cook and the managers
of this survey deserve the thanks of the people of

New Jersey and of her neighbors. To the agricul-

tural public this complete exposition of the extent,

the value and the characteristics of those marvelous
beds of marl, will be most acceptable. Literally

this fertilizer has for New Jersey turned the wilder-

ness into a fruitful field. Many, for the first time,

will find in this work the first systematic and satis-

factory explanation of its value as a fertilizer. To
those interested in mining, the chapters on the iron

regions will be found especially acceptable. A
special map is devoted to this region, and the loca-

tion and direction of all the known iron beds are here
laid out. It will surprise not a few to learn, from
this work, that New Jersey, although standing

twentieth in the scale of population among the

States of the Union, furnishes one-eighth of all the

iron, and in manufacturing iron stands fifth.

In other economic products New Jersey is unu-
sually rich. One-half of all the zinc product of

the United States is derived from her mines. Her
clay beds furnish a vast variety of clay, from that

suited for manufacturing common brick to that

which will produce the finest porcelain. She has

peat beds which will furnish a bountiful supply of

fuel when the coal beds of Pennsylvania are ex-
hausted. She has immense beds of sand, which is

in demand for the manufacture of glass, fire-brick,

and concrete stone. Her manufacturing interests

are scarcely less important than her agricultural.

Newark has grown to be a city of 120,000 inhabit-

ants, and is the third city of the Union in the value

of its manufactured products.

Situated as New Jersey is, between the two
greatest markets of the United States, she can
never fail to be one of the most important sections

of the country. Cheapness of transportation, the

certainty of a market even for the most perishable

products, the fertility of her soil, the industry,

thrift and intelligence of her inhabitants, ensure for

New Jersey a rapid development of her resources,

and an unexampled career of prosperity. To this

rapid development this valuable report of Dr. Cook
cannot fail largely to contribute. The Legislature

has wisely decided to continue the survey under the

same admirable management for an additional

period.

Modern Practice or the Electric Tele-
graph.—A Handbook for Electricians and

Operators. By Frank L. Pope. New York : Rus-
sell Brothers, Publishers, 28, 30, and 32 Center
street.

During the quarter of a century which has elaps-

ed since the introduction of the electric telegraph

in the United States, those engaged in its service

have been almost entirely dependent upon verbal

instruction, and long practical experience, for a

thorough technical knowledge of their profession.

The works heretofore published on the subject have
been of a popular rather than of a scientific or prac-

tical character, or else of so elementary a nature as

to be of little service except to very inexperienced
students.

The work before us, though very concise, is a
treatise suitable for the practical electrician and
telegraph operator; but it will also be found ser-

viceable to the student as well as to the more ad-

vanced electrician. Its author, who, though a
young man, is a telegrapher of many years' expe-
rience, and has a thorough scientific knowledge of
all that relates to the telegraph, goes very fully in-

to the various branches of the subject—batteries,

magnets, circuits, and insulation. The book con-
tains a very complete description of the Morse or
American telegraph system, explains the testing of
telegraph lines, gives notes on telegraphic construc-
tion, and hints to learners, and concludes with very
copious notes on various minor details.

—

American
Jirtizan.

LEHRBUCH DER GESAMMTEN TuNNEL-BAUKUNST.
Yon Franz Rziha. Ernst and Korn, Berlin,

1868.

The fourth part of the second volume of this

magnificent work of Rz ilia's, which we have noticed
at length in past pages of the " Practical Mechanics'
Journal," has appeared ; and all we need say of it

is that it fully sustains the reputation of the preced-
ing parts.

In the present part the Belgian. German and
Austrian systems (for they all differ a good deal)

of tunneling are fully described and critically

compared. This is followed by an elaborate
comparative critique and estimate of costs, of
timber-frame tunneling, with a chapter or two on
the methods of lining with masonry under diverse
conditions ; and these lead on to the commencing
chapters, in which the author is about to describe
his own peculiar system and construction of cast

and wrought-iron moveable framing for tunneling
without timber, of which we before nowT gave a
tolerably complete sketch to our readers.

—

Practi-
cal Mechanics' Journal.

Ieitfaden zur Bergbaukunde &c. Yon Ber-
J grath H. Loptner. Bearb. u. herausg. von

A. Serlo : Erste Liefrg.

We may fitly place this work after that of Rziha,
for it treats of a very analogous subject. Tunnel-
ing and shaft-sinking for railways have much in

common, and have in fact borrowed much in prac-

tice from level and adit driving and shaft-sinking

for coal and other mining. These last are the

operations here treated of, and treated of with the

ability we are prepared to expect from the reputa-

tion of Bergrath Lottner, well known in Germany
for his grand maps and sections of the coal forma-
tions of Westphalia, &c, and as a Professor of Min-
ing in the Royal Mining Academy of Berlin. The
present part treats mainly of sinking and driving

through various " ground," and includes all the

new machinery for boring and holing each, and the

new and old explosive agents. The work will be
completed in three large parts (or volumes, we may
almost call them,) with many illustrations by ex-
cellent woodcuts ; and the successive parts will

embrace every head of subject belonging to the

miner's art, so far as the entering the ground, se-

curing it, and keeping the shafts, &c, level water
and foul air free, are concerned. It excludes, as

belonging to metallurgy proper, the treatment of

the material, of whatever sort, extracted by means
of the excavations made.

—

Practical Mechanics'

Journal.

The Manufacturer and Builder. May, 1S69 :

New York. Western & Co., 37 Park row.

This monthly journal contains 78 columns of in-

teresting; matter and numerous engravings for 15
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cents—a marvelously cheap technical publication.

The articles in the May issue for instance, are 60 in

number, 10 of which are illustrated ; the following are

of special interest: The Telephone, Boiler Explo-
sions, Beton building, Hydraulic Mortar, Hydroge-
niura, Magenta (analine color), Church Architecture,
Interior Decoration. A journal giving so much in-

formation at such a price, deserves success.

Woodward's National Architect ; containing

1,000 original Designs. Plans and Details to

Working Scale, for the Practical Construction of
Dwelling Houses for the Country, Suburb and Vil-
lage. With full and complete sets of specifications

and an estimate of the cost of each design. By
George E. Woodward, Architect, Author of
" Woodward's Country Homes," " Woodward's
Cottages and Farm-houses,

1
' etc., etc., and Edward

G.Thompson, Architect. New York: George E.
Woodward, 191 Broadway.

High rents and close quarters are driving the in-

habitants of cities like New York into the country
with unprecedented rapidity, and, thanks to our
railroads, it is now nearly as easy to live twenty
miles out of town as to live in the upper part of the
city. The loss of time is about as great in the one
case as in the other, while the advantages of a real

country residence are so great, especially to children,

that no sensible man will stay in the city if he can
possibly make his escape. To those who contem-
plate taking a part in this exodus the work we have
just recited will prove invaluable. It is filled with
chaste designs for conveniently arranged dwellings.

The plan of the work embraces designs for houses
of moderate valuations, estimated at New York
prices as a basis, with such detail prices as will

enable one to ascertain the cost, in his own locality,

by comparison with the difterent rates of prices that

always exist in different sections of the country.

—

The forms of specifications given are such that

they may be adapted to any of the designs, so that

full and final estimates can be obtained from local

builders. To builders and architects residing in

the country this work must prove invaluable.

—

Manufacturer and Builder.

Z
ell's Popular Encyclopedia and Universal
Dictionary. Philadelphia : T. Ellwood Zell.

Part XI. 1869.

It is not many years since a comparatively small

cyclopedia sufficed to contain exhaustive articles on
almost every branch of human knowledge. How
has all this changed ! Some of our modern cyclo-

pedias which deal with a single science contain as

much matter as the first edition of the " Encyclope-
dia Britannica." At the same time, the tendency
is toward condensation ; and in the popular ency-
clopedias of to-day, we find dismissed in a single

line a subject which a few years ago would have
been expanded into a page. This holds particularly

in relation to the well-known and deservedly popu-
lar cyclopedia published by the Messrs. Chambers,
of Edinburgh. The same feature is prominent in

the cyclopedia before us. In short, it combines the

characters proper to both a cyclopedia and a dic-

tionary. Thus we find not only such nouns as am-
bition, ambler, ambling, but adjectives like ambi-
tious and adverbs like amblingly. On the other
hand, such articles as ammonia are extended far

beyond the limits of a mere definition, and present
all the really valuable facts that are of interest to

popular readers. We see that the editor has wisely
avoided the futile attempt to supply the wants of
professional men, who must, in all cases, rely cither

upon their own knowledge, or upon the assistance

of purely technical works. We refer to such sub-
jects as alcoholometry, alkalimetry, etc. In most
popular cyclopedias, these purely technical depart-
ments of the chemist's art are either treated at an
unreasonable length oi described so superficially as
to lead to error. The editor of " Zell's Cyclopedia "

has avoided both these dilemmas. The publishers
engage that the cost of the work, when completed,
shall not exceed $25, and we know of no means of
procuring the same amount of valuable information
at such an easy rate.

—

Manufacturer and Builder.

Smoking Fires, their Cause and Cure. By
O the Rev. Alexander Colvin Ainslie, M.A.,
Vicar of Corfe, Somerset. For sale by Van Nos-
trand.

" Where there is smoke there is fire," says the
adage, but where there is smoke there is too often

no light—to point out its cause or remedy—if the
smoke be that of a house chimney. The puffing

back, or even in some cases streaming back of

smoke into a room, can be avoided or cured, and
ought never to happen, though the fact is that

I there is scarcely a building even of the first class in

I

which some of the chimneys do not smoke. That it

is due in great part to the practical ignorance of

first principles on the part of architects and house-
builders, and to the carelessness of both to almost
everything but to getting " the job done and paid
for," is certain.

Parson Ainslie has written by far the best treatise

on the subject that has been produced. " The
ascent of heated air and smoke is governed by cer-

tain known laws," he says in his introduction;
" and the object of the following pages is to explain

those laws as concisely as possible, and to point out

the causes which most commonly modify or inter-

fere with their action, and produce results appa-
rently contradicting scientific theory." He does so

in a brief and lucid manner, and then applies these

laws to nearly all the examples of smoky chimneys
occurriugor likely to occur in practice, and deduces
rules for guidance that even the least philosophical

of bricklayers can scarce fail to comprehend and
readily be guided by.

—

Practical Mechanics' Journ.

A nnual of Scientific Discovery, etc., for
ii- 1869. Edited by Samuel Kneeland, A. M.,
M.D., etc. 12mo, pp. 377. Boston: 1869. Gould
& Lincoln.

This old acquaintance is always an agreeable re-

minder of its predecessors of former years, as well

as of numerous discoveries, facts and principles in

various departments with which we are, as fellow

laborers in the great field, more or less familiar, but
which it is always pleasant to find marshaled in an
orderly and compact manner, under their appropri-

ate heads. Every such review of the year must of

necessity be imperfect and unequal as an exposition

of all that has been done, but even a cursory glance

at Dr. Kneeland's Annual will show any fair-mind-

ed reader the vast variety of topics which now en-

gage the attention of scientists, and the pains-taking

care with which the editor has endeavored to pre-

sent the most important results. The notes by the

editor, forming an introduction to the volume, give

an interesting summary of the progress of science

for 1868.

—

American Journ.al of Science and Art.
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Modern Screw Propulsion. By N. P. Burgh,
engineer. London: E. and F. N. Spon, 48

Charing Cross. For sale by D. Van Nostrand, 23
Murray street, New York.
Mr. Burgh's treatise on screw propulsion, which

was to have been completed in fifteen parts, has
been extended to sixteen. This extension has been
decided upon in order that the work may embody
some very recent important matter on screw pro-
pellers, which has been exclusively given to the
author by our leading marine engineers. The author
has thus exercised a wise discretion in thus extend-
ing his work, and to which none of his readers will

object. Parts XIII, XIV and XV of this treatise
are now before us ; they are chapters on a new
principle of the screw propeller, by Mr. Arthur
Kigg, who has made some very interesting experi-
ments with the screw, the results of which he here
embodies. Mr. W. Langdon supplies a chapter on
thrust blocks, and Mr. Burgh follows with another
on the same subject. In Chapter XX, Mr. Burgh
reviews comparatively the whole family of modern
screw propellers as constructed by our principal
marine engineers. In the succeeding chapter, Mr.
Burgh gathers into a focus the opinions and ideas
of all the engineers who have contributed to his
treatise. In this chapter, the last page of Part XV
finds us. The illustrations of these three numbers
consist of lifting frames for the screw propeller,

the feathering screw of the ''Aurora,'-' and the
details of the methods of screw propulsion adopted
in various other vessels.

—

Mechanic's Magazine.

The Painter, Gilder and Varnisher's Com-
panion. Thirteenth edition, revised, with an

Appendix. Philadelphia : Henry Carey Baird
;

New York: S. R. Wells, 389 Broadway.
This book contains rules and regulations in every-

thing relating to the arts of painting, gilding, var-
nishing, glass-staining, graining, marbling, sign-

writing, gilding on glass, and coach painting and
varnishing. It also gives tests for the detection of

adulterations in oils and colors, and a statement of
the diseases to which painters are peculiarly liable,

with remedies. It is several years since the first

edition of the book was published, and as new
editions have been gotten up, additions have been
made to bring the work up to the time. The ap-
pendix added to the present edition comprises
descriptions of a great variety of additional pig-

ments, their qualities and uses, with additional in-

formation on dryers, and also contains an explana-
tion of Chevreul's principles of harmony and con-

trast of colors.

—

American JLrtizan.

Treatise on the Power of Water. By
Joseph Glynn, F. R. S. D. Van Nostrand:

New York, 1869.

(Second Notice.) We have had occasion, since

receiving this book, to study the literature of water
power, professionally and commercially. This fact,

together with the corresponding fact that our diffi-

culties have been solved by reference to this book,
prompts us to acknowledge its merits in a more de-
cisive form.

There are rules, in the professional pocket books,
for measuring the flow of water, but it has been re-

served for people who sell water, or pay for it, to

observe a notable variation in the results of position
and shape of orifices through which water is dis-

charged. If all the information extant is not em-

bodied in the work under consideration, there is

enough to solve all ordinary cases.

In addition to the usual historical notice and to
the wonted tribute to the power and functions of
water, this book contains much interesting informa-
tion upon the sources of water supply and upon
water wheels. It is quite well illustrated and the
subject appears to have been very carefully and ex-
haustively investigated by the author.

The American Exchange and Review.—

A

miscellany of useful knowledge and general
literature. Especially devoted to Finance, Mining
and Metallurgy, Insurance, Railways and Trans-
portation, Manufactures, Patents, Trade, Commerce,
Art, Joint Stock Corporation Interests, Physics,
Social and Economic Science. Fowler & Moon, 521
Chestnut street, Philadelphia.

This is a monthly of considerable value to students
in the subjects mentioned above, and of no little

interest to the general reader. It is a sort of con-
necting link between our literary and scientific

serials. The department of mining and metallurgy
is conducted by Prof. H. S. Osborn of Lafayette
college, and is specially complete and interesting.

A Sapper's Manual, for Engineer Volun-
teer Corps. By Captain Frankland, R. E.

Published under War Office authority.

Hints on House Defence and Blockhouses.
By Captain Young, 18th Royal Irish. Well-

ington, New Zealand : Lyon.

MISCELLANEOUS.
Silver Plating— Old and New Processes.—

The following is compiled from the Birming-
ham correspondence of " The Engineer." The
old-fashioned process was this :

An ^ingot of copper, ordinarily weighing about
nine pounds, and which had an alloy of brass of
one-fifth its weight, was first planed and then filed

to a perfectly level surface on both sides; the ingot

of silver, containing about 3 per cent of alloy, was
rolled to the required thickness for the ditferent

qualities of metal to be plated. This was cut into

suitable lengths, the weight of the piece of silver

varying according to the quality, the lowest being
about 16 dwts. for the 9 lbs. of copper for one side

only, and increasing to 6 oz or 8 oz. The piece of
silver was about g in. less than the surface of the

copper. It was scraped quite clean on the side

next to the copper, great care being necessary
that every imperfection should be removed; the

two bright surfaces were then laid together and
"bedded," by placing a heavy piece of iron on the

silver, and striking it with a sledge-hammer till

every part of the two surfaces touched. A strong

piece of sheet copper was then laid on the silver, to

keep it from rising during the process, and also to

prevent the wires, which were used to bind the two
pieces together from cutting the outer parts of the

silver plate. A solution of borax was then laid

round the edges of the silver to act as a flux. The
ingot thus prepared was then heated in a small fur-

nace until a bright line round the edges of the

silver indicated that the union was effected. The
ingot was then carefully removed from the fire and
cooled gradually. When cold, the wires were cut,

the copper plate taken away, the edges carefully
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filed, and the plated ingot was then ready for the

roller.

In the year 1840 the plated ware trade under-

went a complete revolution. The process just de-

scribed was superseded by an invention of Messrs.

Elkington. now so well known as electro-plating,

by which silver is deposited with accuracy and
certainty by the aid of galvanism. This process is

essentially dependent upon the original discovery of

Volta, the alchemist, in 1799, on which various

inventions had been subsequently based. Messrs.

Elkington were, however, the first to apply the

process successfully to the purposes of practical in-

dustry, and their enterprise in this direction took
the old-fashioned platers by storm. The opposition

they encountered was immense.
The process of plating at Messrs. Elkington's

factory is thus described : The article having been
thoroughly cieansed, it is plunged first of all into a

solution of cyanide of mercury to prevent any
oxidation, as well as to secure a perfect adhesion

in the plating. It is then transferred to the plating

vat, which is divided by plates of silver into regular

compartments, the articles being suspended on brass

rods with copper wire, and so arranged as to expose

an equal amount of surface in each compartment to

receive the deposit of silver. The operation of

plating is so nicely regulated that the rate at which
the silver is being deposited is correctly known,
and the large amount of 24 oz. per hour is de-

posited, perfectly smooth and extremely hard.

This, with the thickness of silver, accounts for the

great durability of the articles manufactured by
Messrs. Elkington. There are several large vats in

use, so that some idea may be formed of the large

amount of silver deposited in one day. When the

article has been in the vat a sufficient length of

time it is taken out, rinsed in cold water, and
dried. After that it is carefully weighed, and the

exact amount of silver on the article is at once seen

and registered. In addition to the ordinary bat-

teries used in plating, a very large magneto-electric

machine is in constant work.

Asbestos Paper and Cloth.—The Florence
correspondent of the New York " Times

"

(Mar. 27) gives a long' account of this new manu-
facture. Crude asbestos resembles bleached hemp,
with long, shining fibres, which may be twisted into

threads and woven into cloth, or converted into

pulp and made into papei . Asbestos is plentiful in

various parts of Italy, and the new processes of

treatment have been introduced there. The an-

cients, however, used asbestos cloth for embalming,
and specimens of it are found at Pompeii. The
great value of paper made from this substance is

its indestructibleness, either by fire or by decay.

Heat of the Stars.—Mr. Huggins has been
making experiments with the view of ascertain-

ing the heat of the stars. He employed a thermo-
pile, the face of which was placed in the focus of a

telescope. The pile was connected with a galvano-

meter. The following results were obtained : The
mean of a number of observations of Sirius, which
did not differ greatly from each other, gives a de-
flection of the needle of 2°. The observations of

Pollux 1^°. No effect was produced on the needle
hy Castor. In one observation Arcturus deflected

the needle 3° in 15 minutes. Regulus gave a de-
flection of 3°. The observations of the full moon

were not accordant. On one night a sensible effect

was shown by the needle, but at another time the
indications of heat were excessively small, and not
sufficiently uniform to be trustworthy. It should
be observed that several times anomalous indica-

tions were observed, which were not traced to the
disturbing cause. The results are not strictly com-
parable, as it is not certain that the sensitiveness of
the galvanometer was exactly the same in all the
observations; still it was probably not greatly dif-

ferent.

Magnesite or sepiolite, better known as "meer-
schaum," is found in masses in stratified allu-

vial deposits among serpentine. It is a product of
the decomposition of carbonate of magnesia, its

composition is silica 60.8. magnesia 27.1, water
12.1 in 100 parts. Meerschaum is found in Asia
Minor in the plains of Eskii-Sher or Eski-Schehir, in

Greece, at Egribos in the island of Negropont, in

the isle of Samos, at Kiltschik in Natolia, in the
Crimea, at Hrubschitz in Moravia, in Morocco, at

Vallecas in Spain (where it is used as a building

stone), at Baldissero in Piedmont, in Cornwall, in

France (in the departments of the Gard, of Seine et

Marne, and of the Seine) ; but the most remarkable
quarries woiked at present are situated at Brussa,
at the foot of Mount Olympus. When first dug up
it is damp, soft and greasy. The Tartars use it as

soap to wash linen, and the Arabs of Algeria in the
manner in the Moorish baths. In masses it floats

on water. The color is grayish-white, white, or

with a faint yellowish or reddish tinge.

Coal Ashes as a Fertilizer.—A series of ex-
periments conducted at the Museum of Natural

History, Paris, during the past year, by Professor
Naudin, on the value of coal ashes as a fertilizer,

has resulted in the conclusion tfiat they are neither

a manure nor even earth of the most infertile quali-

ty. An opinion to this effect has prevailed in this

country pretty generally, but it is certain that upon
heavy clays, they act as a disintegrator if nothing
else. This effect is not, we are convinced, merely
mechanical, as a very small amount of coal ashes is

sufficient to destroy the adhesiveness of a large

amount of clay. At least this was the case in a re-

cent experiment of our own, tried in accordance
with the advice of one of the most accomplished
florists in New York State. By the application

of sifted coal ashes with a very small proportion of

well rotted horse manure, we were able to make a
thrifty flower garden the first season, upon one of

the stiffest soils it has ever been our lot to own.

—

Scientific American.

Mr. Andrew Shanks, inventor of the double
slotting drill, and designer, and maker of much

heavy and ingenious machinery, well known in Eng-
land, died recently at Hastings. " Engineering "

says, and we can certainly indorse the following

:

"His universal readiness to assist in carrying out im-
provements, or afford information on engineering

subjects, are too well known to all who ever had oc-

casion to apply to him, and his death, with such a

vast amount of unrecorded practical information,

must be regarded as a serious loss."

Boiler Explosions.— During the past seven

months there have been in the United States

sixty-one boiler explosions, the great majority of

them involving loss of life.
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REFORMED SCHOOLS.

Now that co]lege students can rival the

ignoble crowd with bat and oars, university

culture may be safely advanced another

stage, looking to the day when the collegian

shall compete with the outsider in other

practical branches of knowledge. We de-

precate the modern, almighty dollar theory

of an exclusively "business" education;

we would not substitute the most polished

scholarship in discount and bookkeeping for

the grand old university literature, classical

and polite.

The old idea that classical knowledge is

an aim and end of education, was, perhaps,

more nearly correct than the later idea that

classical culture is the only suitable and
proper means of working and developing

the mind. In this utilitarian age of specu-

lation and greed, of sensational literature,

sharp practice and vulgar show, the greatest

amount of old fashioned scholarly culture

that we can force upon our young men and wo-
men will hardly neutralize the leveling ten-

dencies of the times.

But while our schools should not ignore

polite culture, they certainly should not

neglect practical education. Under the

theory that the mind is a machine to be

developed, or a power to be disciplined,

rather than a storehouse to be filled, are we
not overlooking the advantages of positive,

technical knowledge ? Our new school pro-

fessors indeed proceed upon the theory that

the mind can be as well disciplined by prac-

tical as by classical studies. But are modern
studies practical ? Are the greater number
of modern English text books really more

Vol. I—No. 8.-45.

available to the graduate who has a living

and a name to win, than the old Latin ones?

There must be one-idea scholars in every

branch of knowledge, but are the sublimated

mathematics of our " practical " schools

either a better universal digester or a better

universal resource than Greek roots ? If

not, then the old fashioned studies have

equal advantages in the matter of culture,

and the additional dignity of age and scholar-

ly association.

We believe that a comparison of the

knowledge wanted in the practical world,

with the knowledge furnished in the practi-

cal schools, will convince the candid inquirer,

1st. that the course of study is not always

well selected ; and 2d—and of this we wish

particularly to speak—that the books, lec-

tures, references and prescriptions in the

departments of learning that purport to be

practical and of immediate and every day
value, are incomplete and inadequate.

Imme liately upon his graduation, in what-

ever direction his tastes, ambition or neces-

sities may lead him, the young man encoun-

ters the business formulce of commerce and
production, of which he is ignorant. He
may be versed in the elements of political

economy, mathematics and chemistry, but

he has still to master the rules and forms of

practice. He may know the principles of

communication with the world, but he has

yet to learn the dialects and idioms of busi-

ness. Mere muscular Training is not more
essential to success in athletic sports than

mere mental Culture to the triumphs of

mind ; but Skill plucks the laurels from their

brows on the world's playground as well as

in the world's workshop. The Latin salu-
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tatorian and the Greek versifier of the ancient

university, are not much greener than the

graduates of "practical " schools when they

come to grapple with the first year's work
in a business office. This state of things is

unnecessary and wrong in every regard.

Stndy is not less a mental tonic because it

fits a man to keep books, to write business

papers and to buy or make good machinery.

And the notorious greenness of graduates in

practical affairs, deters many young men
from commencing with a theoretical educa-

tion. It is a grave question in many minds

whether skill and training in the arts of life

should not precede and lead up to a knowl-

edge of the sciences.

The argument against the dead languages

as a means of mental training, when the

world is full of live subjects equally difficult

to master, is just as valid against practical

subjects when taught in an unpractical man-

ner. A man may study mathematics all his

life and not be able to earn his bread in a

merchant's office or an engineer's drawing

room. He may even master all the text

books in mechanics and not be able to con-

struct an economical steam engine. We are

deceived by the names and cheated of the

substance of practical learning. Our uni-

versities may well copy the course of train-

ing in our commercial colleges and our fore-

most technical schools, and so adorn a scholar-

ship that will pay, with the graces ofpolite and

classical culture. At least let us not aban-

don the studies that not only disciple the mind
but liberalize the sentiments and refine the

social and intellectual relations of life, until

we are prepared to substitute studies that

really teach men how to live and thrive

—

studies that directly and immediately ad-

vance the battle of mind against matter

—

studies that are practical in substance as

well as in name.

Black Lead, which has only been used

as a lubricator for wooden machinery,

and for wood piston packing, is now applied

by M. Deloris, in France, to every kind of

machine, from the heaviest vehicles to the

most delicate watch-work, so dispensing

with the use of oils and grease of all kinds.

If plumbago can be successfully applied to

railway carriages, a great saving to the com-
panies will be effected. It is said to be used

with many vehicles in Paris, and in ma-
chinery at several factories, and seems to

give satisfaction.

PAPERS ON CONSTRUCTION.

No. IV.

IRON ROOFS.

By Lieut. C. E. Dtjtton.

(Continued from page 5S3.)

A roof owes its stability to a series of

similar frames called trusses. The most
common form of roof-truss is an isosceles

triangle, of which the two equal sides sup-

porting the roof covering are called principal

rafters. The rafters are subject to com-
pressive and transverse stress, and are con-

structed accordingly. The third side is

subject only to tensile stress, and is called

the tie-rod, or tie-beam, and, in the case of

an iron roof, consists of one or more rods of

round iron. The stresses which this truss

is required to withstand are, 1st, those aris-

ing from the weight of the entire roof struc-

ture, and 2d, those caused by the weather,

viz : wind and snow. For the resistance to

these forces the rafter may be treated as an

inclined beam supported at each end, and,

if desirable, at intermediate points, the

lower end abutting against the extremity of

the tie-rod, and the upper end against the

upper end of the opposing rafter.

The rafters are made either of common
rolled "f iron, or of two pieces of L> or

angle-iron, riveted in such a manner that

they form a f. The flange is placed up-

wards for several reasons, that being the

position of gratest strength in a beam of

that particular cross-section, besides being

most convenient for the attachment of pur-

lins, braces and struts. The tie-rod has a

jaw at each end, which receives the web of

the rafter to which it is pinned.

In roofs of great span, in order to give

the rafter the requisite rigidity, secondary

trussing must be resorted to. But in such

a case the general principle of the truss is

in no respect changed, the variations being

merely those of detail and supplementary.

The two rafters and the tie-rod still remain,

but with the addition of new parts for carry-

ing out the same general design. To secure

proper stiffness the rafter is supported in

the middle by a strut, which thrusts against

a point held in stable equilibrium by two or

more forces, whose resultant is equal and

opposite to the thrust. Fig. I is a com-

pound truss of the commonest form. The
junction of each part will readily suggest

itself upon a simple inspection of the dia-

gram.
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Assuming that in a roof of given length,

measured along the ridge, the rafters are

placed at equal distances apart, the weight

of superstructure to be sustained by each

will be equal to the weight of material

between any two consecutive rafters. To
this must be added the weight of the rafter

itself, with its appurtenances, and a suitable

calculation should be made of the maximum
amount of snow which may accumulate upon
it, and of the force of the wind. Of these

the weight of the rafter is an unknown
quantity. The others may be readily de-

termined after the pitch, or slope of the roof,

is decided upon.

To determine, the stress wpon the various

parts.—Let W represent the weight of a

section of the roof between two consecutive

principles. Each rafter will then support

one half this weight. The mutual support

afforded at the apex is transmitted to the

walls at B and C, so that each wall sustains

one-half the load. Although the load is

uniformly distributed, we may consider it as

concentrated at A with a vertical resultant

= \ W. This resultant may be resolved

into two components acting along the rafters

A B and A C with forces = \ {\ W cosec 0),

in which expression represents the angle

of the slope of the roof. Since cosec. =
-— we may put the expression for the

W
thrust into the following form: t — \ — -r

This thrust is opposed by two forces, one of

which is the upward resistance of the wall

;

the other, the pull of the tension rod. Hence
we may divide it into two components,

r' and r.

= t sin

sin.

In the equation 7' \ W, only half the

E C

weight is actually considered, viz : that por-

tion which is directly supported at the apex
and transmitted by the thrust of the rafters

to the top of the wall. But each wall sup-

ports directly \ W, which, added to the

quantity obtained, makes \ W, which repre-

sents the entire supporting force of each
wall.

The stresses sustained by the minor com-
ponent parts of a compound truss must be
determined separately, and for this purpose

we must ascertain the distribution of the

load over the points B, Z, g, h, A. Since

2 W is equally distributed over each rafter

we may consider ~Bl,lg,g h, h A, as so many
separate, uniformly loaded beams, resting

upon their respective points of support, with

stresses equal to ^g W at each end, so that

the direct stresses as thus considered are, at

A and B T'^ W each, and at 7, g, h, ^W each.

But the stresses at I and h are transmitted

through the struts 1 1', h h' to their respective

suspending rods (braces), and by the braces

to the points B, g, A. A simple inspection

of the diagram will show that the resultant

of the pulls along g h' and g I' will be equal

to £ W along g D. This stress, added to

the direct stress at g, gives \ W for the total

stress at that point. The tension along g h'

and A h', g I' and B /' is, in each case, ^W — cos. 0. By the same reasoning it
sin. r J &

will appear that the tension along B D and
W

D A must be A — - cos. 0. It has already
s sin. J

been shown that the tension along B C, due
to the primary thrust of the abutting rafters,

W
, 0. Hence the pull along

(\ -f- h+ tV); the pu11 along

(i ~f~ g)' an(^ tne Pu^ a^ 0I1g
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It is apparent that the braces produce a

compressive stress in the rafter in addition

to the direct thrust caused by the weight of

the opposing rafter. A g D and 13 g D
may be considered as triangles of forces in

equilibrium. By taking one-half the weight

imposed upon the strut g D ^ W, we have

at once the means of determining the forces

acting upon the other sides of each triangle.

It has already been shown that the pulls

W
along; A D and B D are A — -r, and the& 8 tan. <p

compression of the rafter due to these two
W W

pulls must be A — t cos. = I —

—

-rr ° tan.
(f>

t a gin> (^

In the same way it may be shown that the

compression produced by the braces A h'

W
and g h' g I' and B /' is TV —-—— . Hence

° '° lb sin.
(f>

the total compression is

W
P =

sin. & ~T 5 + tV)-

The pressures upon the struts g D and

I I
1 are respectively | W and T\ W.
Many trusses are constructed with the tie-

rod raised above the horizontal, as in Fig. II.

the tension on the rod D E will always vary
inversely, as its perpendicular distance from
A, i. e. tension on B C : tension on BE::
A b'\ A b. The tension on the braces may
be formed as before.

An excellent method of trussing, and one
very extensively employed in England for

moderate spans, is shown in Fig. III. It is

known as the king and queen post truss,

a a', b b', c c', &c, are struts, and a b\ b c
1

,

c d\ &c, are suspension rods, and their

arrangement is such that B d' c, B c' b,

B V a, &c, may be considered as braces

holding each its own strut. Assuming, as

in the first example, that B d, dc, c b, &c,
are separate beams, each supported at its

extremities, then (assuming also that there

are four secondary trusses), the distribution

of the load is as follows : ^ the weight of

the rafter, or T\) W, rests directly on each
of the points a, b, c, d, and ^ Won A a B.
By means of the braces and strut3 one-half

the weight at d is transmitted to c, f the

weight at c to b, | the weight at b to a, and

f the weight at a to A. If we resolve the

thrust along any one one of the struts, for

B p d>

"We have ascertained

d

that the tension

W
on a rod from B to C would be t= %4 tan. (p.

An inspection of the diagram will show that

/'

instance b b', into the two components which
withstand it, viz : V & and c' b, the former
will represent the additional pull on the tie

rod, and the latter the pull on the queen-
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post a V caused by the stress at b'. Treat-

ing the stresses at the other points in the

same manner, we shall find that they all

give rise to equal additional pulls on the

tie-rod. But the pull on the tie-rod pro-

W
dueed by the strut d d' is g-

1
^. ^^

—

-
L . Hence

the tensions on the tie-rod are

W
Between a' b' =

tan. 0'

b' c' =

d' =

tan.

W
tan.

W

(1 + sV).

Cl + A).

d' B

(1 +M
(I + A).

tan.

W
tan.

and the tensions on the queen-posts are,

on c d' = TV W
4c' = ^ W
ab>=\ W
Aa'

: =J W.
The king post A a', it will be observed, re

ceives the stresses from two struts

—

a a' , e a'

The few illustrations we have given con

tain the main principles involved in the op>

eration of. forces upon the frame work of

triangular roofs of moderate size. The va-

riations of detail may be almost infinite, and

they are sometimes very complicated, but

are easily reducible to simple thrusts and
pulls, and to parallelograms of forces.

In iron roofs the trusses described are

made to serve the purposes of both principal

and common rafters. The distances between

them may vary, according to circumstances,

from 3 ft. to 30 ft. In the latter case, and
in all cases where a considerable interval

between rafters is desirable, the purlins must
be trussed. The foot of the rafter may be

received into a cast-iron saddle bolted to

the wall plate, and the main tie-rod may be

jawed and riveted to the web of the rafter,

or may pierce the casting and be fastened

by a key or pin, or thread and nut. These
matters of minor detail are always highly

variable and are determined simply by con-

siderations of convenience. In this climate

and latitude, provision should be made for

varying the length of the main tie to adapt

it to the wide ranges of temperature, and
this is best accomplished by a swivel-nut in

the center.

The purlins are bars of iron, crossing the

rafters at right angles, and to them the roof

covering is directly attached. The most
suitable form is ordinarily a double flanged

bar or rail, of such a length that its ends
shall rest upon rafters.

The roof covering may be wood or iron.

In the former case it is shingled or tiled,

and in the latter corrugated iron is by far

the best material. Corrugated iron may be
obtained in sheets of any length not exceed-
ing 8 ft., and the length of the sheets should
be a multiple of the length of the rafter,

added to the proper allowance for overlaps.

Thus, a rafter 27 ft* long will require four

lengths of 7 ft., 4 in. being allowed for each
of the three overlaps. But the lateral

joints would present a difficulty if the plates

or sheets were of uniform length, since, in

that case, the intersection of a lateral and
terminal joint would involve the superposi-

tion of the corners of four sheets, which
must be avoided by breaking joints in alter-

ternate courses. Hence a certain propor-

tion of the sheets (easily determined by the

circumstances of the case) should be ordered
of extra length and an equal number of in-

ferior length. In the case supposed of a 27
ft. rafter, one 8 ft. and one 6 ft. plate should
be ordered for every six plates of 7 ft. The
junction at the ridge is best effected by a
cast-iron covering, sloping in both directions

for a few inches, and with its edges corruga-

ted to fit the surfaces of the plates, and
overlapping them a few inches. This cast-

ing should be made of the best iron in the

most accurate manner and of the least thick-

ness consistent with sound casting. Open-
ings for ventilators may be left in them if

desirable. The plates should be prepared,

before laying them, with a good coating of

mineral paint, in which oxide of iron is a
principal constituent.

We introduce a portion of an article by
Mr. J. J. Birckel, published in the London
" Artizan," upon the accidental stresses to

which a roof may be subjected. " Among
the accidental sources of pressure, wind and
snow form the most important items, be-

cause both may occur simultaneously. Ac-
cording to General Morin's observations,

snow may accumulate to the depth of 20
in., and as its weight is y^th that of water,

the pressure due to this element would be

about 11 lbs. per square ft. The same phi-

losopher, however, thinks that one-half this

amount will make ample provision. We
will keep on the safe side, and suppose it to

be 6 lbs. per square ft. Respecting the

wind, we subjoin a shout table of the pres-

sures produced at various speeds upon a

plane of resistance supposed to be at right

angles with the direction of the wind :
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Speed in ft.

per second.

Pressure
per sq. ft.

Speed in ft.

per second.

Pressure
per sq. ft.

ft. in.

10
13 9

26 3

35 7

0.2

0.6

1.5

2.8

ft. in.

46
65 7

131

4.7

9.6

38.4

General Morin, from whose work the above

data are quoted, thinks that a direct pres-

sure of 3 lbs. per square ft. is quite suffi-

cient to reckon upon ; but English engineers

differ from him on this point, and make al-

lowance for a pressure of 7 or 8 lbs. per ft."

[In this country, where tornadoes are not

unfrequent, this allowance should be still

greater, though the chief danger to be ap-

prehended from such disasters is the access

of the wind to the underside of the roof,

through windows and elsewhere.] " In the

following tables we give the items of perma-
nent pressure due to the covering, and to

the structure of the roof itself, which, added
to the items previously defined, will make
up the whole weight, which must form the

basis of calculation of the strength of the roof:

Nature of C OVERING.
Weight in lbs.

per sq. ft.

Common 1

Hollow til

13

16 to 18
8

Rolled co
o

2
2

-J

Asphalte H

Table of Weights of Princi oals and Purlins.

Distance

between
principals

Span.
Weight of

principal.

Weight of

purlins for

one bay.

Weight
per sq.ft.

of roof g.

ft. in. ft. in. lbs. lbs. lbs.

6 6 26 137 225 2.03

6 6 40 337 290 2.20
6 6 65 9 888 418 2.87

6 6 82 1,668 482 3.80
9 10 26 194 508 2.59

9 10 40 502 653 2.76
9 10 65 9 1,387 943 3.39

9 10 82 2,625 1,088 4.34
13 1 26 245 959 3.33

13 1 40 • 580 1,233 3.26
13 1 65 9 1,705 1,781 3.81

13 1 82 2,755 2,055 4.22

Mean weight per sq. ft. 3.22 lbs.

Observations.—These data are quoted from
Gen. Morin's work; principals supposed to be
trussed as per diagram No. 2; their weight has
been increased by the amount of one-fourth for de-
ficiency in rafters; angle of roof about 25°.

If, now, we sum up the pressures arising

from the various sources enumerated, we
shall find that the loads per square foot, for

different kinds of covering, are as follows:

Nature of Covering.

Common tiles

Hollow tiles

Slates

Rolled copper ,

Zinc
Galvanized sheet iron

Corrugated sheet iron

Asphalte

Weight in lbs.

per sq. ft.

33

29
28
23
22
22
221

27l

The load of 40 lbs. per sq. ft., which is

generally taken by English engineers as a

basis in the calculation of roofs, is by no
means exaggerated, though it may be quite

sufficient.

Aero-Steam Engines.—Some interest-

ing trials of Warsop's air and steam en-

gine have been for some time in progress at

Nottingham; and the report upon the results

has been made by a well-known and, in such

matters, very painstaking London engineer.

The engine, being started by steam in the

ordinary manner, a single-acting air pump,
worked from the crank-shaft, compresses air

to a little more than the boiler pressure, the

air thus passing through a long circuit of

straight and coiled pipe, which traverses the

exhaust pipe, makes several spiral coils in

the chimney, then descends at one side of

the firebox, exposed to the full fire, and
finally connects with a valve-box, through
which the air, more or less heated, enters

the boiler at the bottom of the water space.

So far as the experiments—carefully made
upon an imperfect engine, worked alternate-

ly with steam alone and with steam and
air—can be taken as establishing a principle,

they indicate a considerable economy—an
economy, however, beyond anything which,

as yet, is inferable from theory. Further

experiments upon a new and greately im-

proved engine on Warsop's system are ar-

ranged to take place very shortly, when the

results will be laid before our readers.

—

Engineering,
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REMARKABLE ENDURANCE OF
BESSEMER STEEL AXLES.

The following table gives in detail, the

tests of several steel axles, taken at random
from a number of axles made by the Penn-
sylvania Steel Company, out of their regular

product of Bessemer steel.

The first test shows, probably, the most
remarkable endurance on record, viz : bend-
ing backward and forward under a ton drop
falling forty-six times from a height of 16-|

feet, and twelve times from a height of 18
feet, the axle being reversed after each

blow, and the total deflection back and forth

being 163 inches.

Tests op Bessejcer Steel Axles made at the
Pennsylvania Steel Works, Baldwin, near Harris-
burgh, Pa., May, 1869.

[Weight of drop 2,000 lbs. V shaped wrought iron

tup. Bearings 3 feet apart on cast iron supports.]

%
I'

J He'ght
of

fall

9

10

11

12
13
14
15

1G

17
18
19

20

21

22

23

24
25
26

27
28
29

30

31

32

33
34
35

ft. in.

16 6

do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

DEFLECTION.—Inches.

Before
blow.

.00

3.44
.00

3.06
.00

2.88
.00

3.

.00

3.

.00

3.

.00

2.75
.00

3.

.00

3.19
.00

3.12
.00

3.12
.00

3.19
.25

3.12
1.

1.

1.5

I.

1.38
1.25
1.5
1.12
1.62
1.12

After
blow.

3.44
.00

3.06
.00

2.88
.00

3.

.00

3.

.00

3.

.00

2.75
.00

3.

.00

3.19
.00

3.12
.00

3.12
.00

3.19
.25

3.12
1.

1.

1.5

1.

1.38
1.25
1.5

1.12
1.62
1.12
1.5

Effect of

blow.

3.44
3.44
3.06
3.06
2.83
2.88
3.

3.

3.

3.

3.

3.

2.75
2.75
3.

3.

3.19
3.19
3.12
3.12
3.12
3.12
3.19
3.44
3.38
4.12
2.

2.5
2.5
2.38
2.62
2.75
2.62
2.75
2.75
2.62

Total.

3.44
6.88
9.94

13.

13.88
18.75
21.75
24.75
27.75
30.75
33.75
36.75
39.5
42.25
45.25
48.25
51.44
54.62
57.75
60.88
64.

67.12
,70.31
73.75
.77.12
T81.25
83.25
85.75
88.25
90.62
93.25
96.

98.62
101.38
104.12
106.75

* Turned \ over between 23d and 24th blows, as
axle was bent sidewise by 23d blow.

f Turned I over for gamo reason, between 25th and
26th blows.

He'ght
of

fall

ft. in.

16 6

do
do
do
do
do
do
do
do

18

do
do
do
do
do
do
do
do
do
do
do
do

16 6

do
do
do

do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
d6
do
do
do
do
do
do
do
do
do

DEFLECTION.—Inches.

Before
blow.

1.5
.88

1.62
.88

1.75
.88

1.75
.88

1.62
.75

1.62
1.

1.75
1.25
1.75
1.5
1.75
.88

1.75
88

1.75
1-

.00

2.88
.00

2.5
.00

2.5
.00

2.5
.00

2.5
.00

2.62
.00

2.75
.00

2.62
.00

2.75
.00

2.75
.00

2-75
.00

1.75
1.25
1.5

1.38
1.25
1.5
1.38
1.

1.5
1.5
1.25
1.62
1.12
1.5
1.25
1.5

After
blow.

1.62
.88

1.75
.88

1.75
.88

1.62
• 75

1.62
1.

1.75
1.25
1.75
1.5

1.75
.88

1.75
.88

1.75
1.

2.88
.00

2.5
.00

2.5
.00

2.5
.00

2.5
.00

2.62
.00

2.75
.00

2.62
.00

2.75
.00

2.75
.00

2.75
.00

1.75
1.25
1.5
1.38
1.25
1.5

1.38
1.

1.5
1.5
1.25
1.62
1.12
1.5

1.25
1.5

Effect of

blow.

2.38
2.5

2.5
2.62
2.62
262
2.62
2.5
2.38
2.38
2.62
2.75
3.

3.

3.25
3.25
2-62
2.62
2.62
2.62
2.75

broke.

2.88
2.88
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.62
2.62
2.75
2 75
2.62
2 62

2.75
2.75
2.75
2.75
2.75
2.75
1.75
3.

2.75
2.88
2.62
2.75
2.88
2.38
2.5
3.

2.75
2.88
2.75
2.62
2.75
2.75

broke.

Total.

109.12
111.62
114.12
116. 75
119.38
122.

124.88
127.12
129.5
131.88
134.5
137.25
140.25
143.25
146.5
149 75
152.33
155.

157.62
160.25
163.

2.88
5.75
8.25
10.75
13.25
15.75
18.25
20.75
23.25
25.75
28.38
31.

33.75
36.5
39.12
41.75
44.5
47.25
50.

52.75
55.5
58.25
60.

63.

?65.75
'68.62

71.25
74.

76.88
79.25
81.75

+84.75
+S7.5
90.38
93.12

§95.75
b
93.5

101.25

* A little crack about | in. X %-t& in. opened on
under side, about 1^ in. from point struck on top

side.

f This crack was struck and closed up.

j Same crack opened a little wider.

§ Crack keeps opening.
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DEFLECTION.—Inches.
He'ght

of

fall

ft. in

16 6

do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

Before
blow.

After
blow.

.00

2.

.00

2.

.38

1.75
.38

1.88
.5

1.75
.5

1.62
.5

1.75
.38

1.75
.38

1.62
.38

1.75
.5

1.62
.5

1.75
.38

1.62
.38

1.62
.38

1.75
.38

1.75
.5

1.75
.38

1.62
.38

1.75
.25

1.75
.5

1.62
.38

1.62
.5

1.75

.00

2.88
.00

2.5
.00

2.5
.00

2.5
.00

2.5
.00

2.5
.00

2.62
.00

2.56
.00

2.75
.00

2.75
.00

2.5
.00

2.62

2.

.00

2.

.38

1.75
.38

1.88
.5

1.75
.5

1.62
.5

1.75
.38

1.75
.38

1.62
.38

1.75
.5

1.62
.5

1.75
.38

1.62
.38

1.62
.38

1.75
.38

1.75
.5

2.88
.00

2.5
.00

2.5
. .00

2.5
.00

2.5
.00

2.5
.00

2.62
.00

2.56
.00

2.75
.00

2.75
.00

2.5
.00

2.62
.00

Effect of

blow.
Total.

2.

2.

2.

2.38
2.12
2.12
2.25
2.38
2.25
2.25
2.12
2.12
2.25
2.12
2.12
2.12
2.

2.

2.12
2.25
2.12
2.12
2.25
2.12
2.

2.

2.

2.

2.12
2.12
2.12
2.25
2.25
2.12
2.

2.

2.12
2.

2.

2.25
2.12
2.

2.

2.12
2.25
broke.

2.88
2.88
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.62
2.62
2.56
2.56
2.75
2.75
2.75
2.75
2.5
2.5
2.62
2.62

2.

4.

6.

8.38
10.5
12.62
14.88
17.25
19.5
21.25
23.88
26.

28.25
30.38
32.5
34.62
36.62
38.62
40.75
43.

45.12
47.25
49.5
51.62
53.62
55.62
57.62
59.62
61.75
63.88
66.

68.25
70.5
72.62
74.62
76.62
78.75
80.75
82.75
85.

87.12
89.12
91.12
93.25
95.5

2.88
5.75
8.25
10.75
13.25
15.75
18.25
20.75
23.25
26.75
28.25
30.75
33.38
36.

38.56
41.12
43.88
46.62
49.38
52.12
54.62
57.12
59.75
62.38

% He'ght
of

fall.

DEFLECTION.—Inches.

Before
blow.

27 do

ft. in.

16 6

do
do
do
do
do
do
do
do
do
do
do

do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

do
do
do
do
do

.00

2.75
.00

2.75
.00

2.88
.00

2.88
.00

2.88
.00

2.88

.00

2.88
.00

2.56
.00

2.5
.00

2.38
.00

2.25
.00

2.31
.00

2.5
.00

2.31
.00

2.5
.00

2.38
.00

2.5
.00

2.38
.00

2 38
.00

2.62
.00

2.62
.00

2.75

After
blow.

2.75
.00

2.75
.00

2.88
.00

2.88
.00

2.88
.00

2.88

2.88
.00

2.56
.00

2.5
.00

2.38
.00

2.25
.00

2.31
.00

2.5
.00

2.31
.00

2.5
.00

2.38
.00

2.5
.00

2.38
.00

2.38
.00

2.62
.00

2.62
.00

2.75

Effect of

blow.

2.75
2.75
2.75
2.75
2.88
2.88
2.88
2.88
2.88
2.88
2.88

broke.

2.88
2.88
2.56
2.56
2.5
2.5
2.38
2.38
2.25
2.25
2.31
2.31
2.5
2.5
2.31
2.31
2.5
2.5
2.38
2.38
2.5
2.5
2.38
2.38
2.38
2.38
2.62
2.62
2.62
2.62
2.75

broke.

NO CRACKS OR FLAWS.

1 do — .00 ^ 2.88 2.88 2.88
2 do ^ 2.88 — .00 2.S8 5.75
3 do _ .00 w 2.5 2.5 8.25
4 do ^ 2.5 — .00 2.5 10.75
5 do .00 ^ 2.62 2.62 13.38
6 do ^ 2.62 — .00 2.62 16.

7 do .00 ^ 2.62 2.62 18.62
8 do ^ 2.62 — .00 2.62 ,21.25
9 do .00 w 2.62 2.62 23.88

10 do ^ 2.62 — .00 2.62 26.5
11 do .00 w 2.75 2.75 29.25
12 do -n 2.75 — .00 2.75 32.

13 do _ .00 ^ 2.62 2.62 34.62
14 do <~> 2.62 — .00 2.62 37.25
15 do _ .00 v.' 2.62 2.62 39.88
16 do ^ 2.62 — .00 2-62 42.5

17 do — .00 ^ 2.5 2.5 45.

18 . do — 2.5 broke.

f

* Turned l-16tb over so as to hit squarely; tu.ned
back after next blow.

f At point where struck, 2 small longitudinal sur-
face cracks at under side, at time of last blow.
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THE FRENCH ATLANTIC CABLE.

From "The Engineer."

In another column will be found a summary
of a very interesting lecture by Mr. Fleem-
ing Jenkin, one of the electricians engaged in

the new Atlantic cable expedition, containing

much information about the method of lay-

ing the French cable. We are indebted to

Mr. Jenkin for the accompanying diagrams,

which show some of the essential points of

the appliances to be used to submerge the

cable. Fig. 1 is a section of the Great

brake. In this cut is the pivot of the

break-wheel, and C the pivot on which the

lever C, A, B works. W is the weight on the

brake. The brake-wheel is attached to the

paying-out drum. When the friction of the

brake strap is greater than the weight W, the

latter is lifted up, and as C, A, B is shorter

than 0, A, B, the change of angle relaxes the

brake strap, and lets the wheel slip. In this

way the strain on the cable never can exceed
that of the weight W. Fig. 3 shows Appold's

brake drum. In this cut C is the center on
which the lever hangs, to which the weight

Fig. 1.

Eastern, showing the tanks containing the

cable, and the position of the paying-out and

picking-up machinery; B is the bow-wheel

over which the cable is hauled in ; D the

dynamometer; P the picking-up wheel; and

F the fore-tank. The main tank is omitted;

P aft-tank ; E paying-out drum ; D the

dynamometer, and S the stern wheel, with

the cable running out into the ocean.

Figs. 2 and 3

represent t h e

most important

part of the pay-

ing-out machin-

ery, invented by
the late Mr. Ap-
pold. Fig. 2

shows the princi-

ple of Appold's

W is attached, and applies pressure to the

strap on the break wheel of the paying out
drum. To prevent the weight W from vi~
brating, there is a piston at P, fitting close-

ly into a cylinder containing water. T is a
capstan wheel for lifting up the weight W
when the paying-out machinery is entirely

released from the brake.

Fig. 4 shows the picking-up catenaries.

In the upper part of the cut, M represents

the grapnel at the surface of the water, show-
ing the catenary which would be formed by
a cable paid out with 14 per cent of slack

and lifted in a depth of 2,000 fathoms. In
the lower part of the cut, S represents the

Great Eastern, and B, M, two auxiliary ves-

sels simultaneously lifting the cable. M is

a sharp grapnel intended to cut the cable,

and so reduce the strain upon the cable at S.

Fig. 3.
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Fig. 5, representing the paying out of the

cable, shows the angle at which the cable

Jies behind the ship in paying out at four

knots per hour. E is the Great Eastern,

and A the point where the cable reaches the

bottom of the ocean, the practical depth of

the water being 2,000 fathoms.

The shore ends of the French-Atlantic

Fig. 5.

cable are very heavy, but taper as they

reach the deep sea portions. They have the

same core as the main cable, and at the end

furthest from the shore are each covered

with twelve BB galvanized iron wires, .238

in. in diameter, weighing not less than

11,160 lbs. per knot. The heavy shore end

next the lauding places is first covered with

twelve BB galvanized iron wires, nineteen

inches in diameter, served with a sufficient

quantity of tarred yarn to form a bedding

for twelve strands, each formed of three

galvanized iron wires .230 inches in diame-

ter, giving a total weight of iron per knot of

not less than 38,000 lbs. All the iron wire

is of the quality known as " best best," free

from inequalities, galvanized, annealed, and
capable of being bent round itself and un-

bent without breaking. There is no weld

or joint in any of the iron wires within

twelve feet of any other weld. The shore

ends are further covered, outside the iron

wires, with two coatings of mineral pitch

and silica, in the proportions of sixty and
forty parts respectively, with sufficient mine-
ral tar to give the requisite consistence, and
with two servings of tar hemp yarn, laid

alternately, the first coating of yarn
being next the wires, then a serving

of compound, then the yarn again,

and lastly compound. The com-
pound was applied hot and the yarn
was laid over immediately after-

wards. The yarn is everywhere
covered with the compound, so that

the outsides of the shore ends are

smooth and regular. There are 18
knots of the heaviest shore end,

and 127 knots of the lightest shore

end ; very little of this heavy cable

will be laid off the coast of France,

but a great deal off St. Pierre. At
each end of the deep sea cable there

will be a taper a quarter of a mile
SSi-i'£=" long, joining it to the shore ends.

The joints in the iron wires are made by
scarphing the ends, binding them with fine

wires and soldering them, each wire being
also served with the best Manilla or New
Zealand hemp steeped in tar. The conductor
consists of a strand of seven wires of an-

nealed copper, with an electrical resistance

per knot at a temperature of 75 deg. Fah.

of not more than 3.25 British Asso-

ciation units. The interstices of

the strand are completely filled up
^~ with Chatterton's compound. The

gutta percha insulator is put on
in four concentric layers of equal thick-

ness, with a layer of Chatterton's compound
between each layer of gutta percha. The
electrical resistance of the insulator at 75
deg. Fah. is not less than 250 millions of

British Association units after one minute's

electrification. The finished core is capable

of resisting the passage of water along the

conductor, when a pressure of 600 lbs. per

square inch is applied at one end of a speci-

men 6 in. long. Very great precautions

have been taken by the manufacturers to

prevent faulty joints, for it is at the joints

that electrical leakage is most likely to

occur. During all processes of manufac-
ture the cable was kept as much as possible

under water, and on board the Great Eastern

the cable tanks are kept nearly full of water,

so that the cable is completely covered.

The main cable from the island of St.

Pierre to the United States, is 700 miles

long, and will take a very indirect route, be-

cause of the inequalities and dangers pre-

sented by the bottom of the sea off the east-

ern coast of America. This cable being

shorter and more easily recoverable in case

of accident, is not of such good quality as
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contains a conducting strand of seven copper

wires, weighing 107 lbs. per knot, and the

insulator, of gutta-percha and Chatterton's

compound, weighs 150 lbs. per knot. This

core is served with tanned jute yarn, with a

covering of ten BB galvanized wires, .165

in. in diameter, weighing about 4,254 lbs. per

knot. It has an outer protection of hemp
and asphalte, laid on in two coatings. The

shore ends are of the same description as

those connected with the main Atlantic ca-

ble ; in all there are twenty-two knots of the

heaviest shore end, and fifty-four knots of

the lighter shore end to be used with the

main cable connecting St. Pierre with the

United States.

In accordance with the terms of the eon-

tract between the " Societe du Cable Trans-

atlantique Frangais, Limited," and the Tel-

egraph Construction and Maintenance Com-
pany, Limited, the latter will receive in all

£920,000 if they lay the whole line success-

fully, and it keeps in good working order

for six months. But the greater portion of

the above amount has already been paid to

them. The following are the particulars :

First payment £50,000
8,564 miles of cable at £164

per mile £584,496
On completion of manufacture, 504

585,000
Seven payments of £20,000 each, when
each length of 500 miles was coiled on
board 140,000

"When the ship leaves Brest 35,000

On completion of the section between
Brest and St Pierre (in fully paid

shares) 80,000
On completion of the section between St.

Pierre and the United States 10,000

Six months after the completion of the

whole (in fully paid shares) 20,000

£920,000

Directly the Great Eastern returns to

England she will take fresh cable on board

and start for India, to lay a line between

Bombay and Suez.

Steel Castings.'—Railway-wheels, an-

vil-dies, gearing, frogs, and many other

heavy parts are now cast by Butcher and
other steelmakers, at much less than the cost

of forgings, and with double the strength and
nearly the smoothness of the best iron cast-

ings. From our extended experience with

steel dies for steam hammers, and with steel

gearing, we are prepared to express the be-

lief that steel castings rank among the great

economies of the day.

THE SUBMERSION AND RECOVERY OF

SUBMARINE CABLES.

CONSTRUCTION OF THE FRENCH ATLANTIC
CABLE.

From a paper read before the Royal Institution, by
Professor Fleeming Jenkin, F. R. S.

The speaker began by stating that his ob-

ject was to explain the principles on which
engineers had acted in laying and recovering

submarine cables, rather than to exhibit the

details of the machinery employed. The
general construction of electrical cables was
first described, and specimens were shown;
especial attention being drawn to the deep
sea French Atlantic cable, consisting of the

following parts : A copper conductor, gutta-

percha insulator, and jute serving, surround-

ed by ten wires of homogeneous iron, each
served with five Manilla yarns saturated with

tar.

TABLE I.

Construction of French Atlantic Cable—
Deep Sea Section.

Lbs. weight Diameter Breaking'
per knot. in inches, strain, lb.

Copper 400 .168 644
Gutta-percha 400 .463

Serving 234 .669

Homo, wires (10) 1,589 .100 950
Manilla strands (50) .. . 1,091 550
Each served wire 268 .245 1,550
Cable 3,701 1.134 16,530
Weight of cable in air 1.652 tons per knot.

" ' water 753 "

Strength in tons 7g tons.

Table No. 1 gives the dimensions, weights

and strengths of each of the component
parts. The wire served with hemp will bear

a greater weight than the sum of the weights

borne separately by the wire and the strands;

and, again, the ten served wires, when form-

ed into a rope, bear a greater weight than

the sum of the weights which each will bear.

Moreover, while the homogeneous iron

elongates less than one per cent before

breaking, and the hemp elongates only .75

per cent, the two combined stretch 3 per

cent. This paradoxical result is due to

want of absolute uniformity in the strength

of each part ; when separate, each breaks

at the weakest point ; when combined, the

weakest points seldom coincide ; hence, the

strength of the combination is the sum of

the mean strengths of the parts, necessarily

greater than the sum of the minimum
strengths. The so-called spiral or helical

form does not really render the cable elastic

or liable to stretch, nor does it compress the

the one to be laid across the x\tlantic. It
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core inside the sheathing, as was shown by
an experiment where the core was actually

withdrawn without causing the collapse of

the sheathing.

The manner of coiling the cable on board

ship was explained by diagrams and models;

it being shown that, in order to avoid put-

ting a twist into the rope when taking it out

of the hold, it was necessary to put a twist

in when coiling it away. l>ad coiling pro-

duces kinks or loops drawn tight, which are

avoided by a cone filling the eye of the coil,

and by rings or equivalent arrangements

preventing the bight, as drawn out of the

hold, from lashing out under
a
the influence

of centrifugal force.

The following table gives the dimensions

and contents of the " Great Eastern" tanks

as arranged for the Atlantic expedition.

These tanks keep the cable under water on

board ship to facilitate the electrical tests.

They carry a weight of 5,000 tons in a bulk

of 180,000 c. ft., the tanks not being filled

quite to the top.

TABLE II.

Diameter. Depth. "Cable knots.

Fore tank 51ft. 6 in. 20 ft. 6 in. 728

Maintank 75 ft. in. 16 ft. 6 in. 1,100

After tank 58 ft. in. 26 ft. 6 in. 912

Notwithstanding their enormous weight

and size, these tanks occupy a very insig-

nificant proportion of the whole bulk of the

" Great Eastern."

Mr. C. W. Siemens has for light cables

employed a sort of reel or drum on a turn-

table, with partial success, instead of the

fixed tank and coil. From the tank the

cable, when paid out, passes over a pulley

and along a trough to the brake drum, the

object of which is to restrain the free exit

of the cable to such an extent as is desired.

The cable is laid hold of by being passed

several times round a drum, as a rope

making fast a vessel may be seen to be

passed round a bollard ; the friction allows

a slight strain at one end to prevent a very

heavy pull at the other end from causing the

rope to slip round the drum. The slight

pull at what may be called the light end of

the rope is given by a series of jockey pul-

leys which play the part of the hand when

the rope is allowed to slip round a bollard,

but, in paying out a cable the rope does not

slip round a drum ; the drum itself turns

round restrained by a friction-band or belt.

It is essential that this restraining fric-

tion should be constant—a result obtained

by the Appold brake, which was explained

by models and diagrams. In this arrange-
ment both ends of the brake strap are at-

tached to one lever, in such a manner that

when the drum begins to turn it tends to

lift the lever and weight hanging to it, and
as the lever is lifted it slackens the brake-

strap until the difference of tension on the

two ends of the strap is equal to the weight
hanging on the lever. When this is the

case, the lever is no longer lifted, but re-

mains stationary with the strap, allowing

the drum to turn, restrained by a constant

friction equal to the weight on the lever.

If the co-efficient of friction increases, the

lever will be a little more lifted and the

strap slackened ; if the co-efficient of fric-

tion diminishes, the lever and weight will

fall, tightening the strap ; but in any case

the retarding force will be simply equal to

the weight.

From the brake-drum the rope dips under
a weighted pulley, which rides, as it were,

suspended on a V of taut cable ; if the

strain increases, the rope straightens and
raises the pulley, if the strain diminishes,

the weight and pulley fall ; thus the height

of the pulley indicates the strain. This in-

strument is called the dynamometer. Last-

ly, the rupe passes over a pulley into the

sea.

Having shown how the cable was treated,

the speaker proceeded to show how the

strains to be expected could be calculated.

A cable paid out in air hangs in a catenarian

curve, but in water lies in a straight line,

and the strains in the two cases are wholly

different. In air the rope meets with no

sensible obstacle to its motion, either longi-

tudinally or in a direction perpendicular to

its own length ; in water, on the contrary,

each foot of a cable meets with an opposi-

tion to its motion perpendicular to its length,

which we may call Q, and for the Atlantic

cable

Q = .154 v\

where v is the velocity of the cable normally

to its own length in feet per second. Thus,

as the cable weighs .2575 lbs. per ft., it can-

not sink faster than the speed given by the

equation

.2575 = .154 v,
2

,

from which v
l5

the settling velocity, is

found to be 1.294 ft. per second, or .765

knot per hour. The result of this resist-

ance to displacement is that the cable lies

in a straight line, not in a catenary curve,

supported, as it were, by an inclined plane
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of water constantly yielding at the velocity

vr The inclination of the straight line

depends on the velocity of the ship and on

«j not being at all affected by the tension

of the rope.

The angle at which the cable will lie

may be calculated as follows : Let P be the

resistance of the water to displacement by
each foot of the cable of the weight a> when
lying at the angle 0,

P = <o cos.
;

let v
ir
be the velocity at which the cable

moves perpendicularly to itself,

0n = v sin. 0,

where v is the velocity of the ship.

Also P = G)-^V- ;

, , -d
2

d
2
sin.

2

hence, cos. = "
3
=

5
—-,

, v sm. 6 ., ,
and vi =—/ : . . 1 dec;.V cos. <p

fo

and, assuming that the resistance is propor-

tional to the square of the velocity, we have

o) — Q 7j
i

2
, and hence,

o) v"
2
sin.

2

-s- = -, or
(4 cos. <p

0) _ cos.

sm. <P

from which we have

,
\Zw 2 -f-4m2 — w oj

cos. 0= — L^ • . 2 deg.

where m=Qi) 1
.

From this formula, as indeed from com-

mon sense, it appears that the greater the

value of Q and of v the smaller the inclina-

tion with the horizon. The rough Atlantic

cable, when the ship was going at the speed

of six knots per hour, lay at an angle of 6|
deg., so that the inclined plane was seven-

teen miles long, and each foot of the cable

took nearly three hours to reach the bottom.

The strain T at the top of the inclined

plane, if there were no friction preventing

the rope from slipping back along the plane,

would be equal to the weight of a piece of

cable hanging plumb from the surface of the

water to the bottom, or

T=acc,
where w is the weight per foot run of the

cable and x is the depth in feet.

But there is a sensible friction which
helps to relieve the strain precisely as when
a chain is lying on a solid inclined plane

;

calling m
1

the co-efficient of friction in

pounds per foot length of cable at the velo-

city v in feet per second, and assuming that

m, = Qj v
2

, the experiment of the Atlantic

cable showed that Q a
= .00504 (this is equi-

valent to .81 cwt. per knot of cable when
slack is paid out at the rate of one knot per
hour). The result is, that when slack is

paid out, say at the rate of one knot per

hour, and when 0= 6.45 deg., the strain is

diminished by one-half, and if slack were
paid out at the rate of 1.4 knot per hour, or

23J per cent, this particular cable would
require no retarding force whatever.
The strain T

1(
when the velocity of the

cable is vlu , can be found from the follow-

ing formula :

T = o)x —
C^ll COS. 0]

1

sin.
.3 deg.

Cables of light specific gravity have a small

settling velocity and lie at great length in

the water, and, if they are also rough, the

co-efficient Q :
may easily be so great as to

relieve the brake of most of the strain which
would be necessai'y to lay a cable of equal

weight but small bulk and smoother surface,

with the same amount of slack. If no slack

were laid, there would be little difference

between the tension required for cables of

different construction but of equal weights

in water. When much slack is laid, all

cables will be considerably less strained

than if laid without slack ; and, finally, the

faster the ship goes the less slack is required

to produce any given amount of relief.

The correctness of the above theory has

been amply proved in practice. If in seas

2 miles deep the cable hung in a catenary

12| miles long, the weight to be carried

would be 8-3 tons, and the strain on the

cable 29 tons ; while, if the cable hung in

a catenary the inclination of which to the

horizon at the stern was 9 deg. 30 min., the

length would be 24 miles, the weight 17
tons, and the strain 102 tons instead of about

14 cwt.—the strain actually observed for the

Atlantic cable when being paid out at 7

knots per hour while the ship was going at

6 knots per hour. The rise and fall of the

ship, even in heavy weather, very slightly

affects the strain while paying out, on ac-

count of the slight inclination of the cable

to the horizon. The margin of strength in

deep sea cables of the Atlantic type is even

greater than is given in most engineering

works, since the cable will bear tenfold the

strain which is found necessary in laying.

The process of grappling was next de-
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scribed, and the operation illustrated, by
dragging a miniature grapnel over the floor,

so as to hook a chain lying there. When
the cable is hooked, the strains of the grap-

nel rope are simply the weights of the bight

lifted, and the length of this bight depends

on the slack. Thus, with 14 per cent of

slack, the length of the cable lifted will be

4.89 times the depth to which it is raised.

Thus, in two miles of water, about 9.8 miles

of cable will be lifted, the weight on the

grapnel will be 6.86 tons, but the strain on

the cable will be only one component of this

weight resolved in the direction of the tan-

gent to the curve at the grapnel ; this strain

will be 5.5 tons. Thus, it is clear, that in

calm weather, with 14 per cent slack, the

cable can be lifted from a depth of two miles.

This was actually done upon one occasion
;

but owing to the pitching of the ship the

cable parted, and we successfully recovered

by the obvious device of grappling the cable

in two points about 2| knots apart, and

breaking the cable at the point furthest from

land ; the loose end then hung down over

the other grapnel, and it is obvious that by

this plan the strain on any cable in any

depth can be limited to the simple weight

of a length of cable hanging from the sur-

face to the bottom. The Atlantic cables

will bear five times the strain due in this

manner to two miles of depth, and for this

operation the margin of strength is also

ample. The cable is hauled in by machinery

very similar to that adopted for paying out

;

the drum being simply turned in the oppo-

site direction by a steam engine, if only a

small length is to be picked up. If many
miles are required, the cable is transferred

to the bow, and hauled up by a double drum
to avoid the fleeting necessity on a single

drum. The friction on the water during the

operation adds to the strain ; thus, with the

valve of Qi previously found, at one mile

per hour, the friction per mile would be .81

cwt., adding in a depth of two miles 1.61

cwt. to the strain due to the simple weight

;

besides this, there is some resistance due to

the displacement of the water, by the bight

of the rope at the bottom, and some extra

weight due to the fact, that the cable hangs

in a catenary, not in a straight line. The
length of this catenary depends on the rate

at which this cable is hauled through the

water ; but even after allowing for all these

things the strength of the cable is from three

to four times greater than the strain which,

in fair weather, need come on the cable

when being picked up from a depth of two
miles—a margin of strength not unfrequently
adopted even in permanent engineering
works.

It was by calculations like these, that

before the 1865 cable had been recovered in

1866, the speaker was able to write in " The
Times," of August, 1865, " If the cable re-

tain its strength, as it probably will, it can
certainly be raised ;" and now that experi-

ence has confirmed theory, engineers are

justified in looking forward with great con-

fidence to the continued prosperity and ex-

tension of deep-sea telegraphy. The follow-

ing tables give some further information as

to the French Atlantic cable about to be
laid, which will cover fifty acres of ground,

being a narrow strip, 3,564 knots long, and
a little more than an inch wide.

TABLE III.

Lengths and Weights of Materials used in

French Atlantic Cable.

Knots. Tons.

Copper wire 24,9-48 533
Gutta-percha 3,564 549
Jute serving 500
Homo. wire..... 27,222 1,872
Iron wire 9,941 2,855
Total iron and homo, wires .... 37,163 4.727

Manilla strands 136,110 1^286

Clark's compound 881 652
Deep-sea cable 2,643 4.366
Shallow-water cable 921 3,881

Total cable 3,564 8,247

TABLE IV.

Lengths of Existing Cables.

Knots.
Atlantic (two) 3,748
Malta, Alexandria (two) 2,254
Persian Gulf 1,308
Home seas 1,277
Miscellaneous (approximate) 1,350

Total 9,937

The Mast Hope Disaster.—Nearly
every railway disaster can be traced to

bad or worn-out plant and machinery. But
after all the modern refinements of materials

and construction have been applied, there

come to us, about twice a year, the ghastly

details of a wholesale murder by the very

refinement of stupidity. A misplaced switch,

the absence of a signal behind a stopped

train, running into a drawbridge, and, sub-

limest of all, colliding with a train supposed

to be on a siding ; this is manslaughter, and
must be punished as such. No hidden de-

fects in materials or construction can ex-

cuse it.
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WHEEL-BASE OF RAILWAY VEHICLES-
SAFETY OF THE AMERICAN TRUCK.

Although the practice with our common
" spread " truck has been remarkably suc-

cessful, there appears to be something for

English engineers to say on the other side

of the question, for instance, the following,

from a correspondent of " The Engineer,"

with reference to an article on railway safety

which we have quoted from that journal on

another page.

The bogie is, in fact, a means of reducing

the wheel-base without reducing the length

of carriage-body; and the object of this re-

duction of wheel-base is to diminish that

obliquity of the axles which results from

their fixed parallelism. This obliquity, in

the case of a four-wheeled truck standing

centrally between the rails, is well known to

be directly proportional to the length of

wheel-base, and the conclusion appears to

have been jumped at that the shorter the

wheel-base the less the obliquity. But the

consideration seems to have been overlooked

that this obliquity is liable to an increase

from the turning of the truck about the

bogie-pin until the diagonally opposite

wheels touch the rails with their flanges,

and that the angle through which the truck

can thus turn is inversely proportioned to

the wheel-base. It is true that while this

increases the obliquity of one axle, it dim-

inishes that of the other; but this is no

abatement of the damage, since it is the

greatest obliquity of any axle that measures

the tendency of the truck to leave the rails

or burst the track. And this turning of the

truck about the bogie-pin, if it be not

brought about by chance oscillations, pro-

ducing the wriggling or "wobbling" which

you describe, is certain to be pushed to its

extreme limit in one direction, during the

passage of c,urves, by the action of a couple

resulting from the resistance of the wheels

to being slipped or skidded as they must be

to compensate for the inequality of their

paths. Now in English stock coupled tightly

together, not only are the chance oscillations

checked and absorbed by opposing the mass
of one carriage to the impetus of its neigh-

bor, but the couple above referred to is

neutralized by the action of the same couple

in the next carriage; while the American
bogie, free of all restraints, is left to wriggle

and wobble at its own sweet will.

Leaving this out of account, however, and
considering that the possible angle of obli-

quity of the leading axle is, as above stated,

the sum of two angles, of which one is

directly and the other indirectly proportional

to the length of wheel-base, it is clear that a

truck may have too short as well as too long

a wheel-base for the safe transit of a given bit

of road, and that there is a length of wheel-

base ivhich will give a less obliquity of axle

than any other, shorter or longer. The de-

termination of this length and the calcula-

tion of the angle of obliquity for any given
case is a simple matter;, and it will be easy
to demonstrate that there are circumstances

of common occurrence under which an ordi-

nary English carriage will traverse a sharp

curve with less obliquity of axle than an
American bogie.

Thus, the sine of the angle of obliquity

caused by parallelism of axles is = — , I

being the length of wheel-base and r the

radius of curve; and as the angles will in

any case be small, we may say that this is

approximately == the circular measure of

the angle. The circular measure of the

angle through which the truck can turn in

either direction is approximately = ~j-, s

being the play of the flanges, i. e., gauge of

rails minus gauge of wheels outside flanges.

Thus the wobliquity of axle = -^— -| .

And the length which will give the smal-

lest angle of obliquity is = s/2r s

Now let us take a 10-chain curve for ex-

ample; and as the gauge is sure to be widened
on such a curve, and we have to take the

worst case, it will not be too much to assume
that s may be = 1 in. Then using the above

formulae, we find that the best length of

wheel-base, or that which gives the least

obliquity of axle in this case is about 10 ft.

6 in. (an ordinary English carriage), while

an American bogie of 5 ft. wheel-base would
actually present its leading axle at as great

an angle of obliquity as a carriage with 22 ft.

ivheel-base. On flatter curves, supposing the

play to remain the same, the disadvantage

of the short wheel-base is even more ap-

parent.

The conclusion to which we are driven,

then, is that though on sharp curves a long

wheel-base is dangerous, yet the difficulty is

not to b,e obviated by shortening it, because

of the unsteadiness thereby induced ; and
the only satisfactory solution of the problem

will be by some simple arrangement by
which the wheel-base may be maintained of
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any desired length, and the axles truly

radiated to the curve.

VELOCIPEDES.
From "Engineering."

We have for a long time excluded the

subject of velocipedes, as one of diminutive

carriage building, from the pages of " Engi-

neering "; but they have in the mean time

become articles of extensive manufacture

by large and long established firms of me-

chanical engineers, railway carriage build-

ers, and others. In Birmingham, for exam-

ple, at least three eminent firms are engaged

in making, by scores, if not by hundreds,

what, a year or two ago, were thought to be

little better worthy the attention of engi-

neers than Bath chairs or perambulators.

The principal of a velocipede—and with all

their alleged differences velocipedes are

much alike—is a little paradoxical to those

who consider it for the first time. How is

it that they can stand upright on two wheels

only, one trailing behind the other ? And
how is it that the rider can accomplish fifty

miles as easily, if not easier, than eight or

ten miles of walking ? As to the first ques-

tion, the principle is the same as that which

keeps a boy's hoop upright as long as it is

kept in rotation, the tendency of all revolv-

ing bodies to continue in revolution in the

same plane as that in which they were first

made to revolve. With internal propelling

mechanism, a velocipede might run by itself,

the rider, who once puts it into motion, has

only to preserve his own balance, and not

that of the machine per se, which, once

equilibrated on both sides when at rest, will

take care of itself when in motion.

As to the reason why there is less fatigue

in working a velocipede than in walking, a

little examination is necessary. Whatever
the weight of the velocipede and rider, it is

a rolling weight only, and the resistance to

rolling, at, say, ten miles an hour, will not

much exceed one-fortieth of the weight

when this is moved over a smooth, level

road. Taking the total weight as 210 lbs.,

or, say, 15 stone, the rolling resistance

would be but 5^ lbs., and as a muscular man
can easily, for an hour or more, and under

the exhilarating influence of a race, work
up to at least 4,620 foot-pounds per minute,

this would correspond to an advance of 880
ft. per minute, or ten miles an hour. The
late Mr. Glynn's work on cranes quotes in-

stances of a much greater exertion of human
strength for short intervals, in some cases

nearly 30,000 foot-pounds per minute, or

much above the average power exerted by
an ordinary horse, and nearly equal to the

standard horse power of the engineer. The
writer himself, weighing 180 lbs., has often

raced up a circular staircase of fifty-six

steps, and rising 32 ft. 6 in., in thirteen sec-

onds. Were this rate continued (not that

he could so long continue it) for even a min-
ute, it would correspond to the exertion of

27,000 foot-pounds in that time. One-sixth

of this work, or 4,500 foot-pounds per minute
might, probably, be continued for a consid-

erable time, and this would carry him and
his velocipede at nine or ten miles an hour
on a good level road. -The force would be
exerted in the latter as in the former case

by the great extensor muscles of the legs,

the weight of the body being wholly carried

on the velocipede, instead of being lifted as

on the staircase.

In walking, muscular strength is expended
in alternately lifting, by either leg, its fel-

low leg, and the weight of the whole body
above both legs, through a distance, at each

step, corresponding (were there no " spring
"

to the feet) to the rise of the arc described

by the body in swinging over either leg

upon a fixed unyielding fulcrum at the foot.

The beautiful mechanism of the foot, of it-

self, takes off a good part of this lift, but

neither the head nor any portion of the body
advances in a truly horizontal line when
walking, this being the case only in rolling

along a level plane. There is, too, the ir-

regularity of advance of the body, which is

accelerated and retarded at each step to give

time to "change legs," and there is the

power expended in moving the legs them-

selves, considered as weights, to be stopped

and started at every step. In this way, to-

gether with the strain imposed upon the

muscles of the legs in the mere statical

support of the body, as much fatigue may
be occasioned in an hour's walk of three

miles as in a spin on a velocipede at three

or four times the speed.

And the bicyclical contrivances appear to

possess a commercial value in their use. At
any rate we hear of a fiimi of mechanical

engineers who assert that they save 40s.

weekly on an average, in cab fares, messen-

gers, &c, by retaining a sharp velocipedes-

trian as a means of communicating between

their two establishments, less than half a

mile apart, a private telegraph being una-

vailable for the transmission of drawings,

parcels, samples, daily accounts, &c.
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TRANSMITTING POWER BY ROPES.

From "Belting Facts and Figures," by J. H. Cooper,
in the "Journal of the Franklin Institute."

Among the more recent improvements in

the way of transmitting power for long dist-

ances, is the substitution of belts by end-

less wire ropes, running at a high speed ; their

use bids fair to add immensely to our manu-
facturing facilities. The distance to which
you can thus transfer power ranges from 75

ft. to 4 miles. Just where the -belt becomes
too long for economy, there the rope steps

in. In place of a flat faced pulley, a nar-

row sheave with a deep flaring groove is

used, the groove being filled out, or lined

rather, with leather, oakum, india rubber,

or some other soft substance, to save the

rope. The essential points are a large

sheave, running at a considerable velocity,

and a light rope. When the distance ex-

ceeds 400 ft., a double grooved wheel is

used, and a second endless rope transmits

the power 400 ft. further, and so on indefin-

itely. The loss by friction is about 8 per

cent per mile. A few examples may prove

of interest, and give information.

It is required to transmit 300 horse-power

by means of a wire rope. A wheel 14-| ft.

diameter, making 108 revolutions per min.,

is sufficient ; the rope running at a rate of

4,920 ft. per minute—size of rope required,

one inch diameter. The distance has noth-

ing to do with it. Again: "It is desired

to transmit for any distance as much power
as a 12 in. belt will give." Assuming that

the belt travels in the neighborhood of 1,300

ft. per minute, it is about equivalent to 20
horse-power, and a grooved sheave of 7 ft.

diameter, running 100 revolutions per min.,

with a f in. rope, will be the proportions

required. Again, a 4 ft. wheel, running 100
revolutions per minute, with a f in. rope,

will convey from 4 to 5 horse-power. The
cost of the rope is always the smallest item,

amounting to a few cents per foot, and not

one-tenth the cost of an equivalent amount
of belting. One is thus enabled, at a small

expense, to transmit power in any direction;

for instance, to a building lying remote from
the main factory buildings, where it is not

worth while to put up a separate engine.

Across rivers, creeks, canals, streets, over

the tops of houses, under water, from cellar

to roof, etc.

Frequently an excellent site for water
power remains unimproved for want of suit-

able building sites in the neighborhood.

Vol. I.—No. 8.-46.

The water may be conveyed down stream by
means of expensive canals and flumes ; but

by a wire rope transmission we can transfer

it in any direction, either up stream, across

it, or sidewise, up and down grades of one
in eight—in fact, anywhere. " In many sec-

tions of our country coal is dear and water
power plenty, but not improved, for reasons

which may be set aside by the above method.
In Europe over a thousand factories are

driven in that way."

—

The Manufacturer
and Builder, Feb. '69, p. 38.

In a paper by Mr. John llamsbottom, in
" Newton's Journal," vol. XXI, p. 46, on
traversing cranes at Crewe Locomotive
Works, dated January 28, 1864, mention is

made of the means by which power is com-
municated from the shop lines of shafting to

the gear of the cranes. It consists of a §
in. diameter soft, white cotton cord, weigh-

ing about 1 J ounces to the foot, running at

the rate of 5,000 ft. per minute, in a line

with the longitudinal motion of the crane,

above the same and over a 4 ft. diam. tight-

ener sheave. This sheave is weighed so as to

put a tension on each strand of the cord of

108 pounds, which is found to be the best

working strain for keeping the rope steady,

and giving the required "hold" on the

main driving pulley. The cranes have a

span of 40 ft. 7 in., a longitudinal traverse

of 270 ft., and the rails are 16 ft. above the

floor. The cord is supported every 12 or

14 ft. by cast iron fixed slippers of plain

cross section, 1§ in. wide, with side flanges.

These slippers are placed \\ in. below the

working line of the driving side of the cord,

so as to allow the driving wheels on the

traverser to pass them ; they are not oiled,

and the friction of the cord in them amounts

to two-fifths of the working load.

Motion is communicated to the gear of

the crane by pressing the cord into grooved

cast iron pulleys. The grooves in the driv-

ing pulleys are V shaped, at an angle of 30°,

and the cord does not touch bottom ; the

guide pulleys have circular grooves, same

diameter as the cord, and the pressure pul-

leys have a circular groove of larger dia-

meter than the cord. The driving pul-

leys have a diameter equal to thirty times

the diameter of the rope. Guards are put

on the pulleys to keep the ropes in. The
driving power of the cord to lift 25 tons is

only 18 pounds, irrespective of friction,

which is a ratio of 3111 : 1. Light loads

are about 800 : 1. In the gib cranes, driven

by similar means, the ratio is 1000 : 1 when
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lifting 4 tons at the rate of 5 ft. 1£ in. per

minute. The actual power required to lift

9 tons, besides the snatch block and chain,

has been found to be 17 pounds at the cir-

cumference of the driving pulley. The crab,

when unloaded, requires 1^ pounds to over-

come its friction. The cords are soon re-

duced to T
9^ in. diameter, and last about

eight months at constant work. In an over-

head traverser, used in the boiler shop, lift-

ing six tons, three years in use, a § in. cord

was employed, but was afterwards changed

for a cord \ iu. in diameter. The light

driving cord is the only plan compatible

with high speeds ; a heavy chain, belt or

cord, would soon wear out and break by its

own weight.

THE CENTRAL RAIL
From " The Engineer."

The really successful thing, and perhaps

the only complete success, on the Mont Cenis

Railway is the central rail. Without even

stating that the central rail is absolutely re-

quired, if we merely consider the tractive

force required on the Mont Cenis, it seems

to us to be the most important innovation in

locomotive work that has been made during

the last twenty years. It is the only means
yet discovered of obtaining adhesion without

increasing weight, or without that adhesion

being dependent on weight for its existence.

Apart from the plan of applying powerful

electro-magnets to the wheels, which has not

been found to answer, though tried more than

once ; and the fixed rope scheme of Mr.
David Greig—avowedly only a substitution

for the central rail—the central rail consti-

tutes the only system yet conceived for work-
ing a locomotive independently of the adhesion

obtained by its weight. It is remarkable

how difficult locomotive engineers, even of

great ability, find it to disconnect in their

minds great tractive power with the rail-

adhesion produced by the actual weight of

the engine bearing on the driving and coup-

led wheels. With ourselves it has always

seemed a mechanical absurdity to provide

weight in order to get the power to lift it

up and carry it along. With all the wheels

coupled together the maximum obtainable

adhesion is obtained ; but there is practically

no limit to the amount to which the horizontal

wheels in the Fell engine can be brought
to clip the central rail. The central rail

again offers a comparatively immense amount
of security against running off the line, and

an admirably speedy and safe means of
braking the train on a descent. Certainly,

when looking down the precipices passed

by the Fell trains, without the knowledge of
the use of the central rail we should scarce-

ly have felt unconcerned and comfortable.

The force of the wind also on these mountain
passes is sometiues so tremendous that the

extra protection and hold afforded by a
central rail is an absolute necessity.

Working with a central rail has more than
once been proposed during the last forty years;

but in great improvements, not merely the

man, but also the hour, must come together.

Vignoles and Ericsson patented in 1830 the

central rail with very different motives and
views to Fell, and certainly not with the in-

tention of getting an engine and train over
such sharp curves and steep inclines as those

on the Mont Cenis. An American engineer,

however, not merely patented the plan in

England, but actually carried it out for a
short time in America, though he afterwards

dropped it, proving that he had not that faith

in the plan which he might have had if he
had fully understood its importance.

It would not be fair to compare the central

rail with schemes which have never been
tried. The heavy Engerth engines on the

Semmering have scarcely been a success,

either in themselves or in their effects on the

permanent way. What is the result of some
of the very best practice in the kingdom
when seeking to obtain greater adhesion from
actual weight ? On the Metropolitan Rail-

way, engines weighing about forty-two tons

have to be employed to draw trains weighing
about eighty tons. In this there seems to

be a sort of mechanical contradiction of

terms. Mr. Fell's engines have been stated

by Mr. Brunlees to weigh only sixteen tons,

and putting twenty-four tons pressure on the

horizontal wheels, plus the weight of the

engine itself, the co-efficient of adhesion of

one-fifth gives a total adhesion of one-half

the weight of the engine. It must also be
borne in mind that when people speak of

getting on an ordinary line of rail an adhe-

sion of one-fifth, or even more, of the load,

they tacitly assume the rails to be in good
condition. With rails in bad condition it is

believed by engineers of the highest stand-

ing that whatever may be the weight of the

engine, the wheels are liable to slip. There
is also special reason on thi3 line why, apart

from other causes, an extra amount of adhe-

sion is required. It appears that on the

Mont Cenis a fine dust of a most lubricative
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nature is blown down upon the rails in dry

summer weather. This is the dust of the

schistose rock of which the road—which is

still partly used for ordinary traffic—is

mended, and when wetted besides, the rails

are sometimes in a worse condition for ad-

hesion than from the snow in winter.

It is not perhaps impossible that such

light loads as those now taken up Mont
Cenis could be taken without the central

rail ; and certainly this might be done if

the line were straighter—but whether with

as much safety is another and a very differ-

ent question. Suppose, then, we assume it

as proved that the adhesion produced by
weight alone wquld carry a remunerative

load up a gradient of 1 in 10 or 12, how
about passing such sharp curves as there are

on the Mont Cenis ? In the first place, the

central rail diminishes the friction in pass-

ing round very sharp curves ; and the wonder
is even witnessed on the Mont Cenis that

sharp curves are passed more easily than the

straight line in an ordinary line, the resist-

ance to traction on a curve of only 400 ft.

radius has been estimated as double the re-

sistance on a straight line on a level. And
there has been no instance of an engine run-

ning off this line—no small advantage with

a precipice on one side of you thousands

of feet deep.

In fact, the wonder in passing the Mont
Cenis is not so much at the tractive power

of the engine—as the load is but slight

—

but the ease with which the train winds its

way over a serpentine road, passing over

curves of little more than five or ten chains

radius. The horizontal gripping wheels of

the engine, and the horizontal guide-wheels

of the carriages, keep the train true on the

line, and prevent much of the usual pre-

judicial action from coming into play. Just

as the adhesion is practically unlimited, so

is the brake power in descending the steep

gradients. On such a difficult line as an

Alpine line—whereon, in winter, guards

have to be placed to warn as to descending

avalanches—the ease whereby a train can

be stopped is of the greatest necessity. We
think that very few disinterested people can

come to any other conclusion than that, on
such lines, with such complicated conditions,

differing so much from our own, the central

rail system is the only one to be depended
upon for tractive and brake power, flexibility

round the curves, safety to life, and practica-

ble cheapness. It seems to us not impos-
sible that we should have an approach to

perfection in a sort of combination of the

engines advocated by M. Thouvenot and Mr.
Fairlie with the central rail. Of these two
tank-engines, placed back to back—united

as to their fire-boxes and boilers—one pair

of cylinders could work the four coupled
wheels of one bogie-frame in the ordinary

way, and the other pair could be set to work
the gripping wheels on Fell's plan on the

second frame. With such a combination
there need scarcely be a single piece of gear

more than if only vertical driving wheels
were used.

Goods Engines for Steep Inclines.
—The Paris, Lyons and Mediterranean

Railway Company will work the steep in-

clines of the new branches now in progress
with eight coupled engines of a new pattern.

Twelve engines of this system are being
manufactured at the Graffenstaden Works,
at the price of £52 8s. 3d. per ton, but the

working drawings were prepared in the

offices and by the engineers of the company.
These engines have fire boxes overhanging
the rear drivers, and outside cylinders.

The valve gear is also outside, the eccen-

trics being supported by an overhang to the
end of the crank pin of the driving axle.

The frames are curved transversely to clear

the fire box, which is of unusual width.
The curved part of the frame is strength-

ened by a strong wrought iron bracket, a
contrivance which has been used with much
success by the Eastern Railway. The first

and fourth axle have an end play of 1 in. in

the brasses, and spherical crank pins for the

coupling rods, enabling the engines to pass

easily round curves 720 ft. radius ; all the

wheels are, of course, flanged. The engine
is suspended by eight springs and four com-
pensating beams. The boiler is fed by a

single injector, connected through two iradia

rubber pipes to a tender, which has nothing
worth noticing, and weighs about twenty
tons in working order. The engines, as

well as all the other engines of the company,
are fitted with the Lechatelier reversing ar-

rangement, and Thierry's smoke-consuming
apparatus. The following dimensions of

the most important parts of these engines

are from " The Engineer."

Fire grate.

ft, in.

Length 5 1

Width •. 4 5£
Surface in square feet 12^
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Inside fire box.

ft.

Height next the tube plate 5

Height next the door 5

Inside width at the top 4

Inside width at the bottom .... 4

Inside length at the top 4

Inside length at the bottom .... 5

Thickness of fire box, copper.

Door plate

Side plate

Top of tube plate

Bottom of tube plate

Tubes.

Number 244
Outside diameter ....

Length 17

Heating surface of fire box (sq.

f feet) 106
Heating surface of tubes in sq.

feet 2,132

Total heating surface in sq. ft., 2,238

Outside fire box.

Length at the top 5

Length at the bottom 5

Width 5

Thickness

Boiler.

Diam. outside of smallest plate. . 4

Length 17

Thickness

Height of the center above the

rail 6

Steam pressure 125 lbs.

Diameter of each safety valve .

.

Chimney.

Diameter 1,

Height above the rail 14

Frames.

Inside distance at the front .... 3

Inside distance at the back .... 5

Thickness

Total length of the engine 32

Wheels.

Diameter 4

Distance of axles 4
Total wheel base 13

Miscellaneous.

3d axle

1st, 2d and 4th

Length of journals

Diameter of cylinders 1

Stroke 2

Length of connecting rods 8

Distance between centers of the

cylinders 6

Angle of advance of eccentrics, 35

10*

5J-

6*
1

7f
0*

11

3

H
9

4

HI
10*
u

If

10

2

4f

13*
deg.

Throw of eccentrics

Stroke of slide valve in full gear
Inside lap of slide valves

Outside lap of slide valve

Average admission in full gear. .

Length of steam and exhaust

ports

Width of steam ports

Width of exhaust ports

Number of spring plates

Width
Thickness.

Length
Camber
Distance of center of gravity in

front of 3d axle

Total weight of engine empty .

.

ft. in.

'24

5!

11

5

-i
4.

H
H
3f

H
i
2

2 10

H
2 0§
43 tons.

Distribution of weight in working order.

tons. cwt.

1st axle 12

2d axle 12

3d axle 12 13
4th axle 12 13

Total weight. 49 6

These engines are especially designed for

working steep inclines at very small speed.

A single engine will easily take, at ten miles

an hour, a 200-ton train up an incline of 1

in 40, or better, two engines, one at the

front and the other behind, will work a 400-

ton train. With so small a speed the over-

hang of the fire box and the end play of the

leading and trailing axle are without any
practical inconvenience. The company do

not intend, of course, to work their main
lines with these engines, where the speed is

much greater, and where the six-coupled

engines now in use are quite sufficient.

British Heavy Guns.—In a recent ar-

ticle, the London " Times " drew at-

tention to the comparative trials for endurance

of 9-in. guns now in progress at Woolwich.

It was stated that one pattern of the Wool-
wich coiled wrought-iron gun had endured

400 rounds with ordinary service charges of

30 lb. English large-grain cannon powder,

and 714 rounds with battering charges of 43
lb. ; in all, 1114 rounds—a test far beyond
anything that such a gun could probably be

called upon to resist even during a great war.

The gun remains perfectly serviceable. The
gun and its ammunition were calculated for

each other, regard being had both to power,
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endurance, weight, and cost ; and that there

may be no mistake as to the powers of the

Woolwich 9-in. gun, with battering charges

of 43 lb., we give the maximum penetrations

which the gun is capable of effecting, as laid

down by the Committee on Fortifications :

into earth 40 ft., into concrete 12 ft., into

brickwork 12 ft., into rubble masonry 8 ft.,

into massive granite 2 ft. (but with fractur-

ing and disintegrating effect to a much greater

depth, and over a considerable area), into

iron plating 11 in. Well-trained gun detach-

ments can, if the circumstances are not un-

favorable, load, aim, and fire the 9-in. gun
at the rate of one round per minute, so that

a six-gun battery could deliver a shot or shell

well aimed every 10 seconds.

The difference between the second or or-

dinary pattern of the Woolwich gun and its

predecessor under trial consists in certain

details of construction. The first trial gun
had a steel tube only 2 in. thick, the second

a 3-in. tube. In the first the coils intended

to form the breech of the gun were made up
in two masses, so that the breech consisted

of two layers of wrought iron over a thin

steel tube. In the second the whole of the

wrought iron covering the breech of the tube

had been previously welded up into one mass,

so that the breech consisted of one layer of

welded coils over a thick steel tube. The
result has been in favor of the gun with less

steel and more iron disposed in two layers.

The endnranee of both pieces has been
eminently satisfactory.

The second gun has fired 400 rounds with

30 lb. charges, and 649 with 43 lb. charges

—

1,049 rounds in all. During the firing of

the 400 charges of 30 lbs. and during 207 of

the 43 lb. charges, the vent was in rear of

the usual place. The last 442 rounds with
43 lb. were fired through a vent in the or-

dinary service position, which is more severe

upon the gun. The piece is now unservice-

able, but became so by a most gradual

and easily watched process, xlbout 200
rounds before the end of the trial a flaw was
detected in the steel tube. It developed
gradually, though the steel barrel is tightly

gripped by the wrought-iron exterior, up to

the 1002nd round, when gas was discovered

escaping from the indicator hole—a small

orifice bored in all our heavy guns to give

notice when a steel tube is cracked through.

The proof was continued 'with full battering

charges until, at the 1049th round, the steel

tube shifted forward about 2 in. and closed
the vent, so that further firing became im-

possible. Thus, though the gun is unservice-

able, it has stood an enormous test, and
yielded slowly at last, step by step. We
need hardly say that no accident could pos-

sibly have happened to any one. Cases, very
few and far between, might possibly occur of

a Woolwich gun bursting at proof if the

steel tube happens to be exceptionally bad,
because the proof charge is inordinately

large. We have known one such case. In-

deed, the proof is intended to test thorough-
ly every part of a gun, not merely the
interior. This trial was merely comparative;
but, while it has shown the advantage of us-

ing thin interior steel tubes or barrels in

preference to thicker ones, it has also shown
that Woolwich guns, made on either pattern,

are capable of an endurance entirely unknown
among the expensive . heavy guns possessed

in extremely limited numbers by Continental
powers.

TESTING STEAM ENGINES.

From " Engineering."

Although the ordinary method of expres-

sing the performance of a steam engine by
stating the number of pounds of coal per
horse power per hour consumed in working
it, no doubt possesses some points of prac-

tical convenience, yet as a means of com-
paring accurately the performances of differ-

ent engines it is absolutely valueless. That
this is the case will be readily admitted
when it is considered that the number of

pounds of coal consumed per horse power
per hour by any given engine may be varied

within very wide limits without the engine

itself being modified in any way. Any
given engine working at a given speed, un-

der a constant load, and supplied with steam
at a constant pressure, will, so long as no
derangement of its parts takes place, con-

sume a certain constant quantity of that

steam per hour ; but, on the other hand, the

amount of fuel consumed in genex-ating this

quantity of steam may vary considerably

according to the description and proportions

of the boilers used, the quality of the coal

burnt, the care and skill exercised in stoking,

the means adopted to prevent loss of heat

by radiation, and other details which it is

unnecessary that we should mention here.

It thus follows that a bad engine supplied

with steam by an economical boiler worked
by skillful stokers may, according to the or-

dinary method of estimating performance,

show as good a result as an engine which is
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in reality very superior to it, but -which

draws its supply of steam from boilers of

less efficient proportions, or less carefully

fired than those of its rival, and this although

the same quality of coal is used in the two
instances. Even if the two engines are

supplied with steam from boilers of the same
class fired with equal care, the comparison

is rarely a perfectly just one ; for with all

boilers there is a certain rate of evaporation

at which the consumption of fuel per pound
of water evaporated is less than at any other,

and it may—and in practice probably always

will—happen that the supply of steam need-

ed by the one engine will approach more
nearly to this rate of most economical eva-

poration than that required by the other,

and hence an inequality of which it is im-

possible to estimate the amount with ac-

curacy. The fault, in fact, of the ordinary

system of estimating steam engine perfor-

mance is that it considers the engine and
boiler as a whole instead of regarding them
as two entirely independent parts, either of

which may be good or bad without in any
way affecting the efficiency of the other.

A better measure of the efficiency of any
given engine than the number of pounds of

coal consumed per horse power per hour in

supplying it with steam, is the weight of

that steam as estimated from the quantity

of water evaporated by the boiler. We say

estimated advisedly, for there are but few
boilers which do not prime to some greater

or less extent, and the amount of this prim-

ing will, of course, always cause the appar-

ent evaporation to be somewhat greater than
that which actually takes place. The prac-

tice of estimating the efficiency of an engine

by the quantity of water consumed by it, has,

however, never become a general one, and
there are abundant reasons why this should

be the case. To ascertain accurately the

quantity of water consumed per horse power
developed by any given engine is practically

no very easy matter. In the first place the

power exerted by the engine during the trial

must be constant—or so nearly constant that

the mean power exerted may be accurately

estimated—and this' is a condition which,

except in the case of engines employed for

pumping water and a few other instances, is

very difficult of attainment for any length-

ened period of time. Next, the quantity of

water supplied to the boilers must be accu-

rately ascertained, not by water-meters,
which are rarely thoroughly accurate, but if

possible by direct measurement in a tank or

equivalent contrivance, allowance being
made for variations of temperature ; third-

ly, care must be taken that no steam is

taken from the the boiler for other purposes
than supplying the engine, and that there is

no leakage from valves, cocks, etc. ; and
fourthly, the water level in the boilers

should be the same at the termination of
the experiment as at its commencement. In
the case of marine engines also with boilers

worked with salt water, of which a certain

proportion has to be blown off at intervals,

the amount thus blown off would have to be
ascertained. Altogether such experiments

require not only careful, but skilled superin-

tendence ; and as, to be of practical use, they

must be of lengthened duration in order that

inaccuracies due to variation of water level,

etc., may be as much as possible eliminated,

they are necessarily expensive to carry out,

and are consequently seldom resorted to.

Having stated the errors and inconveni-

ences incidental to the ordinary methods of

comparing the performances of steam en-

gines, it is only fair that we should point

out a method of making such comparisons

to which the above mentioned objections do
not apply. This method is a very simple

one, and consists merely in measuring the

heat carried off from the engine by the ex-

haust steam, this steam, this heat being, in

the case of a condensing engine, of course

imparted to the water used for effecting con-

densation. It has long been a practice with

many engine-drivers to roughly estimate the

temperature of the water in the hot wells of

their engines, by dipping their hands in it,

and in this way to get some rude idea of the

manner in which their engines are working;

and several engineers, and amongst them
Mr. David Thomson, have by supplying an
engine with a constant amount of condensing

water, and noticing the variations in the

temperature of the latter estimated the re-

lative economy of different rates of expan-

sion etc, when working against a given load.

The merit, howTever, of reducing this method
of testing engines to a system, and devising

means for carrying it out in a simple yet

thoroughly accurate manner is due to Mr.
B. W. Farey and Mr. Bryan Donkin, jun.,

of the firm of Messrs. Bryan Donkin and
Co., of Bermondsey, who have during the

past eighteen months or so ascertained the

performances of a number of engines in this

way both in this country and abroad. In a

letter addressed to us, and which was pub-

lished in Engineering of the 17th of July
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last, (vide page 58 of our last volume), Mr.

Farey drew attention to this mode of test-

ing engines, and gave a description of the

apparatus employed ; but it may neverthe-

less be convenient that we should give some
particulars of the system here.

The principles upon which the system is

founded may be very simply stated. A
steam engine is but a form of heat engine,

receiving its supply of heat from the boiler,

and converting a greater or lesser portion of

this heat into useful work. The more effici-

ent the engine the greater will be the pro-

portionate amount of heat thus transformed

into work, and the less consequently will be

the proportionate quantity carried off by the

exhaust steam. We thus see that we meas-
ure the quantity of heat carried off by the

waste steam of any engine during, say, a

minute, and divide this quantity by the

number of horse power developed by the

engine during that minute, we get a certain

number or constant which will enable the

performance of that engine to be compared
accurately with that of any other engine

tested in a similar way. The more efficient

the engine the lower, of course, its " con-

stant " will be, and vice versa.

We must next consider the means by
which the quantity of heat carried off by
the exhaust steam can be measured, and we
may here remark that nothing could be more
simple, and at the same time more accurate,

than the apparatus which Messrs. Farey and
B. Donkin, junior, have devised and employ-

ed for this purpose. In its simplest and
most generally useful form, it consists mere-
ly of a wooden trough, or box, into which
the whole of the water from the hot-well is

led, this trough having several partitions

across it, over and under which the water
flows, so as to obtain at last a steady current,

which, at one end of the trough, falls over

a weir or a ''tumbling bay." The height

or head of water above the weir can be

readily determined by the ordinary hook
gauge, and this and the breadth of the well-

being known, the quantity of water discharg-

ed in a given time can be readily and ac-

curately calculated by the use of Beard-
more's Tables, or equivalent formulae.

In practice it would be unnecessary to make
these calculations more than once for any
given apparatus, it being, of course, more
convenient to mark on the gauge the dis-

charge per minute corresponding to each
given amount of head. To ascertain the

temperature at which the condensing water

enters the condenser and finally escapes, a

good thermometer is, of course, all that is

required. The number of degrees that the

water is raised in temperature during its

passage through the condenser, and the num-
ber of pounds of water thus heated during

a given time, being known, we can, by mere-

ly multiplying these two quantities together,

determine the number of pound-degrees of

heat or thermal units carried off from the

engine during that time by the exhaust steam.

Dividing this number of pound-degrees by
the number of horse power developed by the

engine during the trial, we get the "con-

stant " already mentioned.

All, then, that is necessary to test an en-

gine on Messrs. Farey and Donkin's system

is a wooden box with a tumbling bay, a

good thermometer, and indicators for deter-

mining the power developed. It is by no
means necessary that the trial should be a

lengthened one, for it will be found that

as long as a constant pressure of steam

is maintained, and the engine is employed
to do an uniform amount of work, the

amount of heat carried off by the condensing

water will also remain constant from hour

to hour, and there is, therefore, no reason why
the experiment should be extended for an

inconvenient time. This is a very import-

ant point in favor of the system of testing

of which we are speaking, as in all mills or

factories an engine can be kept doing toler-

ably uniform work for a couple of hours or

so without inconvenience, whereas if the

trial had to be extended over a lengthened

period (as would be essential if the quantity

of water evaporated by the boilers and the

amount of coal consumed were obtained in

the ordinary way) much inconvenience and
expense would be in most cases incurred.

We must now speak of another important

point connected with this system of testing

engines. Mr. Farey and Mr. B. Donkin,
junior, have found, from experiments, that

the " constant " of any given engine does

not vary to any practical extent with mode-
rate variations of power ; and thus when
the " constant" has once been obtained, the

power developed at any given time by an
engine fitted with the apparatus we have
described can be ascertained very closely

without the use of the indicator. For
instance, let us suppose that it has

been ascertained that the "constant"
of any given engine is 480 or, in other

words, that the exhaust steam of that

engine carries off 480 pound-degrees of
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heat per minute for every indicated horse

power. Then if, on observing the apparatus,

it was found that 14,400 units of heat were
passing away per minute, the engine would

then be developing — = 30 horse pow-

er, or if 16,800 units were being given off

per minute, —-r--=r— = 35 horse power would

be developed, and so on. We thus see that

the apparatus affords a very ready means of

estimating the power requisite to drive vari-

ous machines, shafting, etc., arid we are

inclined to believe that if it was generally

applied to these purposes some curious re-

velations would be the result.

In cases where it is desired to maintain

a continuous registration of the work
done by an engine, Messrs. Farey and
Donkin employ the simple arrangement of

photographic apparatus described and illus-

trated in the letter from Mr. Farey to which

we have already referred. According to

this plan, two rays of light from a gas

burner—the one passing through a hole in

a screen carried by a float, and the other

through a break in the mercurial column of

a thermometer—are, after traversing lenses,

made to fall upon a sheet of sensitized paper

carried by a slowly revolving drum, which
derives its motion from the engine. Each
ray of course traces a line upon the sensiti-

zed paper, and by the distance of these lines

above or below a fixed datum line traced by
a third ray of light, the quantity and
temperature of the water passing over the

weir at any given time are registered. Ap-
plied in this way, the apparatus is calculated

to do good" service to large millowners and
waterworks companies who desire to obtain

a continuous record of the performances of

their engines.

Hitherto we have spoken of this system
of testing as applied to stationary condens-

ing engines only ; but it is also applicable

to high-pressure engines, and, under certain

circumstances, to marine engines. In the

case of high-pressure engines, the exhaust

steam would have to be turned into a tank

of water and condensed, and the water thus

heated could then be treated like that from
the hot well of a condensing engine. In the

case of marine engines, the vessel containing

the engines to be tested would have to be
lashed alongside a wharf, and the engines

being got up to their intended working speed,

the water from the hot well would have to

be conducted into a box fixed to the wharf,

and measured in the way already described.

Of course in actual trials at sea some other

method of measuring the water discharged
from the hot well would have to be devised

;

but this being done, the system of testing

would be as applicable at sea as on shore, as

the rise of temperature of the condensing
water could of course be readily ascertained.

We have spoken, at some length, of the

system of comparing the performances of

steam engines proposed by Mr. B. W.
Farey and Mr. B. Donkin, jun., because

we are convinced that it is one deserv-

ing the most attentive consideration of

all employers of steam power. The ex-

periments required for its application to

any engine are of the most simple and in-

expensive kind, and, when once under-
stood, they may be carried out as easily as

the taking of an ordinary indicator diagram.

The system, moreover, gives for each engine

a " constant," the favorableness or unfavor-

ableness of which is entirely dependent on
the performance of the engine itself, and
which is not affected in any way by the effici-

ency or inefficiency of the boilers, by the

quality of the coal used, or by the greater

or less skill of the stoker. Once let such

a standard of comparison as this become
generally adopted, and we shall hear less of

vague performances and more of really eco-

nomical steam engine—a state of affairs

earnestly to be desired.

Loads on Girders.—At a recent meet-
ing of the Soci6te des Ingenieurs Civils

M. Leygue presented to the Soci6t6 a de-

tailed study on uniformly distributed loads,

which, in their results, are equivalent to the

loads caused by traffic on metal superstruc-

tures ; that is to say, capable of producing
in the sections submitted to the greatest

strains caused by separate loads, the same
maxima momenta of flexion.

M. Leygue first examined the conditions

of variation, to the extent of the movement
of the loads, of the maxima momenta pro-

duced by a series of forces, P, acting on a

body resting freely on two level supports.

In discussing the expression

\i = A -f- B z,

which is the usual formula of flexion mo-
menta for any section, he found that in the

position, z, the most unfavorable of the sys-

tem, one of the loads, P, was to be found

in the section undergoing the greatest strain.

From this point the question of uniformly
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distributed loads becomes remarkably sim-

plified.

If x be the abscissa of the maximum mo-
mentum under any specified load ; n the

uniformly distributed load producing tbe

same effect as tbe separate loads, P ; L the

bearing of the girder
; p the uniformly dis-

tributed load caused by the dead weight; F
the resultant of distinct forces, P' ; X the

distance of the load under consideration to

the resultant, F ; 2 P I the sum of the mo-
menta in relation to the load under consider-

ation, of the separate loads placed at certain

distances on the abscissa x, we find

_ L __ , F

and

L \ L — x) (L-x)x''
After having examined the conclusions to

be deducted from these formulas, M. Leygue
presented to the Soci6t6 the results of their

application to underline and oveiline road-

ways. The calculations are arranged in the

shape of tables and curves, in which the

values n are considered as representing the

performance of the bearings of the girders.

The general shape of the curves thus

traced is hyperbolical with two rectangular

asymptotes

:

x =o and y = constant.

In face of such results, and foreseeing

what must take place in other companies

from what has taken place in the Compagnie
du Nord, M. Leygue was surprised that

straight lines of 400 K., 4,000 K., and
5,000 K., should still be the standard indi-

cations in the administrative orders of the

controller's office. It would seem to be
more reasonable to permit the engineers to

fix upon the loads for which they must cal-

culate their works, and to simply place a

certain limit to the molecular strains to

which the metals may be submitted. In fact,

the different pitches would allow the degree

of stability of the works to be ascertained.

M. Leygue believed that the figures ob-

tained by tbe formula (n) were also applica-

ble to continuous girders supported by seve-

ral bays. In fact, in a case of entire sym-
metry there will be found for a piece built

in horizontally at both its extremities,

NJN + 2) P
_

N + l 17'
N representing the number of separate loads,

P, distributed on the bay L; and this formula
will be found identical in the hypothesis of
free supports.

M. Leygue concluded by saying that he
agreed with the expressed opinion of M.
Bresse that the motion of the loads ought
not to have a disturbing influence on the

works. If certain observations seem to

contradict this opinion, the reason probably
is that the girders, by the relation of their

component parts, were placed beyond the

typical limits as regards which theory and
practice are not in contradiction to each
other. For this reason M. Leygue support-

ed without any alteration the figures obtain-

ed by him, deduction being made for the

speed of the rolling loads.

he Iron and Steel Institute op
Great Britain.—This body comprises

upwards of 140 of the leading iron and steel

masters, managers and engineers of the

kingdom. Its objects as defined in the
printed rules are, 1st, to afford the means
of communication between members of the

iron and steel trades upon matters bearing
upon the respective manufactures, excluding
all questions connected with wages and
trade regulations ; 2d, to arrange periodical

meetings for the purpose of discussing prac-

tical and scientific subjects bearing upon the

manufacture and working of iron and steel,

The several similar institutions devoted
more especially to civil engineering have
proved of such signal advantage to all con-

cerned, that great hopes are entertained of

the usefulness of this new enterprise.

Gold Region in South Africa.—
"Peterman's Mittheilungen " contains

a report on the gold region discovered by
K. Mausch, in the south of Africa, between
Limpopo and Zambesi. Quartz rock, very
rich in gold, is found there extending over

a length of many miles. Gold sand rich

enough to be washed to advantage has not

yet been discovered. Captain Black, who
has acquired a considerable experience in

gold mining in California, is managing the

mining operations. He wishes to annex
this gold district to the Cape Colony, and
has given it the name of Victoria district.

Gold mining companies have been organized

in Natal, in the Transvaal Republic, and in

the Cape Colony. Several European geolo-

gists have started for Africa. A scientific

man is being sent there from England. Al-

ready, in October last, Germany sent Mr.
Ed. Mohr, the experienced traveller, well

acquainted with the south of Africa, and
accompanied by O. Hiibener, of the Frei-
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berg Mining Academy. They have gone to

Natal and the Transvaal Republic with the

purpose of subjecting the gold district men-
tioned to a closer investigation.

—

Oestr. Zeit-

schrift.

"VTew Method of Rifling and Working
IN Heavy Guns.—The "Mechanics' Mag-
azine " for May 14, 1869, illustrates in detail

the scheme referred to, as designed by Mr.

C. Pemberton, of the Royal Navy. A rifled

bar of say 6 in. diameter is screwed into

the bottom of the chamber and occupies the

position in the bore that a piston-rod would

occupy in a cylinder. The projectile is

bored out and grooved to fit over this rifled

bar, while the exterior of the projectile and

the bore of the gun are smooth. The ob-

ject is to avoid the weakening of the gun by
the loss of metal and the sharp angles of

grooves in the bore, and by the bursting

strain caused by the rotation of the pro-

jectile. It appears to us, however, that the

rifled bar would sag at the muzzle to such

an extent as to make loading difficult.

Mr. Pemberton also shows a novel ar-

rangement of air cylinder for taking up the

recoil, and also for running out the gun;

also a method of elevating the gun platform

by screws, which we think vastly inferior to

hydraulic power.

BLAST FURNACE ECONOMY.
From "Engineering."

To those who desire to effect economy in

the carrying out of any process or manufac-

turing operation there is no knowledge more

valuable than a knowledge of all existing

sources of waste. In some cases such know-

ledge is easy to obtain; but in the majority

of instances it is more or less difficult, and

in none more so than in those in which the

matter to be economized is fuel. Let us

take the steam engine for example. We
know that a certain quantity of fuel if prop-

erly consumed will produce a certain number
of units of heat, and that if this number is

multiplied by 772 we get the number of foot-

pounds of work which this heat is capable of

developing if completely utilised. But we
also know that even with the best boilers

and engines now constructed the amount of

work actually developed falls immensely
short of this theoretical quantity; there are

losses caused by imperfect combustion, by
heat carried off from the boiler furnaces, by
the waste gases, by radiation, by condensa-

tion, by wire-drawing, by leakage, and by
numbers of other defects, which it is unne-
cessary to mention here. The losses due to

some of these various causes are known with
tolerable accuracy, but with regard to others

there is little definite information available,

and the consequence is that they are not

guarded against as they should be. If we
knew exactly how every unit of heat devel-

oped in a boiler furnace is expended, who
can doubt but that some substantial improve-
ment in construction would be the result.

As with steam engines so with blast

furnaces, Respecting which we intend more
especially to speak on the present occasion.

That much has been done during the past

few years— and particularly in the Cleve-

land district— to reduce the consumption of

fuel in blast furnaces per ton of iron pro-

duced is undeniable ; but it is equally unde-

niable that there is still margin for improve-

ment, and it appears to us that one of the

first steps to be made towards effecting that

improvement is to ascertain with the greatest

practicable exactness the losses amounting
from each existing source of waste. These
losses once known, they may be considered

separately, and means taken to avoid them.

At the meeting of the Institution of Me-
chanical Engineers, held on the 28th of Jan-

uary last, during the discussion which took

place on Mr. Cochrane's paper on the utili-

sation of waste gases from blast furnaces,*

attention Avas especially directed to the dif-

ferences which exist between the quantities

of fuel actually consumed in blast furnaces

per ton of iron produced, and the amounts

which would be theoretically required ; and

the subject is altogether one of such import-

ance as to deserve especial consideration.

And here we may remark that it is quite

impossible in the present state of our metal-

lurgical knowledge to say precisely how
much fuel is absolutely wasted in any given

blast furnace. The quantities of fuel, ore,

and fluxes introduced in any given time,

and their analyses, may be accurately known
to us ; but our information concerning the

quantities of heat rendered latent in destroy-

ing certain chemical combinations, the heat

absorbed is liquefying the slag and iron

itself; the specific heat of the liquid slag

and iron, and other matters, is far from

being so reliable as we could wish, and,

consequently, as we have sa^d, a thoroughly

accurate estimate of the fuel required in any

* See Van Nostrand's Magazine, No. 2, p. 140.
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given instance cannot, at present, be given.

Notwithstanding this, however, we have suf-

ficient data at our disposal to show that the

amount of fuel actually used is greater than

it should be, and it may be interesting if we
consider this matter more closely. For this

purpose it will be convenient if we take, as

an example, a furnace worked with certain

definite charges of ore and fuel, and show
how the proportions between those charges

agree with those which would be theoretical-

ly required.

Let us, for instance, consider a furnace,

in which the charges consist of 26 cwt. of

coke, 50 cwt. of ironstone, and 10 cwt. of

limestone, per ton of iron run; the ironstone

containing 40 per cent, of iron in the state

of peroxide. We have chosen these propor-

tions because they will enable us to readily

compare our calculations with those of Mr.
I. Lowthian Bell and Mr. Siemens given in

the course of the discussion to which we have
already referred ; and which were founded
on similar data. In the first place the coke
used in the Cleveland district contains from
5 to 10 per cent, of ash and moisture, and if

we assume that our particular sample con-

tains 7-<j per cent, of these matters, we shall

have to make a deduction of 1J cwt. from
the quantity available as fuel. A further

deduction of about 1 cwt. will have to be
made for the carbon which combines with
the iron, leaving finally 23^ cwt. of carbon
to be accounted for.

Peroxide of iron (Fe
2 3 ) consists of 56

parts by weight of iron combined with 24 of

oxygen, and the 50 cwt. of ironstone charged
per ton of iron made contain, therefore, 20
cwt. of iron, 8.57 cwt. of oxygen, and 21.43
cwt. of other materials, principally silica.

The decomposition of the peroxide is effected

by its oxygen being taken up by the carbonic

oxide gas produced by the" imperfect com-
bustion of the coke, this carbonic oxide being
thus converted into carbonic acid. The
amount of carbonic oxide required to decom-
pose the given quantity of peroxide of iron

is readily calculated. Carbonic oxide con-

sisting of 6 parts by weight of carbon com-
bined with 8 parts of oxygen, and carbonic

acid consisting of 6 parts of carbon and 16
of oxygen, it follows that to take up the 8.57
cwt. of oxygen from the peroxide of iron 15
cwt. of carbonic oxide (composed of 6.43
cwts. of carbon and 8.57 cwt. of oxygen)
will be necessary. This disposes of 6.43
cwt. out of the 23J cwt. of carbon. But in

converting the oxygen of the peroxide from

the solid to the gaseous form there is a great

absorption of heat, and to supply this heat a

consumption of fuel has to take place. It

appears from the researches of Ebelmen and
Schinz that the quantity of heat rendered
latent during the decomposition of the per-

oxide of iron amounts to 718 units for each
pound of oxide decomposed, and as in our
example the quantity of peroxide is 28.57
cwt., the heat absorbed would be 28.57 X
112 X 718 = 229,748,512 units. We must
next consider the quantity of fuel required

to supply this amount of heat.

If the whole of the carbon consumed in a

blast furnace was converted into carbonic

acicl, each pound of it would develop about

14,000 units of heat ; but, as a fact, it ap-

pears probable that, as estimated by Mr.
Siemens, not more than one-fifth is thus con-

verted, the remaining four-fifths assuming
the form of carbonic oxide. As carbon,

when burnt into carbonic oxide, only pro-

duces about 4,000 units of heat, we thus

have as the average quantity of heat

produced by each pound of carbon con-

sumed in the furnace
( \ X 14,000 ) + ( f X

4,000 ) = 6,000 units; and this we believe

is a fair estimate. From these data we get

229,748,512 Q/!1Q Q /)0 .

- 3.418, or, say, 3.42 cwt. as
6,000 X 112

the quantity of fuel required to supply the

heat rendered latent during the decomposi-

tion of the peroxide of iron. We have next
to consider the amount of heat rendered

latent during the decomposition of the lime-

stone ; and, according to the experiments of

Schinz, this amounts to 355 units for each

pound of carbonate of lime decomposed. In
our case, therefore, the quantity will be 10 x
112 X 355 = 397,600 units corresponding to

*i. *• t 397,600 n , Q1the consumption ot . _ '
y ^_ == 0.501, or,

OjUUU X ills

say, 0.6 cwt. of fuel.

At the time that the iron and slag are dis-

charged from a blast furnace they have a

temperature which may be fairly assumed as

about 2,400° higher than that of the materi-

als at the time of charging; and we have

now to consider the amount of heat necessary

to liquefy them and give them this high

temperature. The amount of heat rendered

latent during the liquefaction of a pound of

cast iron has been given by Clement as 233
units, and by Schinz as varying in different

samples from 250 to 315 units. If we as-

sume 250 units as the amount in the present

case, we shall have 250 X 20 X 112 = 560,-

000 units as the amount rendered latent
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during the liquefaction of the ton of iron.

Again, the specific heat of cast iron in the

solid state is 0.13, and in the liquid state

about 0.16; and we shall, therefore, have

20 X H2 X 0.13 X 2,000 = 582,400 units

of heat absorbed in raising the ton of iron

to the melting point, and 20 X H2 X 0.16 X
400 = 143,360 units imparted to it after it

is melted. Adding these quantities togeth-

er, we get 560,000 + 582,400 + 143,360 =
1,285,760 units ; thus corresponding to the

consumption of -^—J^— = 1.91 cwt. of

fuel.

As to the quantity of heat rendered latent

during the liquefaction of the slag, some
little uncertainty exists, and it, moreover,

no doubt varies in slags of different com-

positions. The researches of various conti-

nental experimenters, however, tend to show
that 110 units per pound of slag melted may
be taken as a fair estimate in ordinary cases.

With the charges mentioned in our example,

the quantity of slag produced would be about

29| or 30 cwt. per ton of iron made, and
taking the latter quantity, we shall have

30 X 112 X HO = 369,600 units. The spe-

cific heat of slag, like that of iron, varies ac-

cording to whether the material is in the

solid or liquid form ; but we may, without

any serious error, assume it as being 0.2

throughout. The quantity of heat required

to raise the temperature of the materials

forming the slag about 2,400°, will thus be

2,400 X 30 X 112 x 0.2 = 1,612,800 units;

and adding to this the 369,600 units absorbed
during liquefaction, we get 1,982,400 units

as to the total heat imparted to the slag,

this corresponding to the consumption of

6mxU2 = 2M
'

°r
'

Sa
^'

3 CWt> °f fueL

Summarizing the results above obtained,

we get the following statement of the man-
ner in which the 26 cwt. of fuel is disposed

of:

cwt.

Ashes and moisture in fuel 1.5

Carbonization of the melted iron 1.0

Carbon for combining with oxygen in ore .. . 6.43

Fuel for melting iron 1.91
" " slag 3.0
" to supply heat rendered latent during

decomposition of ironstone 3 .42
" ditto during decomposition of linestone, 0.6

17.86
Not accounted for above 8.14

Total 26.0

In the above summary we have taken no

account of the heat carried off by the waste

gases escaping at the mouth of the furnace,

for we quite agree with Mr. Siemens in con-

sidering that this amount is more than bal-

anced by the heat introduced into the furnace

by the hot blast, supposing the latter to be
heated to, say, 1,000°. A simple calculation

will prove this. We have shown that of the

26 cwt. of coke, 23h cwt. would be actually

consumed as fuel (for the amount which
unites with the oxygen of the ore is really

consumed), and of this quantity we have as-

sumed one-fifth or 4.7 cwt. to be converted

into carbonic acid, and the remainder, or 18.8

cwt., into carbonic oxide. The 4.7 cwt. con-

verted into carbonic acid, would require

C~— = 12.63 cwt. of oxygen for their con-

version, whilst the remaining 18.8 cwt. would

combine with —''

=25.06 cwt. of oxy-

gen in forming carbonic oxide. The total

quantity of oxygen required for chemical

combination alone would thus be 12.63 +
25.06 = 37.69 cwt., and of this quantity 8.57

cwt. would be supplied by the iron ore, leav-

ing 29.12, or, say, 29 cwt. to be provided by
the blast. Taking the air as being composed
of 22 per cent., by weight, of oxygen, 77 per

cent, of nitrogen, and 1 per cent, of moisture,

u -as i 29X100
carbonic acid, &c, we have ^ =

131.7, or, say, 132 cwt. of blast as the

amount necessary to furnish the above sup-

ply of oxygen. The specific heat of air

being 0.238, this quantity of blast if heated
1,000°, above the ordinary atmospheric tem-

perature, will thus introduce into the furnace

1,000 X 0.238 x 132X 112 = 3,518,592 units

of heat.

On the other hand, the gases escaping

from the mouth of the furnace consist of 4.4

cwt. of carbonic' acid derived from the lime-

stone, 8.57 cwt. of oxygen from the peroxide

of iron, 132 cwt. of oxygen, nitrogen, &c,
from the blast, and 23.5 cwt. of carbon, com-
bined with the oxygen of the air and that

from the peroxide of iron, in the form of

carbonic acid and carbonic oxide. The total

weight of the gases will thus be 4.4 -f- 8.57

+ 132+ 22.5 = 168.47, or, say, 168£ cwt.

Taking the specific heat of these mixed gases

to be 0.24, and their temperature to be 600°,

we shall thus have 169.5 X 112 X 0.24 X
600 = 2,717,568 units of heat carried off

by them, this quantity being 3,518,592—
2,717,568 = 801,024 units less than is intro-

duced by the blast. To some extent this
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over-plus would no doubt be reduced by the

heat carried off by radiation from the pipes

by the water circulating through the tuyeres,

&c, but we think there can be little doubt
that the heat introduced by the hot blast

will fully compensate for that carried off by
the waste gases.

It may be interesting if we compare our

calculations as to the disposal of the fuel

above given with the estimates given by Mr.
I. Lowthian Bell and Mr. Siemens on the

occasion of the discussion to which we have
already referred. Mr. Bell's estimate was
as follows

:

cwt.
Carbonization of the melted iron 1.0

Melting the iron, and keeping it melted on
the hearth 2.7

Ditto as regards the cinder 4.5

Heat cairied off by the escaping gases 6.36

Heat rendered latent, including the 6.43 cwt.

of carbon combining with the oxygen in

the ore, say, altogether 9.00

Total 23.56

It will be noticed that in the above estimate,

although Mr. Bell allows 6.36 cwt. as the

equivalent of fuel carried off by the waste

gases, he makes no allowance for the heat

introduced by the blast. Assuming, as we
have done, that these two quantities balance

each other, and deducting from Mr. Bell's

estimate the 6.36 cwt. just mentioned, we
get, as a remainder, 17.2 cwt., a quantity

closely agreeing with that shown by our own
calculations. Mr. Siemens' estimate, which
also agrees closely with our own, was as fol-

lows :

cwt.
Melting the iron 1 .60

Melting the cinder.

.

4.13

Heat rendered latent by reduction of ore, 3.19

Carbon for combining with oxygen in

ore and for carbonizing pig metal. . . 7.43

16.35

Ashes and water in coke, 10 per cent 1.63

Calcining the limestone, &c, 10 per cent.. . 1.63

Total quantity of coke required 19.61

Of the 8.14 cwt. of coke per ton of iron,

given in our own estimate as unaccounted
for by the useful work done, a portion is no

doubt expended in supplying the heat lost

by radiation from the furnace, but we have
no reliable data which will enable us to esti-

mate what the amount of this loss will be.

There is, however, little cause for supposing

that it is sufficient to account for the heat

generated by the combustion of about one-

third of the total quantity of fuel, and there

must therefore be some other sources of

waste not sufficiently recognized, but which
it is desirable should be sought after and, if

possible, avoided. The demand upon our

space will not permit us to say more on this

subject here; but we intend to return to it

on an early occasion.

THE MARTIN STEEL PROCESS.

Condensed and translated from a paper published by
Constantin Peipers, Messrs. Martin's represen-
tative in Prussia.

Among the great number of new processes

of steel manufacture invented within the

last decade, the Martin process has been
practically the most successful, and may
perhaps in its further development stand

side by side in importance with the Besse-

mer process. Though not attracting atten-

tion by any new or peculiarly original idea,

it has rapidly come into extensive use by
the great practical value it has for certain

branches of the iron and steel manufacture.

It was on the 4th of April, 1864, when
Mr. Martin, in his establishment at Sireuil,

near Angouleme, first succeeded in making
cast steel on the hearth of a regenerative

furnace. The process was patented in

France on the 10th of August in the same
year. To-day, five years after this first suc-

cessful trial, the process is worked in many
places in France, and has been introduced

into almost all the other industrial countries.

The larger establishments accept and fill

considerable orders for rails and tyres of

Martin steel. Martin, himself, has manu-
factured gun-barrels regularly and without

interruption since 1865. The furnace he
uses for this purpose is producing one and a

half millions of pounds of steel per year.

Thus the process may be considered as a

decided practical success. Also the techni-

cal journals and the highest metallurgical

authorities ' have expressed their belief in

the great future of this process.

The idea on which the Martin process is

based is not new. Heath took a patent on
it as early as 1839.* Numerous experiments

have been made by others in the same direc-

tion, but without decisive success. Though
Martinis not, therefore, the original inventor

of the process called by his name, he has the

great and undoubted merit of having found
out, by numerous and costly experiments,

the right proportions in the construction of

the furnace and gas-producer, the most suit-

* Heaih's patent of 1S45 (see Van Nostrand's Mag., No. 6,

p. 547) more nearly describes it.

—

Ed.
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able materials for the process, and the best

manner of manipulating the same. Martin
has given to the industrial world not a mere
idea, but a complete method of manufacture,

developed in its details, and perfected at a

considerable experience.*

The general principle in this process is

well known, and can be mentioned here in

but a few words. A certain quantity of pig

iron is melted on the concave hearth of a

reverberatory furnace, together with some
slag to cover the iron and to protect it from
the direct influence of the air and the gases.

Small portions of wrought iron are thrown
successively into this iron bath, which ope-

ration is continued until a test taken from
the furnace shows that the whole mass of

iron possesses the softness and other proper-

ties of wrought iron. This melted soft iron

is finally reconverted into steel by the addi-

tion of a well proportioned quantity of pig

iron. The heat necessary for these opera-

tions is partly furnished by a regenerator

connected with the reverberatory furnace.

The wrought iron to be added may consist

of hot puddle-balls just obtained from a

neighboring puddling furnace; or wrought
iron scraps may be used, being previously

heated in a separate furnace, or by the

waste heat of a heating furnace. The pro-

duct of the process is tapped and run into

molds, or cast into any required shape.

We intend to show, by the following re-

marks, what relative position the Martin
process will occupy to the other modes of

making cast steel now in use ; how its re-

sults and products compare with those of the

crucible and the Bessemer process ; and how
the new process, in remedying some of the

disadvantages of both the above, fills a gap
between them, and can be made useful to both.

It is hardly necessary to mention that the

Martin process is a much cheaper method of

making cast steel than the usual crucible

process. It compares in cheapness, under
favorable circumstances, even with the Bes-
semer process, with which it has in a few
instances come into actual competition.

Though mostly used as yet for the produc-
tion of larger masses of steel, the Martin
process is capable of producing also the

finer and harder kinds of steel for tools and
cutting instruments, though not of a very
superior quality.

The best crucible steel is made in West-

* If Martin added enough to a process that had been aban-
doned to make it practicable, the patent for his invention
is of course valid —Ed.

phalia, and partly also in Austria, by melt-

ing wrought iron together with cast iron.

The same thing is done in the Martin fur-

nace, which is in fact a large crucible, the

metal being protected by a layer of melted
slag. As, however, this process, when car-

ried out in the crucible, requires but nine

per cent of pig iron, the Martin process on
the other hand using from 30 to 50 per cent,

the products of the latter are liable to be
somewhat less pure and of a lower quality

than those of the crucible process, when
worked with similar raw materials. But
this can be remedied to a considerable ex-

tent by the use of chemicals, which Mr.
Martin has used for this purpose with emin-
ent success. Thus the Martin process will

enable the cast steel manufacturers to pro-

duce their ordinary kinds of steel, which are

the most in demand, at a very much lower

cost than before. Another circumstance
that will lead them to introduce the Martin
process is this, that it offers a greater secur-

ity for producing exactly the required de-

gree of hardness than the crucible process.

The latter uses a good many materials, the

composition or qualities of which cannot al-

ways be exactly known, and it does not pre-

sent any facility for testing the product be-

fore it is poured. In the Martin process,

on the contrary, samples can be taken at

any time from the steel or iron bath, and
the composition of the baths can be easily

altered, until it has obtained the desired

qualities. The softest kinds of steel which
it is so difficult to produce in crucibles, can

be made in the Martin furnace with the

same degree of security as the harder kinds,

avoiding at the same time all the losses and
irregularities often caused by the cracking

and breaking of crucibles. It is therefore

to be expected that the cast steel manufac-
turers will, for the greater part of their pro-

duction, replace the crucible melting by the

Martin process.

When compared to the pneumatic process,

Martin's method may be said to furnish pro-

ducts equal in quality to the best, and su-

perior to the ordinary makes of Bessemer
steel, supposing similar raw materials to be

used. This is owing, in the first place, to

the above mentioned facility of controling

the operations in a Martin furnace. The
samples taken from time to time show the

condition of the metal at any moment, and
indicate exactly the point when the metal
resembles wrought iron in its qualities, and
when it has to be recarburized by a certain
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weight of pig iron. After being recarbur-

ized the metal is kept in the furnace three-

quarters of an hour to effect an even distri-

bution of the carbon, thus insuring a per-

fectly uniform product. During this time

the metal has ample time to complete the

boil, to discharge all the gases generated in

its interior by the previous reactions, and to

settle down, forming a quiet homogeneous
bath. After this it pours without bubbling,

and produces ingots free from cavities or

flaws. A sample taken a short time before

pouring gives a perfect assurance in regard

to its qualities. The tapping of the metal

can be done in a larger or smaller stream,

as required, thus allowing of its being pour-

ed into large molds or used for small castings,

for which it is well adapted.

The fitness of a pig iron for the steel

manufacture depends principally on the per-

centage of phosphorus it contains. As
puddling purifies pig iron from phosphorus

to a considerable extent in converting it

into wrought iron, the Martin process, in

using this purified wrought iron must also,

from this reason, produce a better quality of

steel from the same pig iron than the pneu-

matic process, by which a purification of this

kind is not effected. This makes it possible

that the Martin process may be worked with

success in districts which produce a pig iron

not sufficiently pure to make a good Besse-

mer steel, and from which the Bessemer
process is consequently excluded. The
plant required by the latter is, besides,

much more expensive.

These considerations may be apt to induce

Bessemer works, in whose interest it is to

monopolize the production of the larger

steel castings, to erect Martin furnaces for

the purpose of making such castings of a

better quality and more perfect soundness.

But the Martin process is, besides, in ano-

ther respect, of great value to Bessemer
works, by its being eminently adapted to

use up all their scraps, spillings and cut-

tings in the most advantageous manner that

can be imagined.

The greater the progress and the exten-

sion of the manufacture of Bessemer rails

and Bessemer tyres, the greater importance

will the Martin process acquire, because it is

adapted and necessary to work the old ma-
terials up again.

The Martin process cannot directly make
a good steel from inferior pig iron. The
pig iron it uses as such must be pure. But
it can use to about equal advantage gray

iron, spiegeleisen or white iron. Spiegel-

eisen, which plays such an important part in

all the branches of steel manufacture, is also

in the Martin process of a very high value.

The results obtained with it, when used for

the first bath in the Martin charge, were
astonishing, the products combining a great

natural hardness and solidity, with a high

degree of toughness.

A Martin furnace can be worked together

with puddling furnaces to great advantage,

in which case a separate heating furnace can

be dispensed with. The iron in the puddling

furnace can, immediately after the boil,

be taken into the Martin bath. This way
of operating presents an excellent opportun-

ity for the use of chemicals to purify and
improve the products. For the pasty con-

dition of the puddled iron, before being

balled, makes it well adapted to be mixed
with all kinds of chemical re-agents, which
afterwards come in very intimate contact

with the steel bath when the iron is thrown

into it. Martin has made extensive experi-

ments in this direction with remarkable suc-

cess, especially in working inferior brands

of pig iron. This process offers, in general,

greater facilities for the use of chemicals

than any other method of making steel, and

is therefore highly capable of being im-

proved and perfected by new inventions,

which quality still more insures its future

importance. S.

RAILWAY DISASTERS-THE CAUSE.

Taking the verdict of the Coroner's jury

in the late Long Island llailroad disaster as

a text—a broken rail—"The Engineer"
observes that such casualties in America are

usually attributed to bad Welch rails, ad-

mits that much very bad iron has been sent

us thence, and concludes, first, that it is

"criminal" for American managers to buy
iron that they know to be unsafe, and, 2d,

that American rails are " ill used." This

authority further says

:

The exceptionally evil influences to which

track is subjected in America may be classed

under two heads ; defects in the method of

laying, and defects in the rolling stock. And
here we may add that bad rolling stock

causes quite as many accidents in the States

as bad track.

As regards defects in the method of lay-

ing, it will suffice to state that, with excep-

tion of a few first-class lines on which acci-

dents rarely occur, ballasting is nearly un-

known. The consequence is a continually
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recurring irregular subsidence of the line,

which renders it impossible that the rails

can be equally supported at intervals through-

out their length. In many cases, it is cer-

tain that double the proper distance practic-

ally intervenes between chair and chair, or

sleeper and sleeper.* We need not stop to

point out how severe a strain this throws on
the rails. Furthermore, fishing is almost
unknown, and rails are laid so badly, and
keyed into the chairs after so slovenly a

fashion t that they are exposed to a great

deal of unnecessary pounding and hammer-
ing, sufficient under the circumstances to

deteriorate any rails. If the substructure

of American roads were better we should

have fewer complaints regarding the bad
quality of superstructure, that is, of the

rails.

We have said that defective rolling-stock

contributes to the destruction of rails in

America, and we may repeat that it is quite

as fruitful a source of disaster as the bad
quality of rails. We constantly read in the

American papers of fearful catastrophes due
to the bursting of track. In the great ma-
jority of cases rails in the States are broken
laterally, not vertically. Now it is claimed
for the American bogie car that it, beyond
all other machines, runs lightly. How is it,

then, that track is so often burst ? How is

it that derailment is so common an occur-

rence in the States ? We are always told

that the fault is in the track, yet it has been
proved over and over again that the track

was good and sound, and that no ordinary

violence must have been exerted to break it.

All this while, too, no one has questioned

the merits of the American car, with its

bogie at each end
;
yet in this system of con-

structing rolling-stock there is reason to be-

lieve that the seat of much of the mischief

lies. The Willow Tree accident supplies us

with a case in point. After carefully peru-

sing the evidence, we are led to the conclu-

sion that the verdict we have recorded above
is wrong ; and one juror, Mr. Pearsall, after

the rendition of the verdict, read the follow-

ing statement as his positive belief in the

matter

:

"As one of the jurors sworn to inquire into all

the facts and circumstances attending the deaths of
William C. Rushmore, &c, I do find that the said

* This is a very unusual defect in American track.
Indeed, sleepers are often laid too close for proper
tamping.

—

Ed.
f That is to say, not keyed into the chairs at all,

the chair being, in most eases, a mere resting for the
rail ends.

—

Ed.

persons came to their deaths from an accident to
the car in which they were passengers, the car being
thrown from the track, and from all the testimony
in the case I am unable to arrive at the cause of
the accident."

And he and other jurors added that they

could not find anything peculiarly defective

in the road, or likely to lead to the accident.

There appears, indeed, to be no doubt what-

ever that the car which left the track got off

first, ran for more than a hundred yards on
the sleepers, and then broke a rail. Under
such circumstances, it is obviously wrong to

say that the bad quality of the rail had any-

thing to do with the catastrophe.

The fact is, that bogies, as often fitted to

American railway carriages—we beg pardon,
" cars "—are very liable to get off the track.

It is not unusual to make the wheel base of

each bogie shorter than the distance between
the rails. The conseqnence is, that the bogie

runs with a sinuous movement, alternately

jostling right and left. The cast-iron wheels

are not always properly matched in diameter,

and thus a constant tendency may exist for

one side of the bogie to outrun the other.

The cars are not coupled up tight in the

train as with us, and they therefore cannot

steady the wandering bogie. No one part

of the train is a check on the rest, and there-

fore the chances of derailment are greatly

multiplied. We need hardly stop to point

out how severely the " wobbling " of a pair

of short bogies stuck at each end of a tre-

mendously long carriage, itself oscillating,

must try the lateral strength of any track.

Yankee engineers are disposed to laugh at

our four-wheeled carriages, and to call us

behind the age. We fancy that they would
find it worth while just to try some "of our

rolling stock for a while. They have some-

thing to learn yet at the other side of the

Atlantic from English engineers.

In conclusion, we may state that a letter

on the Willow Tree accident, written by a

Mr. Wood, has recently appeared in the

"New York Times," which bears American
testimony to the cogency of not a few of our

arguments, as will be seen by the following

extracts :

"As a resident landed proprietor along the line,

permit me to write a few words with regard to it.

The true solution of the matter is that the driver

was going at unusual speed, and the last car oscil-

lated from the track, striking and rebounding from
the sleepers as it was dragged along, until it loos-

ened a rail which jumped up and had its end caught
in the truck-work of the car, which, still being-

urged on, bent and broke the rail in five places !

" Hie true remedyfor such mishaps ispiroper coup-
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lers, szich as the English have, or better still, Mil-

ler's automatic coupling, used by the Erie and other

great companies. Horrible as was the loss of life,

it is well it was no worse under the circumstances

;

but until more effective means of retaining the cars

on the track when running at high speed be adopted,

such will periodically occur, though I believe the

risk was and is aggravated on the Long Island Rail-

road by bad spiking, inferior iron, deficient ties, and
a scamping of the work generally."

" The Engineer " is obviously not aware

that the spread truck is usually employed,

rather than the short truck, the defect of

which it correctly points out. The merits of

a properly constructed truck, as compared
with a wheel-base the entire length of a

car, are evident on mechanical principles, and
besides this, they have been proved on the

Canadian lines where the two systems have

been used side by side. But the dangers

arising from unmatched wheels, and espe-

cially from the want of the close, tight coup-

ling of car to car, are very great, and should

be more seriously and widely considered by
our railway managers.

IRON FOUNDING.

" CASTING IN OR ON " TO THE SAME OR

TO OTHER METALS—CONSTRUCTION OF
FRAMES AND RAILINGS.

From "The Practical Mechanic's Journal."

When we say other metals, we practically

mean cast iron, wrought iron, or steel, for

no other metals occurring on the large scale

in the arts have fusing temperatures such as

admit of the processes about to be referred to

being applied to them. Occasionally, though

rarely, a few substances, not metallic, may be

perhaps usefully treated, by the methods of
" casting in or on"—for example, grit-stone

or blocks of emery might be run round with

cast iron so as to unite these into large

grinding plates or cylindric surfaces and the

like ; but these are out of our way just now.

Whenever liquid cast iron, of whatever

kind, is brought into contact with a compar-

atively cold surface of good conducting ma-
terial, it is, as we have already seen, more
or less " chilled;" its texture is altered, its

hardness increased with its absolute cohe-

sion, but its toughness diminished. This

occurs more or less whenever a piece of

wrought iron, or of steel, or of cast iron, cold

or but moderately heated, is laid into a sand
or loam mould, and the liquid iron which
fills the mould comes into contact with it.

Conversely, the wrought iron or the steel

(and even less completely, and with some-

Vol. I.—No. 8.-47.

what different conditions), the cast iron with

which the liquid cast iron has been brought

into contact, and with which it has to cool

slowly, and at the same rate, have their

molecular status changed also. The wrought
iron loses in ultimate cohesion and likewise

in toughness, and new crystalline arrange-

ments are formed within its mass, which, on

the whole, deteriorate it as a structural ma-
terial. Changes of like character are pro-

duced in steel, but not to the same extent,

and tend rather to the enlargement of its

constituent crystals than to materially in-

jure it as a structural substance.

Theory alone would thus appear to place

its ban upon any such operation as " casting

in or on," and in some cases the verdict of

mere theory would be approved as true, in

its application to practice. Yet there are

very many cases occurring in the every-day

work of the iron-founder and mechanical

engineer, in which the convenience and the

economy of this method of uniting the met-

als are so great, and the changes induced

upon both so unimportant, that theory is

wisely overlooked or overridden in practice.

Before alluding to some of these, let us take

a glance at some of the cases in which theory

ought to be our guide here, and in which

the neglect of it is nearly certain to bring

the practician to grief. This will be the

case whenever it is important that the full

and undiminished strength and toughness of

both metals, the wrought iron and the cast

iron, should be preserved.

The " crucial instance " of a case in which

this is indispensable may be said to be found

in the construction of artillery, machines in

which every particle of the constituent mate-

rial is simultaneously strained in three direc-

tions at right angles to each other, and by
force suddenly or impulsively applied, and

always so great as to bear a large ratio to

the ultimate or crippling strain of the metal.

Here, then, of all others, is the case in which
" casting in " should have been avoided. Yet
the method of making cannon by casting-

bronze or cast iron round a wrought iron or

steel interior tube 'has been again and again

proposed and often tried. In the older days

of iron metallurgy, when these subjects were

less distinctly understood, and when want of

good tools gave some strong inducements, on

economic grounds this method was excusable.

The very same proposition has been but re-

cently revived, however, by Major Palliser
;

and it was not before a large gun was blown

to pieces at, we believe, the first round, at
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Woolwich, that the inventor, -with infinite

candor, publicly declared that thenceforth

he abandoned his method (which was not his,

in fact), and conceded his adhesion, when
too late, to the indications of theory. We
are not always called upon to provide for

such strains as cannon are exposed to, but

whenever the strains upon any machine or

structure arc severe, and especially when
they are impulsive, we shall do well to avoid
" casting in."

Yet cases continually occur in practice

where, even upon a very large scale, this

method of combining the metals by laying

the wrought iron into the mould and casting

the cast iron round it, may be practiced with

advantage and safety.

Thus, for example, in some of the great

iron latticed viaducts upon the Commentry
and Gannat branch line of the great Orleans
system of railways in France, Mr. Nordling,

C. E., the engineer-in-chief, has adopted the

suggestion made to him by M. Eiffel, the

founder and contractor for the iron-work of

La Sioule Viaduct, and has united the cor-

ner or gusset plates of wrought iron with the

cylindrical columns or shafts of the iron

piers (which are of vast altitude), by casting

the former into the cast iron of the columns.

The success of the process appears to be
complete in this instance. Here the mass
of cast iron in immediate contact with the

wrought iron is relatively large. There is,

therefore, no very serious deterioration pro-

duced in the cast iron, which is the metal

the more obnoxious to injury of the two
;

and on the other hand, the margin of safety

allowed in all parts of these structures, and
more particularly in the mass of these gusset

plates, admits of some deterioration in the

wrought iron constituting them, without run-

ning any risk.

To pass to the other extreme in point of

dimension, we see this method in continual

use amongst the founders of ornamental cast-

ings, such as light balusters, balcony panels,

&c, into the sand moulds for which are laid

short pieces of iron rod or wire, which, when
"cast into" the extremities of these cast-

ings, become the means by which they are

united by screw nutting or by riveting with

the hand-rails and other parts of the archi-

tectural structures into which they enter.

Here, as both cast and wrought iron are

small in scantling, and the subsequent strains

,

are small, some loss of strength or toughness
can be afforded in consideration of economy.

Our chief aim now is to point out how

largely and advantageously this method may
have its use extended, and to give some
examples. Let us first, however, recur in

some degree to theor}7
, and in the way of

correcting a very prevalent error amongst
many who might be presumed to know bet-

ter, as to what can be effected by this

method of casting in. It has been supposed
over and over again that additional strength

and toughness may be conferred upon cast-

ings in iron, by including in their interior a
wrought-iron skeleton, which the cast iron,

when run around it, shall clothe with itself,

as the flesh encloses the bones of an animal.

Thus, to quote but one example, several

years ago, in the early days of railways, the

late Mr. George Forrester, of Vauxhall
Foundry, Liverpool, patented a method for

making improved cast-iron wheels for rail-

way wagons, by riveting or welding together

in a rough and cheap way, a sort of skeleton

wrought-iron wheel. This was tinned or

galvanized, and after having been warmed,
was laid in the dry sand mould, and the cast-

iron wheel was poured and formed around it.

Such wheels, proved admittedly to be no
better than if simply of cast iron, probably
were not nearly as good as a well-made

American chilled rim cast-iron wheel, and
probably were in reality rather worse than

the same cast wheels would have been minus
their wrought-iron bones. It may be ac-

cepted as a fact, that no real accession of

strength can be thus attained in any casting,

if the cast iron be good soft gray or mottled

metal ; inasmuch as the extension per ton

per inch of such, is actually greater than

that of wrought iron for the first ton or two,

so up to that limit at least the whole strain

will come upon the one material only, helped

by the slight surface adhesion of the two.

Both materials also are in a state of initial

strain more or less, dependent upon their

diverse coefficients of contraction and their

differences of temperature at the instant of

consolidation of the cast iron. If, again, the

cast iron be rigid and harsh, white or chilled

or light mottled iron, then the whole strain

is one of the two ; and so these wheels, if

made hard enough to have a tolerably well-

wearing rim or tread, might break all to

pieces, and all that the wrought-iron skeleton

inside could do would be more or less imper-

fectly to hold the fragments loosely together.

A remarkable and not uninstructive example
of this was seen in 1867 at Paris, at the

Great Exhibition contest between the bank
safes of Mr. Herring and Mr. Chatwood.
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The former maker fills the space between
the outer and inner wrought-iron or steel

plates of his safes with a plate of intensely

hard Franklinite iron, poured in while in

fusion. This is so hard that it cannot be

drilled by ordinary means, but it is also ex-

tremely brittle, more so, apparently, than

any ordinary white or chilled iron. As an

alleged remedy for this, the Franklinite was
cast upon or around a sort of network of

tough wrought-iron cylindrical rods of about

T
5̂ -inch diameter, and it was affirmed that

these conferred upon their hard and brittle

surroundings their own toughness. When,
however, plates of this combined material

were broken up, which a few blows from a

heavy hand-hammer were enough to effect,

they proved just as brittle as ever. The
dislocated fragments, it is true, or some of

them, hung together, though more or less

separated, by means of the reticulation of

tough wrought-iron wires, and whose tough-

ness did not in this instance seem to have
suffered much change ; but the plate as a

whole broke up readily as before, and ad-

mitted of fragments being beaten out of it.

In Mr. Kirkaldy's museum at his testing

works, Southwark, is a heavy cylinder of cast

iron of very fine quality, in the middle of

which is seen a very heavy concentric cylin-

drical bar of rather rigid wrought iron, cast

into it. The original proprietor of this nota-

ble compound bar, of whom we know nothing,

it appears brought it to be tested, and re-

quested that the proof should be only carried

up to some few tons per square inch, the

allegation being that the cylinder was of

some*secret and improved cast iron. Arrived
at this limit, the extensions appeared so

strange to the experienced eye of Mr. Kirk-

aldy, that he resolved to go on a Voutrance,

and so broke or pulled the cylinder in two,

when, to the disgrace of some " person or

persons unknown," the big wrought-iron bar

was discovered in the middle. It was this

bar, in fact, that was bearing nearly all the

strain for the first few tons, and the cast iron

when broken showed itself no better than
common. It was creditable to the experi-

menter to have thus detected a disgraceful

attempt at a quat-A scientific fraud, but, be-

sides the moral, we may draw also the phys-
ical lesson which we have been otherwise

inculcating, from the result.

We thus may take it for granted that no
increase of resistance, of any industrial

value, at least, can be secured by trying to

combine dast iron and wrougt iron or steel,

by casting in, or one within the other. The
advantages of casting in are limited, in real-

ity, to economy, rapidity of execution, and
convenience. We shall see that incident-

ally, however, in the case of wrought-iron
structures, such as iron railings, or, as our
French readers will better understand,

grilles, certain additional advantages are

secured.

The two following examples will at once
illustrate the methods of practically employ-
ing the "casting in or on" process, and
point out two of the chief classes of manu-
factured objects to which the process may
with most advantage be applied. We shall

take, first, the patent secured some years

ago by Mr. David Moline, for a method of

producing window sashes or frames by com-
bining wrought iron with cast iron. The
" muntins " of these sashes are foi-med of

rolled wrought-iron bars in any of the usual

rabbated sections fitted to receive the glass.

These are cut or shorn off into appropriate

straight lengths, equal nearly to the straight

(or curved) sides of the panes. An iron

pattern moulds the entire sash in the sand

;

when it is withdrawn, these straight pieces

of iron sash-bar are laid into their respective

places in the sand mould so that their ends

approximate, four such coining together at

Sach intersecting point, if the sash have
square or rectangular panes. A boss or

patera is moulded at each such intersection,

ornamented or not, but of sufficient size to

embrace the four disconnected ends of the

wrought-iron bars, and when cast in iron, to

solder or unite these together into one.

These bosses are then "poured," either

simultaneously by the aid of a compound
"runner," or one or more at a time; the

sash is then complete, all the loose pieces of
" muntin " being so united together. They
are extremely strong, may be made very or-

namental, and have immense advantages,

both in manufacture and in use, over the

older sashes wholly of cast iron, in casting

which it was always extremely difficult to

preserve a light and large "muntined " sash

free from bending, distortion, or fracture of

some of the "muntins" while cooling, and
the whole affair, if large, was so fragile as

to scarcely bear transport, and to offer no

resistance to violence.

The older and wholly wrought-iron sashes,

on the other hand, in which the " muntins "

intersected, and were united by "halving"

or riveting to each other, were neither neat

nor cheap.
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Excellent examples of these improved

sashes may be seen in the windows of the

Ludgate Hill Station buildings of the Lon-

don, Chatham and Dover llailway Station,

in the front of the new Covent Garden The-

ater, and in many other places in London.

Casting wrought-iron pieces together in

this sort of way is plainly not confined to the

production of sashes. In fact, it has been

employed, with excellent effect, by Mr.
Thomas Page, C. E., in the production of

two or three different classes of wrought-iron

trellis railing, or fence, at the Chelsea Sus-

pension Bridge, London, and its use in this

direction might be largely extended with

advantage.

The other example to which we shall refer

is that of the grand line of grille or railing

which extends for about 1,600 feet in a

straight line, and forms the northern side of

Nassau street, in Dublin, separating that

from the park of Trinity College. This was
designed by and executed under the direc-

tion of the writer. It consists of a succes-

sion of cast-iron perforated pilasters, of orna-

mental open work and work in relief, with

caps and bases, and sustained by two scroll

struts at the rear, at intervals of about 50
feet. These are " cramped," i. e. run with
an alloy of lead and zinc, into the granite

continuous base. The spaces between these

are filled up by the grille, consisting of a

flat wrought-iron horizontal top and bottom
bar, each in one length, of upright round
bars of wrought iron, and of cast-iron orna-

ments cast on to the same, which here form
structural parts of the work.

In the production of this large quantity

of railing, not a single piece of wrought iron

was ever heated or put into the smith's fire.

The top and bottom bars were rolled to the

right length, and punched cold—the top one

with 1^-inch holes, all to let the vertical

bars pass through them ; the bottom one

with five successive holes of § diameter, and
then one of \\ diameter, alternately. The
round bars were ordered in two different

lengths, five-sixths shorter (about 7-| ft.),

and one-sixth of them longer. Every sixth

vertical bar passes through both the top and
bottom horizontal bars, and for nine inches

into the granite base, into which it is zinco-

leaded, the lower end of the vertical bar

passing through a hollow cusp, or foot-block,

upon the top of which the bottom bar rests.

The shorter bars are riveted cold through
and at the bottom side of the lower horizon-

tal bar, and pass through the upper one.

All the vertical bars being prepared and
straightened perfectly by hand, the one-sixth

longer being mere round bars of the proper
length, and the five-sixths shorter with the

bottom and neck collars, were then laid into

sand moulds, in batches of twelve in one
" box ;" and the bottom and top ornaments,
being moulded from hollow iron patterns,

made to fit the wrought-iron pattern bars,

and to keep their proper places and relative

distances by means of steady pins, were then
" cast on " to them. The top ornaments and
then the bottom ones of each batch of twelve
bars were "poured" simultaneously, and
the sand was at once stripped off; the bars
being all separately taken out, and the thin

"gates" knocked off, which was all the
dressing these ornaments required, or, in-

deed, admitted of ; for though cast from soft

gray pig, they were, by reason of their small
relative volume, quite chilled through. Very
few broke in cooling ; very few were bad
castings—and these were broken off from
the bar by a blow or two of a hammer, and
again others east on. The hollow or open
(as to design) halbert heads which complete
the railing at top, were cast in green sand,

and cored to drop on loosely to the top ends
of the vertical bars, and so admit of being
zinco-leaded on to the same.

Now, to erect this railing, the vertical

bars were put into position, with the bottom
horizontal bar, all laid flat into a wooden
framing made to keep them in position and
to clamp them so, until the whole sheet was
hoisted into place. All the bottom ends of

the collared bars were then riveted to the

bottom horizontal bar. The " cusps " (being

in place over the holes "jumped" into the

granite base, the whole sheet and frame was
hoisted up by two tackles, and the longer

bars dropped through the " cusps" into the

holes in the base, the ends of the horizontal

bar being inserted into the mortices in the

pilasters, in which they were held fast,

though free to expand and contract within

these. The top horizontal bar was then

dropped over the tops of the vertical round
bars, until it rested upon the uppermost part

of the top "cast-on" ornaments. The hal-

bert heads were then dropped over the pro-

jecting tops of the vertical bars ; the vertical

bars, which were in the holes in the stone

base, were zinco-leaded into same ; the hal-

berd heads were likewise so secured to the

tops of the vertical bars, and then that length

of railing was complete. A scroll rear strut

corresponding with those of the pilasters
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was secured at the middle of each length, so

that there are thus struts at every fivc-and-

twentj feet, or thereabouts. If we have

succeeded in making clear to the reader the

processes followed, he will have recognized

how small was the amount of workmanship
expended in the production and erection of

this railing. In reality it did not, upon the

wrought-iron portion, amount to more than

about 40s. per ton of the material.

The entire economy here was due to the

application of the method of " casting on,"

for that alone permitted of all the other

structural details being carried out.

One great advantage resulting from this

method of construction is the possibility of

dispensing with "leading on" the cast-iron

ornaments as commonly practiced. So put

on, every lead collar is an electro-negative

galvanic element, increasing the tendency of

the iron to rust, and causing the corrosion

to be local and locally -powerful. With
many designs it would be practicable to dis-

pense with the use of "cramping " or lead-

ing altogether. With that we have described

this might have been done, at a little greater

expense.

The writer, however, had proved experi-

mentally that an alloy of zinc and of lead

may be formed, whose galvanic relations to

iron are much more nearly those of zinc

itself to iron, than those of lead to that

metal, and in fact such as not to cause any
fear from its local increase of corrosion on
the iron of railing. This alloy he adopted
in place of lead, for what he has called the

zinco-leading or " cramping " together, and
the result has justified his experimental pre-

visions, for after twenty-six years, and not

more than four coats of dark green paint

during the time, there are no signs of local

corrosion whatever. Zinc itself would be
best of all as a "cramping" metal, but it

runs too thick and drossy to form a close or

safe junction.

In some ornamental railing recently erect-

ed at Westminster, the uprights are secured

without leading to the granite, by iron studs

and screws and by Portland cement. This
is, however, a bad plan; one may say " out

of the frying-pan into the fire," for the bond
of the thin plate of Portland cement is cer-

tain to be broken by the expansion and con-

traction of the metal, and then water will

find its way in by capillarity, rust will form
between, this will, as usual, expand in vol-

ume as compared with that of the metal from
which it has been produced ; and the railing-

will be lifted up or the base claws broken

by it, or by the expansion of water frozen

between the joints which it shall have en-

tered.

The points upon which we have here been
treating are wholly those of the practical

ironfounder, and of the founder in one of

his humblest capacities, namely, as the ser-

vant of the architect and builder. It is to

be hoped that enough has been put before

the reader interested in the founder's art,

however, to impress upon his mind the ad-

vantages he may occasionally derive from
the method of "casting on," and to indicate

the cases in which and why it should be

shunned, and also some of those in which it

may be employed with a value and profit

proportionate to the skill devoted to its spe-

cial adaptation.

HISTORY OF DECARBURIZLNG IRON.
No. V.

MALLEABLE IRON AND STEEL SCRAP AND
CAST IRON MIXED AND PUDDLED
ALSO ALLOYING OTHER METALS WITH
IRON.

Stirling, John Davie Morries.—
1848. October 12. No. 12,288.

" Improvements in the manufacture of iron and
metallic compounds." The patentee, after refer-

ring to his letters patent of June 29, 1846 (see No.
11,262), describes his improvements in the manu-
facture of malleable iron and alloys of iron and
other metals. 1st, in making malleable iron, he
adds malleable iron scrap in proportion of from
JL to A, or even i by weight to white pig

iron in the pig bed, or otherwise, and the mix-
ture is then boiled and puddled so as to

thoroughly incorporate the whole together. An-
other mode of mixing, which is preferred, is to

melt the malleable and cast iron in a suitable

furnace, and then run the liquid mixture into the

puddling furnace ; the expense of refining iron is by
these processes avoided. If good qualities of cast

iron be employed, larger proportions of malleable

iron should be used. Refined iron may, if required,

be also combined with malleable iron scrap. Steel

scrap also improves the quality of the iron. To
produce an alloy of malleable iron less fibrous and
harder than the common iron, block tin or groin

tin may be added in proportion of from -4^ to T *
ff

by weight to any of the above mixtures ; bismuth,

antimony, and arsenic may be similarly used, and
also zinc and copper, which produces a hardening

effect, and manganese, which gives a steely charac-

ter to the iron. An alloy of zinc and iron is pro-

duced by introducing zinc into the cupola furnace

when the charge has been lately run out; the zinc

combines with the iron left adhering to the sides of

the furnace, and forms a mixture which should con-

tain from 4 to 5 per cent of iron ; if it be fouud to

contain less more iron should be added. The speci-
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1849. January

fication .also describes a method of making an alloy
|

under pressure, to a closed ashpit, and thence in

resembling gold from zinc, iron, copper, and man-
ganese, which is called British gold; also an alloy

of copper and manganese; also an alloy of zinc,

iron, and copper, and nickel, and manganese
resembling silver.

[Printed, 5d. See '• Repertory of Arts," vol. 16 (enlarged
series), p 42; "Artizan," vol. 7, p. 231; "Patent Jour-
nal," vol.7, p. 12; "Mechanics' Magazine," vol. 50, p.

381.]

ore and scoria moulded into bricks
for puddling furnace lining.

Williams, George.
13. No. 12,410.

"Improvements in preparing puddling furnaces
used in the manufacture of iron." Iron ore and
scoria are ground to powder and mixed with water,

so as to form a kind of paste. This is moulded into

bricks or slabs or other suitable shapes, dried and
baked, and used as a lining for the sides and bot-

toms of furnaces.

[Printed, 6d. See "London Journal" (Newton's), vol.35
(conjoined series), p. 19; "Mechanics' Magazine," vol.

51, p. 06; "Patent Journal," vol. 7, p. 173.J

PUDDLING FURNACE WITH TWO CHAM-
BERS; AIR AND STEAM JETS^IN PUD-
DLING.

-1849. July 18. No.Plant, Reuben. -

12,706.

" Improvements in making bar or wrought iron."

The object of the invention is to regulate the heat

during the process of puddling iron. A puddling
furnace is described having two cbambers, a pud-
dling and a preparatory chamber, with a damper
between them. Hot or cold blasts of air and jets

of steam are used, as described, for regulating the

heat in the chambers respectively.

[Printed, 9d. See "London Journal " (Newton's) vol. 36
(conjoined series), p. 173; "Patent Journal," vol. S, p.

212; "Mechanics' Magazine," vol. 52, p. 01.

J

air heated by the bridges and sides
of a furnace and forced into its

closed ashpit.

Prideaux, Thomas Symes. — 1849.

August 30. No. 12,750.

" Improvements in puddling and other furnaces."

Firstly, a puddling furnace is described having a

closed ashpit to which air is supplied under pres-

sure. The air is conducted through tjijJes or pass-

ages regulated by cocks or valves under the bottom
of the puddling furnace and through the bridges, so

that it becomes heated, and the sides and bottom of

the furnace and bridges are cooled. The heated
air is thus forced into the closed ashpit, and intro-

duced into the furnace, or it may be introduced
through openings in the sides of the furnace.

Secondly, a smelting furnace is described, hav-
ing a fireplace in the front, and behind that a kind
of crucible, and behind that a smelting chamber
into which the ore is introduced through a hopper.
The smelting chamber communicates with a chim-
ney. Air is forced through suitable passages
formed in the brickwork ol the lower part of the
furnace, and is supplied in a heated state, and

troduced into the furnace.

[Printed, lOd See " Repertory of Arts," vol. 16 (enlarged
series), p. 25 ;

" Mechanics' Magazine," vol. 52, p. 191
;

"Patent Journal," vol. 8, p. 270-1

PUDDLED STEEL—ALSO, DEC ARBURIZING
CAST IRON BY HEATING IT ENVEL-
OPED IN CLAY, AND BY PASSING AIR
OVER IT WHILE HEATED.

Riepe, Ewald.—1850. Jan. 29. No.
12,950.

"Improvements in the manufacture of steel."

These consist, firstly, in a peculiar manner of work-
ing the puddling furnace. A charge of about 280
lbs. of pig iron is introduced and raised to a red
heat, when the fluid begins to melt the damper is

partially closed to lower and regulate the heat.

Twelve or sixteen shovelsfull of slag or cinder iron

are then added, and the whole melted down. The
mass is then puddled with a little black oxyde of
manganese, common salt, and dry clay ground to-

gether. After the mixture has been acted on for

some minutes the damper is fully opened, and 40
lbs. of pig iron (or if the ore be sparry iron ore, 20
lbs.) are added, and melted with the charge at a
cherry-red heat; as to this part of the process

minute directions are given.

Secondly, pig or alloys of pig and wrought iron

are cast into thin bars | to f inch in thickness,

these are enveloped carefully in best plastic clay

and heated in a furnace for from one to three days,

until they are converted into steel. A suitable

furnace is described for this process.

Thirdly, the iron bars cast as above described are

placed in a cylinder made of fireproof stones so as

to allow a stream of atmospheric air to pass through
and touch freely all the bars. The cylinder is

bricked up at the end, as described, and the bars

heated until they are converted into steel.

[Printed, 7d. See "Repertory of Arts," vol. 16 (enlarged

series), p. 222; "London Journal" (Newton's), vol 37
(conjoined series), p. 175 ; "Mechanics' Magazine," vol.

53, p. 96.]

MAKING STEEL BY MELTING ORE, STEEL
AND WROUGHT IRON TOGETHER.

Onions, William.— 1851. February

7. No. 13,490.

" Improvements in the manufacture of steel."

These consist in melting certain matters together

and running the product into castings directly, and
then annealing them. Two parts by weight of

hematite ore with four parts by weight of common
steel, and 94 parts of iron made from Cumberland
or other like ores, are placed in a crucible and
melted. The metal, instead of being run into in-

gots, is run at once into moulds of the required

shapes. The castings are then annealed, and are so

rendered malleable, when they may be treated in

like manner to articles made of ordinary steel.

The annealing is carried on in like manner to that

resorted to in annealing articles made of cast iron

from Cumberland and similar ores, whereby they

are rendered malleable. Articles like bars, about

an inch square, should be raised to a red heat in 24

hours, and maintained at that heat for about 120

hours, and then gradually cooled. Cast-steel arti-

cles so made may be cut or dressed or partially
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Formed and tempered like articles made of ordinary

steel.

[Printed, 3d. Sea "Repertory of Arts," vol. IS (enlarged

series), p. 331; " London Journal" (Newton's), vol. 39

conjoined series), p. 344 ; "Mechanics' Magazine," vol.

55, p. 136 ;

'• Patent Journal," vol. 11, p. 231.]

Note.—The effect of the small percentage of ore

must be to slightly decarburize the iron and steel.

PIG IRON BOILED WITH ORE AND CAR-
BONACEOUS MATTER MIXED, COOLED
IN A SPONGE, GROUND, ASSORTED, RE^

HEATED AND BALLED.

Hazlehurst, Isaac.—1851. June 3.

No. 13,655.

" Improvements in the manufacture of iron."

These relate to the puddling process. The iron is

puddled in the furnace with a mixture of iron ore

and carbonaceous matter, as ground coal, coke,

charcoal, or sawdust. When the iron is puddled
the damper is to be lowered until the metal begins

to thicken, " it is then boiled and kept very hot

until it becomes very thin or liquid." The draught

is then " checked until the metal is brought into a

state" ready "to ball." It is then drawn out in

convenient size, but "without being balled, and
placed in a closed barrow, or other receptacle"

made to exclude external air, and left to cool. It

will then be in a spongy or honeycomb state, and is

to be crushed or ground by stampers or rollers ; the

bad or imperfectly worked iron must be picked out,

and as much good iron as will make a bloom is put
in a furnace and balled at a low heat, and worked
under the hammer or squeezer in the usual way.
The iron so made does not require cutting and pil-

ing, and is suitable for spades, edge tools, boiler

plates, wire, &c. If required to take a polish, the

crushed or ground iron should be scoured. The
ground iron is also used " for sinking in the char-

coal fires, for making iron for conversion into

steel," instead of charcoal pig or best scrap iron.

[Printed, 3d. See "London Journal" (Newton's), vol. 30
(conjoined series), p. 2S2 ; "Mechanics' Magazine," vol.

55, p. 495; " Patent Journal," vol 12, p. 121.]

FRANKLINITE USED IN THE PUDDLING
FURNACE.

Jones, S. T.—1851. September 16. No.

8,357. (U. S.)

Claim.—The application of Franklinite to the

improvement of iron in the processes of reduction

from its ores, and in the finery or puddling of crude
or pig iron, according to the methods as above de-
scribed.

CHROMIUM— ALSO SALT, BARYTA, LIME
AND SODA— USED IN THE PUDDLING
FURNACE.

Stirling, John Davie Morries.—
1851. December 22. No. 13,877.

"Certain alloys and combination of metals."
This invention is an improvement on that patented
by the inventor on January 31, 1851. See No.
13,486. It relates to coating metals, such as iron,

Copper, tin, &c, with metals and metallic com-
pounds, as tin, copper, zinc, lead, gold, platinum,
&c., and their alloys.

Also hi improving the quality of iron by adding
chromium, by preference, in the condition of

chrome iron, or chromate of iron, in proportion of

from ^.1^. to .g^ of each puddling charge; or it

may be added at an earlier stage than the puddling
process. When the iron is particularly cold-short

or red-short a chloride is added, and common salt,

at the rate of 1^ to 3 lbs. to each charge. The
chromate is to be added when the iron is nearly or

quite melted, and the softer iron takes more than

the harder class.

Also, instead of chromium, baryta, or its salts,

by preference, the carbonate may be added to iron,

1 lb. of carbonate to each charge in the puddling
furnace.

Also carbonate of lime and muriate of soda, in

equal proportions, may be advantageously added to

the iron; from 2 to 3 lbs. of the mixture being

added to the puddling charge.

Note.— The patent also specifies using lead and
chlorides in the blast furnace.

puddling—the first period without
stirring. the product melted with
excess of carbon and remelted
with iron to dilute the carbon.

Collins, Wm. Whittaker.— 1852.

March 24. No. 14,033.

"Improvements in the manufacture of steel."

A communication.
A charge of about 4 cwt. of grey pig iron is

"melted in the puddling furnace in the ordinary

way, with a large quantity of silicate of iron or

other metallic oxyde." The first period of the

boiling process is continued without "stirring or
raking the metal," as is ordinarily done. The
melted mass is thus left quietly exposed to great

heat, " by which means the impurities, less the car-

bon, are burned." This process is continued for

from 15 to 30 minutes, according to the nature of
the iron. The iron will then begin to rise up, and
must be then worked vigorously " under the action

of the highest degree of heat," to make it fit, as

soon as possible, to be balled up for the hammer or

squeezer or rolls.

The product will be pure "close-grained iron,"

which " either in the state of milled bars, balled

iron, or finished bars, will unite with facility with
various proportions of carbon." They are, there-

fore, without previous cementation, "melted in

crucibles, with the application of carbonizing sub-

stances, by which means cast steel is produced," of

which the degree of hardness "may be regulated

by the application of carbonizing substances in

greater or less quantity."
'

' A superior quality of cast steel adapted for

tools, chisels, &c, is obtained by melting the said

bars with a comparatively large proportion of car-

bonizing substances." The product is a highly

carbonized brittle cast steel. " This is to be re-

melted with fresh parcels of the said iron bars."

[Printed, 3d. See "London Journal" (Newton's), vol. 41
(enlarged series), p. 317 ;

" Mechanics' Magazine," vol.

57, p 279.]

DECARBURIZING CAST IRON BY HEATING
WITH OXYDE OF ZINO OR LEAD, TO
MAKE BARS WITHOUT PUDDLING.
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Beauvallet, Jean Ernest.— 1852.

June 12. No. 14,167.

" Improvements in the manufacture of iron and
steel. A communication. These consist in heat-

ing cast iron " in contact with a metallic oxyde (or

it may be " a carbonate which will act by reason of

its oxyde)," and afterwards extending it by ham-
mering or rolling, without the necessity of puddling
it. Directions are given as to the way in which the

iron is to be cast in bars or sheets, so that the im-
purities and bubbles may form their ends, and be
cut off with the rough ends of the sheets or bars.

For the decarbonization of cast iron protoxyde of
zinc and calamine are preferred, but oxyde of lead
may be used. A table of proportions is given.

The zinc, if any remain, is to be driven off by heat.

When malleable iron is to be made, much of the
decarbonizing substances must be employed; when
steel is to be made less will be required, but the

steel should be cemented with charcoal in the ordi-

nary way, to expel the zinc and equalize carboniza-
tion.

[Printed, 4d. See " Repertory of Arts," vol. 20 (enlarged
series), p. 3G3; " Mechanics' Magazine," vol. 57, p. 4U7.]

HARBOR DEFENSE-FLOATING GUN-
CARRIAGES.*

BY SIR WM. G. ARMSTRONG.

From the London " Times."

Sir Wm. (x. Armstrong calls attention to

the value of small vessels (like the " Staunch,"
designed by Mr. Rendel), for defending sea-

ports against the sudden inroads of hostile

ironclads in time of war. The importance
of protecting commercial harbors from this

kind of attack is a subject which deserves

more attention than it appears to receive.

The intrusion of an invulnerable war-ship
into the port of Liverpool, for example, is

alarming to contemplate. Masses of mer-
chant ships closely packed in docks, and
large stacks of warehouses containing mer-
chandise worth millions, are objects upon
which the powerful shells of modern artillery

would produce terrible effect. To prevent
the ships of an enemy from approaching our
shores would require our fleet to be ubiquit-

ous, and if hostile ironclads cannot be kept
at a distance, there is nothing at present to

stop them from entering our ports. The
experience of the late American war shows
that it is very difficult to intercept a steam
war-ship on the open seas ; and under pres-

* The idea of floating gun-carriages, as here re-
ferred to. though well carried out in England, is not
of English origin. The " Naugatuck," built by the
late E. A. Stevens, and fought in the late war, was
merely a floating gun-carriage, the gun (100 pr.)
being trained by turning the vessel by means of twin
screws. See "Ordnance and Armor," p. 591

—

Ed.
V. N. M.

ent circumstances it is certainly presumable
that, whether we should happen to quarrel

with the United States or with an European
power, vessels would be fitted out on the

other side of the Atlantic for inflicting every
injury upon our property and commerce.

Let us consider, then, what is necessary

for the defense of our seaports. We may
presume that the kind of vessel which would
be used for making a dash at a harbor would
be a steamer large enough to unite speed

and sea-going qualities with the protection

of heavy armor. She would carry guns of

great size, adapted alike for engaging and
opposing ironclads and throwing enormous
shells. She would be rendered secure

against boarding, and be protected against

small arms. Without heavy rifled guns no
impression could be made upon such an
enemy as this, and of such guns there are

none in any one of our commercial harbors.

Supposing, however, the guns to be forth-

coming in time of need, we have still to con-

sider how they can be most advantageously

applied. We have, in fact, to choose between
mounting them on fixed or floating platforms.

If we plant them as fixtures, the batteries

containing them must be at points where the

channel can be commanded within easy range,

and where a boom or other obstruction can

be thrown across to detain the invader under
fire. Without such detention, the time oc-

cupied in running past a battery is too short

to admit of decisive results. The rapid mo-
tion and constantly varying distance of the

vessel would make it difficult to hit her in

a vital part, even if cool deliberation and
judgment were used ; but the difficulty would
be enormously increased by the hurry and
excitement that would prevail among the gun-

ners during the brief passage of an enemy's
ship. There is, however, this objection to

booms and similar obstructions, that they

cannot be so contrived as to be capable of

stopping an enemy without at the same time

interrupting commercial traffic. Nor is their

efficacy as a barrier certain, since it is hard

to say what steam an iron cannot break

through. So that, altogether, the method
of protecting harbors by batteries and booms
is not very promising. If we now turn to

the other alternative of using the guns

afloat, we shall find that the difficulty

vanishes. The vessels for carrying the guns
need be nothing more than floating gun-

carriages, like the little Staunch. This ves-

sel, though a mere barge in point of size,

carries a 12-3j-ton gun, the movements of
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which are effected by steam-power, so that a

very small screw suffices for working it.

The boat is propelled by twin screws, which

give her such a power of turning that she

can change the direction of her large gun as

easily and quickly as if it were mounted on

a turn-table. She is incumbered with no

armor, because her safety lies in her small-

ness, which renders her difficult to hit, and

because armor is worse than useless when
opposed to guns capable of piercing it.

Finally, she is cheap. The cost of a couple

of ironclad frigates would furnish a hundred
Staunches.

Now, to revert to Liverpool as an example,

let us see what would be the aspect of the

case if half-a-dozen of these gunboats were

at hand when an enemy's ship ran into the

Mersey. She would there find herself sur-

rounded by six little dots upon the water,

carrying among them an armament probably

even heavier than her own. They would be

so small that she could not well hit them,

while she would be so large that they could

hardly miss her. She could not run them
down, for they would be far too quick

at turning, and a retreat under shallow

water would always be open to them. If

by a lucky shot the enemy were to sink

or disable one of her assailants, it would

be but one silenced out of six. She, on

the other hand, would be equally liable to

be sunk or disabled by a single shot, so that

the chance of victory would be six to one

against her, even if she were as difficult to

hit as her adversaries. In short, six such

gunboats would probably suffice to baffle the

attack of several ironclads, and we might be

very sure that no hostile attempt would be

made to enter a harbor where it was known
that these dangerous watchdogs were kept.

Nor is it merely their mobility within the

area attacked that recommends these little

vessels. The Staunch has proved herself an

excellent sea boat both with her gun on deck
and in the hold, into which it can be lowered

at pleasure by her mechanism and again

raised when required. Such vessels, there-

fore, could quickly be brought from different

ports to any point attacked. Moreover,
they would constitute excellent schools of

gunnery for the naval reserve men, who
might in them, at small cost, gain valuable

experience in handling heavy guns. Indeed,
I should not despair of a class of naval vol-

unteers being established capable of manag-
ing such gunboats, and thus rendering every
port self-protective. Again, if we are to

contemplate the possibility of aggressive war
on our part, these vessels will be quite capa-

ble of crossing a sea in company with suita-

ble tenders, and would thus be available for

foreign service in case of need, or they would
prove valuable auxiliaries for the defense of

our naval arsenals, if threatened with attack.

When not in use they would be laid up on
slips, almost free of cost for maintenance,
and they could be lanuched, armed and
manned at very short notice.

In offering these brief suggestions on the

subject of harbor defense I do not wish to

ignore the great value of torpedoes as aids

in guarding the entrance of a port ; but these

implements cannot be looked upon as super-

seding the use of artillery for that purpose.

Even with the best arranged system of tor-

pedoes, it is not difficult to conceive a mode
of attack by which the defenders might be
deceived either into exploding them prema-
turely or upon comparatively valueless ships

sent in for the purpose ; and once exploded,

a new system could not be laid down in the

presence of the enemy. In fact, there is no
knowing what expedients might not be re-

sorted to for evading or neutralizing their

effects. For my part, I am persuaded that

nothing would prove so free from objection

as small gunboats with big guns. But, what-

ever difference of opinion there may be as to

the best mode of attaining the object, certain

it is that at the present time we are prepared

with nothing that would have the least chance

of proving effectual.

In conclusion, I would observe that the

preference I have expressed in favor of guns

afloat over guns in fixed batteries has ref-

erence altogether to commercial harbors, and
does not apply to great naval stations like

Portsmouth or Plymouth, where much more
powerful defenses are required, and where a

combined system of fixed and floating bat-

teries would probably be necessary.

NOTES ON RAILWAY CONSTRUCTION.

BY W. AIRY.

From "The Engineer."

It may fairly be said that in England
there are scarcely two railways alike ; the

country is so diversified and irregular in its

outline, and so varied in its soil and geo-

logical character, that there can scarcely

fail to occur, in the course of the construc-

tion of a railway, difficulties peculiar to that

railway. Such difficulties may not have

been of such importance as to form the sub-
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ject of a separate memoir, but tbey are,

nevertheless, important to those who are en-

gaged in such work, and if carefully record-

ed by the engineer in charge, they would
form a most valuable mass of information,

and from which a book on railway construc-

tion could be compiled far more trustworthy

than any work compiled only from theory,

or the limited experience of a single indi-

vidual. For the publication and circulation

of such notes there would seem to be no
more proper or convenient channel than the

columns of the best engineering papers of

the day, in which they would be preserved

for reference. In the following notes the

writer does not profess to confine himself to

what may be novel in the methods he adopt-

ed, but to record the methods themselves,

and the experience gained in the application

of them.

ON SETTING-OUT IN TUNNELS.

There is no ordinary field work so anxious

or careful as that which occurs in the steer-

ing and setting out of a long tunnel. The
chances of error in transferring lines and
levels from the top to the bottom of a shaft

are considerable, and the carrying on of them
properly below ground is also liable to error,

from the darkness and the shortness of the

base from which to produce the line of the

tunnel onwards. Now the accuracy needed
in transferring the line of the tunnel from

the top to the bottom is according to the

number of the shafts ; if the shafts are very

close together—say, for instance, 100 or

200 yards apart, as they commonly are—the

accuracy needed is not exceedingly great,

but in proportion as the distance between
the shafts increases, so also does the accur-

acy required, and when, as rarely happens,

the shafts are as far apart as 700 yards, the

accuracy needed is very great.

In the instance now recorded, a lofty

range of hills, which was pierced by the

tunnel, precluded the use of numerous
shafts ; the distance between two of the

shafts was more than 700 yards, and in con-

sequence of great difficulties, arising from
the quantity of water encountered, the work
was much hindered at one of these shafts

;

so that more than 600 out of the 712 yards

between them were pierced from the other

shaft, which was comparatively unincum-
bered with water, before the headings met.
For the ranging of this length of 600 yards
no method presented itself so practicable as

the ordinary process of suspending two lines

from the sill of the shaft in the line of the

tunnel, and carrying on the line of the head-
ing from the direction so obtained. But as

the shaft was only 9 ft. in diameter, and the

net distance obtainable between the two
lines, so as to allow them to hang perfectly

clear of obstructions of all kinds, was only

6 ft. 6 in., it was obvious that unusual care

must be taken in the production of so long

a line on so short a base. Had the tunnel

been straight from end to end, it would have
been safer and less troublesome, in this in-

stance, to have ranged the line from the

open end, where the heading emerged; but
there happened to be a sharp curve at both
ends of the tunnel, which would have ren-

dered this method uncertain and indirect.

Now to arrange a line accurately below
ground, by means of a pair of lines let down
a shaft, it is necessary, first, that the lines

should be accurately adjusted at the top

;

and, secondly, that the direction of the tun-

nel should be accurately produced from the

direction indicated by the lines as suspend-

ed. In the instance in question the adjust-

ment at the top of the shaft was managed
thus : The center line of the tunnel being

truly ranged above ground by the ordinary

process, a station on the line was establish-

ed and carefully marked at a few yards'

distance from the shaft ; a theodolite was
placed over this station, and adjusted so as

to range the true line of the tunnel. On
each side of the shaft, and in the line of the

tunnel, a board, of the shape shown in the

figure, was firmly nailed to the sill of the

shaft ; this board

was furnished with

a movable nosing

of iron, which was
tightly clipped
down upon the

board by iron clips,

so as to be firm and
secure from shift-

ing, yet capable of

adjustment along

the nose of the

>oard by tapping

ightly at the ends
with a hammer. A
small notch was
filed on the edge of

the nosing to re-

ceive the plumb-line. The nosing being

roughly adjusted to the line of the tunnel,

and the plumb-line passing over the notch

and down the shaft, the observer at the

Fie
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theodolite indicated the true position of the

notch to an assistant at the board, by whom
the iron nosing was gently tapped with a

hammer till the notch and plumb-line were
together brought into the true center line of

the tunnel. The same was done at the other

side of the shaft, and the adjustment at the

top was then complete. In this way it is

seen that a very high degree of accuracy was
obtained, with great security and freedom
from accidental shifting of the lines. The
plumb-lines were of very strong and fine

fish-line, and the plumb-bobs suspended in

buckets of water at the bottom of the shaft

in the usual manner.

For the production of the line of the tun-

nel below ground, the following plan was
adopted : A stout deal table, on three legs

strongly framed together, was firmly planted

in in the line indicated by the plumb-lines,

and at a distance of about eight yards from

them ; on this table was placed a theodo-

lite, properly furnished with a lamp for

illuminating the wires ; this theodolite was
placed roughly in line, and adjusted level

by the foot-screws. The nearest plumb-line

was then illuminated by two men with can-

dles, and the theodolite was pointed so as to

bisect that plumb-line, and was clamped
fast. The two men then left the front

plumb-line, and in like manner illuminated

the back plumb-line. This line would ap-

pear in the telescope to one side or the other

of the intersection of the wires, and the

theodolite was shifted on the table to one

side or the other, as was indicated by the

observation. The whole operation was then

repeated anew, and continued until, by suc-

cessive approximations, the telescope was so

truly adjusted to the line indicated by the

plumb-lines, that after it had been directed

so as to bisect the front plumb-line, the back
plumb-line, on being illuminated, remained
invisible from the obstruction of the former.

Having thus obtained the true line of the

tunnel, and carefully clamped the theodolite,

the telescope was turned in a vertical plane,

and candles were ranged by signal at such

distances along the heading as were neces-

sary, and permanent marks established at

fixed places for reference.

It may not be uninteresting to know the

degree of accuracy which may be insured

by the above process. In order to eliminate

all chance of accidental error, the work was
done three times over from the beginning,

at intervals of a month, and on each occa-

sion a permanent nail was fixed in the line

Fig

ranged at ten chains distance from the shaft.

The three nails were driven side by side,

and the distance between the two outside

nails was 3g in., thus the limit of error at

30 chains' distance from the shaft would be

less than 1 ft. The actual error, as was
proved when the headings met, was less

than 1 in.

As a check upon the above process, the

following plan was used after the heading at

the end near the shaft had been driven

through to daylight. It is evident that the

accuracy of this method depends much upon
the number and position of the stations,

which the curve renders necessary, as also

on the size of the

heading, etc.; but
it may in some
cases be found
practicable and
useful. Let A B
be the heading, A
the shaft, and B the

open mouth of the

heading. Let A P
be the line of the

straight portion of

the tunnel as rang-

ed on the ground,

P a station on that

line. Take a sta-

stion at Q, near the

mouth of the heading, from which P can

be seen, and a station inside the heading at

R, from which Q can be seen, and more sta-

tions if necessary, until A (a station vertic-

ally below the center of the shaft) can be

seen ; measure by theodolite all the angles

A P Q—P Q R, etc. Then, since the fig.

A P Q R—A is a closed figure, and all the

angles are known except the last angle (in

the figure it is P A R), this angle also can

be determined. Therefore, planting the

theodolite at A, pointing the telescope in

the direction A R, and setting off the angle

RAP, determined as above, the direction

A P is obtained ; and by turning the tele-

scope in a vertical plane, the line of the

tunnel, supposed in the direction of P A
produced, may be ranged with considerable

accuracy.

There is no great difficulty in setting out

the levels of a tunnel. Leveling is such

accurate work that an error at commence-
ment does not seriously increase with the

distance if moderate care be used. All

that is necessary is to obtain pretty accur-

ately the level of a bench mark at the bot-
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torn of the shaft ; this may readily be done

by tying two or more chains tightly together,

the chains being first carefully measured,

and suspending them from a nail in the sill

of the shaft, the level of which is known
;

with these, and a level-staff to close in the

measurement at the bottom, the level of a

nail at the bottom may be ascertained to a

quarter of an inch without difficulty. The
levels may then be carried on by candle-

light with great ease to the end of the head-

ing in the usual way. The light of a candle,

held near the object-glass of the telescope,

though not so as to obstruct the view, is

amply sufficient to illuminate the wires ; and

the staff, when lighted up, can easily be

read at five or six chains distance, if the

heading be not choked with smoke or other-

wise obstructed.

ON THE MANAGEMENT OP CLAY SLOPES.

Very few railways exist which do not at

some place or other pass through clay, either

in the form of detached beds or pits, such

as occur in all geological formations, or else

as a recognized formation in itself; and
there are no beds which give so much
trouble in the construction and maintenance

of railway cuttings, except perhaps the beds

of running sand holding much water, which

are comparatively rare. The varieties of

clay beds are wonderful ; in the experi-

ence of the writer there were found in the

short distance of ten miles all kinds of clay,

from black shaly clay, which would stand at

a slope of 1 to 1 without slipping, to yellow

greasy clay, which would barely stand at 3

to 1 (and which the slightest rain rendered

very difficult to handle), and again to black

rotten clay, which would not stand at 6 to

1, and indeed seemed unwilling to stand at

any slope whatever. There seemed to be

no principle of general application which
ruled the nature of the clay, except that

wherever water was present, the clay was
worse to handle, and that clay on the sides

of hills through which the drainage of the

country had to percolate was worst of all.

As a rule the clay of the earlier formations

was firmer and better than that of the lat-

ter, and the black clay was better than the

yellow ; but the pitch of the ground and
the position of the cutting would at any
time affect the working of the clay very
largely.

When, from the nature of the clay and
the local circumstances of a cutting, it is

apprehended that the slopes will not stand

at the inclination originally intended, thero

are various methods of proceeding which
may be suitable for different cases. The
chief of those which, were tried in the case

of the railway in question were as fol-

lows :

1. To get out the slopes to a flatter angle

of inclination than was at first intended.

2. To get out the slopes with a curved
batter, keeping the width across the cutting

at the top the same, or nearly the same, as

was originally intended.

3. To retain the foot of the slope by a

low wall, and to flatten the remainder of the

slope above the wall by taking stuff from
the top of the slope and casting it down
against the back of the wall.

4. To drain the slopes, whether by bushes,

rubble-drains, or pipes.

The first of these methods is the most
wasteful of all ; the labor required in getting

out the slopes to a flatter angle is very great,

and there is usually a necessity for purchas-

ing additional land, which involves much
expense and delay. Nevertheless, in ex-

ceedingly bad ground there is nothing else

to be done, more especially if the ground

be much charged with water, for then tha

slopes will* not bear shaping. But this

method will be much assisted by retaining

the toe of the slope in some degree ; a low

wall of rubble-stone well hand-packed will

keep a slope quiet at a comparatively steep

angle of inclination, which would slip im-

mediately and constantly without it, and

give incessant trouble. The wall should be

let into the ground to a depth of about 3 ft.

below formation level, and if well laid and

of good thickness, will save much money in

maintenance; it should be of dry rubble-

work, to give free passage to the water.

The second method is not commonly prac-

ticed, and is too much under-valued. It is

rather more troublesome to get out slopes to

a curved batter than to a straight one, and
in consequence all gangers and workmen
have a great objection to using this method;

but it is the natural and stable form of the

ground when laid to a slope, and the only

correct form in which to leave it. In very

good ground, which requires only a slope of

| to 1, or thereabouts, there is no great ob-

ject in going to the trouble of making the

slopes hollow; but as a general rule, a great

saving might be effected by it, both in the

first cost of the railway and in the subse-

quent maintenance. As regards the cor-

rectness of the above statement, it will
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readily occur to all who have had experience

of railway slopes, that when a slip takes

place in a straight slope, it rarely begins at

the top of the slope ; a wedge-shaped mass

of stuff breaks out from the middle and

lower parts of the slope, as in the annexed

diagram, and slides

down into the cut-

ting ; the top re-

mains, sometimes

overhanging, and,

if not attended to,

gradually crumbles

away and falls down
piecemeal. Such
an appearance suggests at once the proper

shape to which a slope should be worked,

and in one or two instances in the writer's

experience the slopes were purposely and
carefully worked to curved batters in the

following way: The curve selected for the

batter was the parabola. What the precise

theoretical curve might be is not easy to

ascertain, and the conditions of ground vary

so exceedingly in different situations, that

it would avail us little to know it for any

precise case. It is something like a para-

bola, and as it was necessary to assume some
curve or other, the parabola was selected,

both as seeming suited to the case, and as

being simple in its properties, more especial-

ly as regards its area, which is important as

offering facilities for the calculation of the

cubic contents of the earthwork. The prin-

ciple on which the curve was applied will be

seen from the diagram annexed.

AB is the formation width of the cutting;

A C the straight slope ; ADC the para-

bolic slope ; the constant of the parabola

was so fixed that the two sides of the cutting,

when completed, would, if produced under-

neath the formation, form the entire para-

bola ; the object of this was that, as far as

possible, the pressures of the two sides

might balance each other without wedging
up the formation between them, as some-
times occurs when the batters are straight.

For the setting out of the slopes, two curv-

ed templates were made and applied as in

the figure above. A draft was first traced

in the slope to the

straight line A C ;

then the first, or

lowest, of the tem-

plates was applied,

and the draft deep-

ened till the out-

side edge of the

template was ver-

tical ; then the second template was applied,

with its lowest angle at the point where the
first template left off, and the slope in

like manner dressed off till the outside edge
of the second template was vertical. The
slope being thus started true to curve, the

rest of the draft could be completed with
sufficient accuracy by eye, and the cutting-

got out between the drafts in the usual way.
The above method is fairly simple and easy,

and the cutting is far more secure than when
the slopes are flat. This was curiously ex-

emplified in one case where the slopes of a

cutting had been dressed as above, except
at two points where the batters were left

straight from some accident; at both these

points a slip took place in the following

winter, while the rest of the cutting remain-

ed secure. As a general addition to the
security of a cutting, this second method is

the most correct, and involves the least ex-

pense.

The third method is very useful and con-

venient ; the application will be seen from
the annexed diagram, where the dotted lines

show the state of

things as at first

intended, and the

full lines the
amendment. The
wall may be of any
hard stuff, big and
small together, ex-

cept the face, which
should be of large

pieces, hand-pack-

ed. Chalk was found excellent for retain-

ing the yellow clay, and the expense of such

rough work is very insignificant. The great

advantage of this method is that it involves

very little, if any, removal of stuff in

wagons, and the work can therefore be car-

ried on without blocking the way. The
wall should, if possible, be got in before the

cutting has slipped much ; if the slopes

have slipped in, and the clay is much mixed
with water, it is very difficult to keep the

clay out of the wall, and to make good

work.
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With respect to the fourth method, so far

as the writer's experience went, it is useless

to attempt to save a cutting from slips by
draining the slopes during construction.

For the maintenance of completed railways

it is, of course, necessary to allow free pass-

age to the surface water ; but for this pur-

pose surface drains are sufficient, and the

introduction of deep drains into clay slopes

is in general most injurious ; the deep drains

do in fact, in most cases, lead the water in-

to the body of the slopes, instead of keep-

ing it out ; the continuity of the ground is

injured, and slips take place in consequence

of the drains. Moreover, deep drains are

very apt to get choked, especially when any
slight motion is taking place in the cutting,

and immediately a body of water collects,

to the great injury of the slopes. The work
of laying in deep drains is very costly, and
in no one instance on the railway in ques-

tion did it stop the progress of a slip for a

single day ; bushes, large rubble drains, and
pipe drains were all employed, but without

the least effect, and the slopes had either to

be got out natter, and the stuff removed in

wagons, or retained by a rubble wall, ac-

cording to the third method here given.

If different beds are met with, special

methods must be used, as benching the

slopes at places, which may sometimes be

done to great advantage. The weak point

of a cutting is the toe of the slope ; it is

usual to cut a grip on each side of the way
to run off the water, and this grip often

seriously undermines the slopes, and causes

many slips. This may be to a great extent

prevented by using pipes instead of open
grips, and covering them over with loose

stones, taking care also to provide gulley-

holes to catch the dirt which drains into the

pipes, and would otherwise choke them ; but
the best way of protecting the toe of the

slope is to build a stout rubble wall, as sug-

gested above in method No. 1. Without
some such protection the slopes are in con-

tinual danger for long after they are made
;

they may stand the first winter, and even

the second, without giving tlie least sign of

a slip, and yet slip for nearly their whole
length at the third winter, and give great

annoyance. This, no doubt, is often due to

the effect of weathering on the clay ; but
from whatever cause it arises, it at least

shows that the work which is sufficient for

temporary stability, does not always suffice

for the permanent security of the cutting.

1
Experiments on Plate Heating by
J Liquid Fuel against Coal, made
at Chatham Dockyard, May 26, 1869 :
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NEW BRIDGE OVER THE THAMES.
From a paper before the Civil and Mechanical Engi-

neers' Society "On the bridge over the Thames
carrying the "West London Extension Railway."
By Mr. Lawford, M. Inst. C. E.

This bridge consists of five segeinental

arches of wrought iron, each arch having a

span of 144 ft. on the skew, with a rise of

16 ft. or l-9th of the span. There are also,

on the Middlesex side of the river, six, and

on the Surrey side four, land arches of

brickwork, each with a span of 40 ft. and a

rise of 10 ft. The total length, therefore, of

the structure is 1,270 ft. The abutments

and piers of the five main openings are

massive pieces of masonry, and are carried

to a depth of 36 ft. below Trinity highwater

mark, and 14 ft. below the bed of the deep-

est part of the river. The soffit of the

arches at the crown is 22 ft. above Trinity

high-water mark, in accordance with the re-

quirements of the Admiralty. The level of

the rails is 26 ft. above Trinity high-water

mark. The width of the river between the

two abutments is 776 ft. on the skew and

706 ft. on the square. The width of water-

way afforded is 720 ft. The angle at which
the bridge crosses the river is 75 deg. The
greatest depth of water is 22 ft. below high-

water, the average rise and fall of the tides

at this place being about 13 ft. 6 in.

The piers were constructed in coffer dams,

the inner row of piles being 5 ft. from the

outer edge of the lowest course of masonry,

and were driven to a depth of 15 ft. below

the bed of the river; the outer row were 5 ft.

from the inner row, and were driven to a

depth of only 8 ft. from the same point, the

space between the two rows of piles being

filled with puddled clay. At the conclusion

of the work the outer row of piles were

drawn, but the inner row of piles were cut

off level with the bed of the river. As the

masonry of the piers proceeded, the space

between them and the piles was filled with

puddled clay, well trodden in to a height of 3

ft. above the bed of the river. Each pier

stands on a bed of concrete 2 ft. thick, ex-

tending 3 ft. beyond the lowest course of

footings. On the concrete is laid a course

of York landings, 1 ft. thick, and projecting

1 ft. beyond the footings.

The foundations are carried up in a brick-

work to within 2 ft. of the bed of the river,

where there is a through course of stone 2 ft.

thick. From this point to the springing of

the arch the pier is faced with picked face

ashlar of Bramley Fall Stone. There is a

second through course of stone half way be-

tween the bed of the river and the spring-

ing, and the upper, or last 7 ft. of the piers,

including the springers, which are 3 ft. thick,

are entirely solid stonework. The two abut-

ments are built similarly to the piers, except

that they have hollow chambers, filled with
gravel to a height of 3 ft. above the springing

of the arch ; each abutment being just on the

edge of the river required only half a coffer-

dam for its construction. All stonework of

both piers and abutments above springing

height is tool dressed. The concrete used
in this bridge was composed of five parts of

gravel to one of blue lias lime, and the mor-
tar of two measures of sharp sand to one of

the same sort of lime.

Each of the river arches is composed of

six wrought-iron ribs, arranged in pairs, 2 ft.

6 in. apart from center to center. The arch

or voussoir of the four main or inside girders

is formed of §-in. vertical plates, 39 in. deep

at the springing and 24 in. deep at the crown,

with double angle irons, each 4 in. by 3-^-in.

by -g in., top and bottom, to which the flanges

are attached by means of rivets. There is

also a packing strip 8 in. by | in. between the

angle iron and the flanges. The flanges

consist of two § in. plates, 18 in. wide. The
upper member of the inside ribs is a hori-

zontal parallel girder, similarly constructed,

but only 24 in. deep, throughout its entire

length. The vertical web is | in. plate from

the pier to the point where the upper and
lower member intersect, i. e., 15 ft. from the

center of the arch, and from this point both

vertical webs are § in. in thickness. The
bottom flange of the horizontal girder con-

sists of one plate 16^ in. wide by | in., two

angle irons 3J in. by 3-g in. by % in., and a

packing strip 8 in. by \ in. The upper flange

is 15 in. wide, all other dimensions being the

same as those of the lower flange ; but the

top plate is slightly curved inwards towards

the rails. In the two outside ribs the vous-

soir is constructed as already described, but

is 30 in. deep at the crown and 39 in. at the

springing. It may be as well to mention

here that in these two girders, on the out-

side faces of the arch, all the rivets, except-

ing those in the angle irons, are countersunk,

no cover plate either being visible at the

joints. The whole centre web presents,

therefore, the appearance of one smooth un-

broken plate. This center web is § in. plate,

the two flanges are single \ in. plates 16 in.

! wide, the angle irons 3-£ in. by 3 \ in. by \ in.,

and the packing pieces 8 in. by \ in. The
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upper member is constructed in the same

manner as that of the inside rib, but it has

throughout the whole span | in. vertical

plates, and is only 18 in. deep at the crown

of the arch. The upper flange is 18 in.

wide, and is parallel with the lower flange,

which is only 15 in. wide. The angle irons

and packing pieces are of the same dimen-

sions as those already described for the in-

side top members. The total depth of the

girders, both inside and outside at the center

of the arch, is the same, viz., 48 in.

The sectional area of each of the four

main girders is as follows :—In the arch at

the springing, 80 square inches ; in the up-

per member do., 43 square inches—total, 123

square inches ; and at the center of the arch,

where the upper and lower members are to-

gether, 105 square inches, the mean average

being 114 square inches. These are the full

sectional areas, including the rivets. The
voussoir and the upper horizontal girder of

the four main girders are connected together

by a lattice spandrel, composed of H-iron, of

three different sizes, viz., 7 in., 6 in., and 5 in.

by \ in. A stiffening bar of flat iron, § in.

thick, is added to each side of the H-iron,

connecting the lattice bars throughout at

the angles of intersection. In the outside

girders the lattice and stiffening bars are all

made of double T-iron, riveted together,

thus Hi and of the same dimensions as the

H-iron. i. e., 7 in. by 3^ in., 6 in. by 3 in., and

5 in. by 2^ in., all -^ in. iron. Each pair of

ribs is connected near the haunches by
means of frames, composed of angle irons,

cross-braced and riveted to the ribs, forming

an open box girder. This principle is con-

tinued to the crown of the arch, where the

voussoir and top girder unite in a double

cell. Each pair of main girders are braced

together at the haunches by means of trellis

transverse girders 2 ft. 6 in. deep, carried up
at equi-distant intervals to within 10 ft. of

the center of the arch. There are seven of

these in each half arch ; they are composed
of angle and bar iron, 3^ in. by 3^ in. by 5 in.

The top members of the main ribs are se-

cured together by the cross girders, which
carry the roadway ; the are fixed over the

whole length of the bridge, 4 ft. apart from
center to center, and are composed of a mid-
dle web of iron, 10 in. deep and ^ in. thick,

the bottom of which is flanged with double
angle iron, 3| in. by 3J in. by h, in., and the

top by double channel iron, on the lower
flange of which the buckle plate flooring

rests. The cross girders rest on the lower
flange of top main girder, and are secured in

their places by iron knee-pieces, riveted

through the center webs. The main or

bearing girders are again cross-braced by
diagonal rods, bolted to a center plate, and
to brackets riveted on to each of the angles.

There are three sets of these tie-rods in each
half arch.

Upon the end of each arch or voussoir a

plate of cast iron, 3 in. thick, is fixed, the

back of which is planed quite true and even.

These, again, fit into heavy cast-iron shoes

(weighing 2 tons each), let into the stone

skewbaeks of the piers and abutments, and
by means of wrought-iron wedges are finally

adjusted in their seats. Contraction and
expansion are provided for as follows :

—

Cast-iron standards are bolted to the stone-

work of the piers and united by a cast-iron

frame, secured with bolts and nuts. These
standards have recesses to receive the ends

of the horizontal girders, and secure them in

position, at the same time allow for horizon-

tal motion. A bed and bearing plate, planed

perfectly parallel, are fixed under the ends

of the horizontal girders, upon which they

slide.

The railway is a double line of mixed
gauge, and is carried over the bridge by
means of longitudinal timbers with transons

every 10 ft. Ash ballast is used all over the

bridge. A cast-iron moulding is attached

to the horizontal girder, throughout its

whole length, and a cast-iron plinth is bolt-

ed on to the top of the same ; an ornamental

cast-iron parapet is fixed on the plinth, and
the whole is surrounded by a wooden hand
rail. In the experiments made for testing

the quality of the iron, it bore a tensile

strain of nearly 18 tons per square inch,

without showing any signs of fracture.

The width of the bridge between the cast-

iron parapets is 30 ft. in the clear. The to-

tal width of the piers from out to out above

springing level is 35 ft. 6 in., and at that

level, including the cut waters, 53 ft. 6 in.

The total cost of the bridge was £104,000,

or £82 per lineal foot, and £2 10s. per su-

perficial foot. The materials used in its

construction were 2,000 cubic yards of con-

crete, 11,100 cubic yards of brickwork in

mortar, 130,000 cubic feet of stone, 2,160

tons of wrought iron, 366 tons of cast iron,

2 tons of lead, and 28,000 cubic feet of tim-

ber, exclusive of the piles. This bridge

was the joint design of Messrs. Baker and

Bertram, the chief engineers of the Great
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"Western and North-Western Railways. It

was opened for public traffic on March 2,

1868, since which date some hundreds of

trains have passed over it daily, and I am
not aware that, up to the present time, any
expense whatever—beyond the maintenance

of the road—has been incurred, either in re-

pairs or otherwise. The bridge was only 15

months under construction, i. e., from the

time the first stone was laid until a locomo-

tive passed over the river. The bridge was
very severely tested on January 7, 1863, by
Captain Tyler. The narrow gauge load con-

sisted of two locomotives and tenders, funnel

to funnel, and two tank engines ; total

length of train 182 ft., total weight 176 tons.

The broad gauge load consisted of two tank

engines, in the same position as the narrow
gauge engines, each drawing six loaded coal

wagons ; total length of train 276 ft., total

load 292 tons ; these two loads, collectively,

being equal to about 2^ tons per lineal foot.

First, the narrow gauge load passed over

No. 1 arch at speed, the deflection 5-100ths

of a foot. Second, the broad gauge load

passed at speed—same result. Third, the

broad gauge load on one road and narrow
gauge on the other, both passed together

over No. 2 arch at speed. On going over

No. 1 arch, No. 2 rose 3-100ths of a foot.

On going over No. 2 it deflected nearly 10-

lOOths of a foot, rise and fall 13-100ths of a

foot. Fourth, both loads were brought to

rest on No. 2 arch, deflection ll-100ths of a

foot. When the loads passed slowly over

No. 3 arch, No. 2 rose 2-100ths of a foot,

rise and fall 13-100ths of a foot. Both
loads remained stationary for some time on
this arch, but no further deflection took

place, and, with the removal of the load, the

girders rose simultaneously to their original

height. Fifth, the same thing was done on

No. 3 arch with a precisely similar result.

Sixth, the same experiment was made on
the fourth arch, and in exactly the same
manner as the fourth experiment—rise of

'

arch 2-100ths of a foot, deflection 10-100ths

of a foot, rise and fall 12-100ths of a foot.

Seventh, the same thing was done on the

fifth arch ; the rise was 2-100ths of a foot,

deflection 8-100ths of a foot, rise and fall

10-100ths of a foot. The bridge was very
steady throughout these experiments, and
there was very little lateral vibration, even
when both loads passed at the same time in

the same direction, either slowly or at

speed.

Vol. I—No. 8.-48.

CEMENT FOR ROAD MAKING.
From the "Building News."

If there be one thing in ordinary life in

which we seem to have made little improve-
ment in late years, it is surely road making.
Compared with the numberless improve-
ments effected in all other directions, it may
seem strange that we have learned so little

wisdom in reference to this important pub-
lic convenience. Our thoroughfares are,

sewers and drains excepted, very much what
they formerly were. The traffic has im-

mensely increased ; the wear and tear have
proved proportionately great, while the dif-

ficulty of interfering with the traffic to exe-

cute repairs or renewals has grown more
perplexing. Streets are constantly being

pulled up, much to the inconvenience of the

public, and most of all to shopkeepers;

while newspaper complaints have become so

customary that few persons heed them, and
no one ventures to act upon them. We
think the whole subject of road making de-

serves full and scientific inquiry, and he will

be a public benefactor who can lead English-

men* to improve their methods of laying

down roads with greater facility, and of

making them less perishable.

It is not because we think the use of Port-

land cement for road making will effect all

we want that we direct attention to its em-
ployment for our public thoroughfares. By
many it is at present regarded as little else

than a novelty, and may, perhaps, be so con-

sidered for some time to come. A few years

since Mr. Joseph Mitchell, until recently a

general inspector of roads and bridges in the

northern counties of Scotland, paid particu-

lar attention to the subject of macadamized
roads. The cost of maintaining these roads,

it is well known, is a considerable item in

all local accounts. He made experiments

which proved that a cubic yard of macada-
mized stone, when well pressed down in a

box with a capacity of 27 cubic ft., contains

11 cubic ft. of vacuities; and that a road-

way covered with 12 in. of metal, before it

is consolidated into a smooth and useful sur-

face, has a large portion of its stones crushed

into small particles. He also discovered

that more than one-third of its dimensions

consisted of mud and sand. The result con-

sequently has been that the stones in such

a roadway, where the traffic is heavy and

wet weather frequent, disintegrate to a very

* If the subject is unsettled in England, what is it

in America?

—

Ed. V. N. M.
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great extent ; the greater the traffic, the

greater the quantity of mud generated.

Six or twelve months' traffic will play sad

havoc in most of our public thoroughfares,

as we all know ; and not even the hardest

stone can stand the heavy traffic of our great

cities and towns. The ordinary mode of

laying down streets accounts for much of

this failure. We have before now denounced
the loose methods which obtain throughout

the country in reference to this matter.

Nothing seems more absurd or primitive

than to lay the granite in a bed of sand,

beating it down a few inches, and then cov-

ering the interstices with sand that the first

rainfall will speedily reduce to mud or wash
away. And yet this is the ordinary process

of constructing roadways, a process which
necessarily leads to each stone being insu-

lated, and, resting on a yielding surface, to

give way very speedily. Mr. Mitchell

found that in a street so constructed the

ends of the causeway stones were worn
down after twelve months' traffic from one-

half to three-quarters of an inch. This, of

course, arose from the fact of the percussion

of the wheels of carts and carriages falling

from the center of one stone on to the joint

of the two adjoining, which sank from the

pressure. " When a stone," he says, "has
sunk bodily from one-half of an inch to an

inch, or when a little hollow occurs in the

pavement of the street, it will commonly be

found that the adjoining stones are much
worn, the hollow on the surface increasing

the force and effect of the percussion of the

wheels. The greater the hollow the greater

is the tear and wear from the strokes of the

wheels."

It was these and other facts which led

Mr. Mitchell to consider the propriety of

using Portland cement for roadways. Mr.
Mitchell's plan is exceedingly simple, and
its simplicity commends it to all minds.

He first lays down a bed of cement concrete

three inches deep, instead of providing a

yielding surface. In cases where gravel is

more easily procured and is cheap, it may be

used instead of macadamized stone. The
concrete soon gets firm, and of course ex-

cludes all moisture from below. He then

places the paving-stones on this base, and,

when brought to a perfect form, the joints

are filled with cement grout. The paving-

stones are five inches deep and three

inches wide, a width of three inches being
found to give a better hold to the horses'

feet than the ordinary widths of 4 or 4^

inches. He holds that when properly con-

solidated such a surface is perfectly im-

movable to traffic and impervious to moist-

ure. If, he adds, the causeway be well

made, no irregularities on the surface should

occur ; when they do exist, it is attributable

to defective workmanship.
This plan has been tried in three places

with varied results, in the first case, at In-

verness, in 1865 ; and at the end of two
years, having been subjected to a heavy goods
traffic, the road was perfectly sound, re-

quiring no repairs, and presenting a marked
contrast to the macadamized roadway ad-

joining it. The Second attempt, in London,
is an admitted failure. In this case the

traffic was much more severe and trying.

Mr. Cowper, the then Chief Commissioner
of Works, consented to the inventor laying

down 100 yards of his new road on the Mall
in St. James's Park, at the foot of the Grreen

Park. The surface subsequently broke up
under the heavy traffic, much to the surprise

of the inventor. For some time he was
puzzled, but at last he solved the mystery.

It would appear that the roadway at each

end of the experiment was macadamized at

the time when the experiment was made,
and inadvertently the contractor's workmen
were allowed by the person in charge to pass

their roller from end to end before the

cement was properly consolidated. The
consequence was that the crystalline struct-

ure of the cement being injured, the surface

of the road was found to need repair through

its yielding to the incessant traffic. It ap-

pears to have been repaired by a coating of

two inches of macadamized stone, which

was rapidly ground down on the hard con-

crete by the vehicles. Mr. Mitchell ob-

serves in his account of the failure of this

experiment : "As the bottom was entire and
consolidated, had a coating of two or three

inches of concrete been laid down, with the

required time to consolidate, it would have

answered all the purposes contemplated, but

the surveyor deemed it his duty to remove
the concrete surface entirely, which was only

done at great trouble by means of levers

and iron crowbars."

Mr. Mitchell was, however, not to be

beaten. All inventors must provide against

failure in the early history of their improve-

ments, and the lesson derived from the ex-

periment made in the metropolis was, and
will be, of use to him in the future. His

third attempt was at Edinburgh, at St.

George's bridge, and at the end of twelve
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months the roadway was reported to be

sound and immovable, notwithstanding the

heavy traffic which it is well know passes

over this important thoroughfare. One lit-

tle failure, however, occurred, through inex-

perience. Small hollows showed themselves

at the end of the winter, at the joinings

along the center of the roadway. These
hollows were soon filled up, and the result

has since been eminently satisfactory.

It has been objected to these pavements
that they produce more noise than the ordi-

nary roadways; but, while admitting this,

it is urged that the noise from the vehicles,

though greater, is different, being more of

a ringing sound, as if the street were bound
up with frost.

The question of cost is an important con-

sideration. It would seem that the concrete

road at Edinburgh cost 6s. 8d., and the

paved road 17s. per square yard, in addition

to Is. 8d. per square yard for excavating

and removing the old road, and watching.

It must be remembered that the roadway
was but small, and had the experiment been

on a larger scale, the cost might have been
considerably less. The cement being cheap-

er in London, the cost of concrete roads

would be proportionately less. A firm of

engineers in Edinburgh made experiments

on Mr. Mitchell's roadway, by which they

discovered that it enabled loads to be drawn
at a much less cost in tractive power. Thus,

we are told that, as the result of the super-

ior evenness and solidity of the roadway, a

wagon of two tons' weight ascending a gra-

dient of 1 in 80 required a traction of 70 lbs.,

while on a common macadamized road, the

same weight required a traction of 140 lbs.

The difference of one-half is, of course, a

wide one. x\gain, on a road with wheel
tracks through new metal, 340 lbs. were re-

quired ; and on a road newly covered with

metal, 560 lbs., all the gradients being 1 in

80. This point of the conservation of power
is an important one, and speaks favorably

for the new road.

Undoubtedly almost everything depends,

in the construction of these roads, upon the

quality of the cement and the carefulness

with which the work is superintended and
done. The inventor holds that the Port-

land cement should be of the best quality,

and tested to bear a tensile strain of

500 to 600 lbs. on a bar \\ in. square.

The cement must be allowed time to har-

den ; a month was found sufficient in Edin-

burgh. This adds to the difficulty of using

the material in the metropolis, where the

roads are reqnired for use immediately they

are laid. It has been suggested that cement
blocks, properly tested, should be used, and
this would obviate the difficulty we have
pointed out. At any rate, we hope that Mr.
Mitchell may yet be permitted to make
another experiment in London, where we
have reason to believe it would be as suc-

cessful as in Edinburgh. Mr. Reid, C. E..

has expressed his opinion that an engineer

might, with duly prepared and tested cement
blocks, re-lay the whole extent of London
Bridge in fourteen days. Such an event

may not be altogether impossible.

THE METRIC SYSTEM.

From a lecture by the Rev. Joseph A. Galbraith,
F.T. CD.

From the " Scientific Opinion."

The jurors of the International Exhibi-

tions of 1851, 1855, 1862, and 1867, all

agreed to recommend the general adoption

of the metric system by civilized countries.

The Intel-national Statistical Congress, held

at Brussels, Paris, Vienna, London, Berlin,

and Florence, reported in favor of its adop-

tion. There is a permanent committee of

the British Association, called the Metric
Committee, whose object is to forward the

adoption of this system, for the sake of the

benefit it would confer upon scientific inves-

tigators, engineers, and students in the vari-

ous arts and sciences.

The metric system is, at present, used
throughout Europe and America by a popu-

lation of 150,000,000 of people. Nearly 60
per cent of the total export and import trade

of the United Kingdom is carried on with

people using the metric system.

The fundamental principle of the metric

system is that it should be international.

This appears from the report of the Academy
of Sciences, signed by its president, Cordor-

cet, and presented to the National Assembly
in March, 1791, by M. Talleyrand. The
report states that, after careful consideration

of the question, the Academy had come to

the conclusion, that every arbitrary consider-

tion should be excluded from the pi-oposed

system ; that it should not possess any fea-

ture which could raise even a suspicion of

the particular interest or influence of France.

In a word, the Academy desired so to frame

the system, that if its principles and details

alone, apart from its history, should descend
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to posterity, it would be impossible to divine

by what nation it was designed or executed.

COUNTRIES IN WHICH THE METRIC SYSTEM HAS
BEEN WHOLLY ADOPTED.

Population.

Franco, with Algiers 40,500,000

Belgium 5,000,000

Netherlands and Colonies 23,000,000

Italy 24,000,000

Papal States 700,000

Spain and Colonies 21,000,000

Portugal and Colonies 8,000,000

Greece 1,200.000

Mexico 8,000,000

Chili 1,600,000

Brazil 8,000,000

New Grenada 2,000,000

Other South America Republics 3,000,000

146 000.000

COUNTRIES IN WHICH THE METRIC SYSTEM HAS BEEN
PARTLY ADOPTED.

Population.

Switzerland 2,500,000
Hanse Towns 500,000
Denmark ' 3,000,000
Austria 37,000,000

43,000,000

COUNTRIES WHERE IT IS PERMISSIVE.

Population.
United Kingdom 29,000,000
United States of America 31,000,000
Prussia and North Germany 30,000,000

90,000,000

Principles and Nomenclature of the Metric

System.—1. It is international. Its framers

intended it to be so, and so well carried out

their principle, that nearly 200,000,000 peo-

ple have already adopted it.

2. Its principal units are derived from
natural standards ; the dimensions of the

earth, and the weight of water.

3. It is rational, because all its parts, pro-

ceeding regularly from the unit of length,

are connected together by rational relations.

4. It is decimal, that is to say, all its

parts are multiples or submultiples of the

number ten on which our arithmetic is

founded.

5. The nomenclature is simple, expres-

sive, and well adapted for international use.

It consists of only eleven words. The name
of each weight or measure tells its own
story, and as all the words are derived from
the Greek and Latin languages, in which all

civilized countries have an equal interest, no
national sentiment is interfered with.

Unit of Length.—To establish the unit of

length, the Commission appointed by the

French Government proceeded to calculate

the length of a quadrant of the earth, from
the measured length of an arc of the meri-

dian, the extremities of which were Barce-

lona and Dunkirk, stations which are nearly

north and south, and comprise about 10° of

latitude, situated very nearly equally on each

side of the mean latitude 45° north. The
linear standard used in this survey was the

toise of Peru, so called from its having been
used by Lacondamine, in the year 1756, in

the measurement of the Peruvian arc. This

toise or fathom was divided into ^6 ft., the

foot into 12 in., and the inch into 12 lines.

The calculation founded on the measurement
of the Barcelona-Dunkirk arc gave as the

length of the quadrant of the meridian

5,180,740.75 toises, from which the number
of lines may be calculated as follows

:

5,130,740.75 Toises.*

6

30,784,444.20 Feet.*
12

369,413,330.40 Inches.

12

4,432,959,964.80 Lines.

The ten-millionth part of this was selected

as the meter or unit of length. Therefore

Meter =443.296 Lines.

Unit of Land Measure.—The unit of land

measure is the are, and is equal to a square

having for its side a line of ten meters.

Unit of Capacity or of Liquid and Dry
Measure.—The unity of capacity is the liter,

and is equal to a cube having for its side one-

tenth of a meter.

Unit of Weight.—The unit of weight is

the gram, and is the weight of a cube of cold

water having for its side one-hundredth part

of a meter.

Multiples and Submultiples.—The multi-

ples of these units are expressed by prefixes

taken from the Greek language, and are as

follows

:

Deca, signifying Ten times.

Hecto, ei Hundred times.

Kilo, a Thousand times.

Myria, u Ten thousand times

The submultiples are expressed by pre-

fixes taken from the Latin language, and are

as follows

:

Deci, signifying Tenth part.

Centi, " Hundredth part.

Milli, " Thousandth part.

* There is surely some mistake here.

—

Ed.
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SYNOPTIC TABLE OF THE METRIC SYSTEM.

Units.

METER ARE LITER GRAM.

10,000 times, Mvria.
1

;
000 " Kilo.

100 " Hecto.
10 " Deca.

Unit.

Deci, 10th part.

Centi, 100th "

Milli; 1,000th "

Formation of Tables.—The tables of

length, land measure, capacity and weight,

are readily formed by placing the respective

units in the place of unit in the synoptic

table

:

Length.
Land

measure.
Capacity. Weight.

Myriameter
Kilometer
Hectometer
Decameter

Hectar Hectoliter

Decaliter

Kilogram
Hectogram
Decagram

Meter. Are. Liter. Gram.

Decimeter
Centimeter
Millimeter

Centiar
Deciliter

Centiliter

Milliliter

Decigram
Centigram
Milligram

It may be observed that some of these

tables are more extensive than others ; ac-

cording to the nomenclature they should be
equal term for term, but practice has deter-

mined the limits, as given above.

Relation of Weight and Linear Measure.—
According to the metric system, the unit of

weight, or the gram, is the weight of a cubic

centimeter of water ; therefore, one thousand
of these, or one kilogram, is the weight of a

liter or cubic decimeter of water ; one thou-

sand kilograms is the weight of a cubic

meter of water. This weight is called a

millier, or metric ton.

Metric Units expressed in English Mea-
sure.—The following table of values is the

result of exceedingly accurate measurements
and calculations

:

Meter = 39.370790 inches.

Are = 119.60333 square yards.

Liter = 61.02705 cubic inches.

Gram = 15.432.348 grains troy.

Approximate Equivalents.—The following

table of approximate equivalents answers
very well for calculations in which extreme
accuracy is not required :

length.

64 meters = 70 yards.

25.4 millimeters = 1 inch.

LAND MEASURE.

= 4 perches.1 are

10 ares

1 hectar

1 rood.

2-| acres.

LIQUID AND DRY MEASURE.

4-J liters = 1 gallon.

1 hectoliter == 22 gallons.

WEIGHT.

1 kilogram = 22 lb. av.

30 grams = 17 drams av.

LINEAR SQUARE AND CUBIC MEASURE.

10 meters =11 yards.

10 sq. meters = 12 sq. yards.

10 cub. meteis = 13 cub. yards.

How to make a Meter.—Measure off on a

slip of wood 3 ft. 3 in. and 3 eighths, divide

this length into ten equal parts for decime-

ters, into 100 equal parts for centimeters,

and into 1,000 equal parts for millimeters.

This meter is larger than the standard

meter by only one part in ten thousand, and
may, therefore, be considered as practically

accurate.

How to make a Liter.—Take a piece of

card-board, and on it construct a square

whose side shall be 3 decimeters ; subdivide

this into 9 square decimeters, cut away the

corner squares, and bend up those which
remain into a cubical vessel.

How to make a Kilogram.—Balance a liter

on a pair of scales with an exact counter-

poise ; fill the liter with cold water, the ad-

ditional weight which will be required to

restore the balance will be a kilogram. One-
thousandth part of this will be a gram.

Retention of the Pound Weight.—In coun-

tries which use the metric system, the pound
is just as familiar as with ourselves. The
half kilogram, or weight of 500 grams, is

universally called the pound, and is used in

retail transactions. If this weight be called,

as it is in Prussia, the new pound, we shall

have
10 new pounds =11 lb. av.

Prices by the pound should, therefore, be

increased by 10 per cent if we adopted the

metric system. Since 10 meters = 11 yards,

the same observation may be made as to

prices by the yard.

Consequent Disturbance of Trade.—The
prices of nearly every commodity are quoted

by the
Hundredweight= 112 1b.

Ton = 2,240 lb.

These weights are only ^th part less than
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the corresponding weight used in Continen-

tal business—namely,

Centner = 50 kilograms = 110^ lb.

Ton = 1,000 kilograms = 2,205 lb.

The consequent change in quotations would

amount only to 3|d. in the £1 ; a change so

trifling would cause little or no disturbance

in daily business.

even two hundred feet above the pier itself,

according to the thickness of the pier and

the rapidity of the current. But this does

not alter the fact that all the particles of

water in front of the bow, supposing them
to be at rest, would, if fairly struck, with-

out the diversion caused by the liquid bow
of " dead water," be turned aside, at right

angles, and with the same velocity as that

of the vessel itself. Thus, if the velocity

of the vessel were 17^ ft. per second, cor-

responding to about 10^ knots an hour, the

water would be turned aside with the same
velocity of 17^ ft. per second, correspond-

ing to a head of 4.6 ft., and this would oc-

casion a head resistance of 2 lbs. per square

inch over the whole midship section of the

vessel. If the midship section of a sailing

vessel of, say, 86 ft. beam and 18 ft. draught

were 500 sq. ft., or 72,000 sq. in., the head

resistance would be 144,000 lbs., and at the

given speed of 17£ ft. per second, or 1,040 ft.

per minute, about 4,540 horse power would

be required to overcome the head resistance

alone. Supposing, also, that the stern were

cut square across, the water falling in be-

hind it would, on striking, be as much below

the general level of the sea, and thus there

would be a corresponding minus resistance,

representing an additional 4,540 horse power,

making 9.080 horse power requisite for pro-

pulsion, apart from skin friction along the

bottom and sides.

This would appear an astonishing measure

of resistance at so moderate a speed as 10^
knots, and for a ship of such moderate mid-

ships section, but it is, we believe, correct.

As soon, however, as we alter the bows and

stern to a wedge form, the head and stern

resistances diminish rapidly, in fact in pro-

portion to the square of the sine of the

angles to which the bow and stern are

beveled. If these formed an angle of but
30° on each side of the keel, the bow and

stern thus forming, each, an equilateral tri-

THE FORMS OF STEAMSHIPS.

From " Engineering."

At the time when the principal resistance

to the motion of vessels through water was
believed to be head resistance, or so-called

midship section resistance—and the time is

not so long ago—nearly all attempts at im-

provement in form consisted in fining the

bow and stern ; in diminishing the area of

midship section, or rather in providing a

given displacement by means of longer, nar-

rower, and shallower ships ; and, finally, by
introducing Mr. Scott Russell's elegant

refinement of wave lines. It was very long

ago evident, however, that there was another

resistance, viz : that occasioned by the ad-

hesion of the water to the entire wetted sur-

face of the vessel—a resistance now widely

and well known as "skin friction." All

resistance that was not head and stern

resistance was undeniably skin friction, since

there were no other known or conceivable

resistances to be overcome. But while ves-

sels were propelled by sails only, it was im-

possible to ascertain the real amount of

power expended in driving them, and thus

there were no means of ascertaining the

relative proportions of the two kinds of

resistance to each other.

It was possible, even then, however, to

calculate nearly the amount of head resist-

ance for a vessel of given midship section

and given angle of bows at any given speed.

A flat-fronted or square-ended bow, moving
at any given velocity, would, it is true, carry! angle, the head and stern resistance would

before it a wedge of what may be called I be diminished to one-fourth of what has

dead water, and although the identical been estimated for a flat-ended bow and

water thus carried might be, from time to, stern, supposed to strike and receive the

time, changed bv internal currents, gene-, water at right angles to their faces. If the

rated by fluid friction, this bow of dead bow and stern were, each, made twice as

water would divide and turn aside the water' long as their width, giving an angle of 1 in

in front. The case is the same as that to I 4, or 14° 30', on either side of the keel, the

be noticed on the up-stream side of bridge ' water would be turned aside and afterwards

piers, where floating objects are seen to

diverge from the general direction of the

current, preparatory to their taking one or

the pther side of the pier, one hundred or

replaced with but one-fourth the velocity

estimated in the case of the square-ended

bow and stern, and the power thus required

would be but one^sixteenth that first esti-
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mated, the power required being always as

the square of the velocity of lateral dis-

placement. If the bow and stern were
again beveled, to an angle of 1 in 6 or 9°

30', on either side of the keel, the length of

bow and stern, respectively, being three

times the breadth of beam, the head and
stern resistance would be but the one-thirty-

sixth part that first estimated ; and if an

angle of 1 in 8, or 7° 10', were adopted, the

head and stern resistance would fall off to

but one-sixty-fourth that estimated for the

square-ended bow and stern. It is thus

that the head and stern resistances fall so

rapidly, as the bows and stern are made
finer and finer, and that they soon cease, as

Mr. Phipps has shown in his letters, to form
the principal resistance. But the resist-

ance implied by a wedge formed bow and
stern is a resistance involving the loss of

dismissing the water, displaced laterally,

with a final velocity sufficient to carry it

beyond the mid-body of the hull, whereas it

should fall to rest alongside. Every inch

of motion of the displaced particles which

carries them beyond the ship's beam is a

direct loss of power. The fore body, there-

fore, is eased off by a curve connecting it

with the mid-body to diminish the dis-

placing motion, or, rather, to allow the dis-

placed particles to drop of themselves into

their proper places by expended momentum.
Finally, by hollow water iines at the en-

trance, the shock, whatever it may be, of

instantaneously giving to the displaced

water its full lateral velocity is greatly les-

sened and nearly extinguished, by setting it

gradually into a motion like that of a pen-

dulum.
Following the same general principles in

forming the stern, we reach a point where
the head and stern resistances may be

diminished, in some cases, to the one-hun-

dredth part of those attending a flat-fronted

bow and a flat-backed stern.

Simple and obvious as this general view
of the resistances to the motion of vessels

through water may appear, the subject is

one which has very seldom, if ever, we
think, been popularly treated, and it is one

upon which misconceptions may be easily

formed from the many apparent difficulties

with which a first view surrounds it. If not

a spontaneous, it is, at least, a not unwill-

ing acknowledgement to say that some of

these misconceptions have been embodied,
before now, in our own columns, and Mr.
Phipps, who has so well considered the phe-

nomena of the hydraulics of marine propul-

sion has done good service in suggesting, in

his own courteous manner, what was to have
been said to the contrary.

If, then, as can be estimated with tolera-

ble exactness, we know the effective engine

power actually utilized in driving a steam-
ship, or, in other words, its absolute resist-

ance; and if we then find by calculation

that the head and stern resistances form but

a small fraction of this resistance, the re-

mainder can be nothing else than skin fric-

tion, since, as already observed at the com-
mencement of this article, there are no other

known or conceivable resistances beyond
those, of course, of wind, tide, and currents,

to be overcome. It must be acknowledged
that we have long ago passed that stage of

improvement in the forms of vessels which
left their resistance of form a minimum and
their resistance of surface a maximum.

T
he New Wonders of the World.—
Under the heading, " Mirabilia Mundi

:

VIII, IX et X," "Engineering" says: The
Suez Canal, which, not a dozen years ago,

was ridiculed here, in engineering England,
as a visionary, if not an impractical, scheme,

will be virtually completed "this year, and
Captain Tyler is already reporting to the

Board of Trade upon the probable early

passage of large ocean steamships direct

from Port Said to Suez, on their way from
Southampton to Bombay. After passing-

through the impossible stage, and landing

safely on the improbable, this great work
was said to be one of £. s. d., as, indeed,

most works are, and money, it was said,

could not be found to make it. But it will

not have cost, according to authoritative

statement more than £10,000,000 when
completed, a cost not so very far beyond
that estimated for the Metropolitan Rail-

way system with its extensions.

The Pacific Railroad, completing the

chain of railways 3,300 miles long, from
New York to San Francisco, or, in other

words, connecting the Atlantic and Pacific

oceans, has already been opened this year,

although in an incomplete state. But it is

something that passenger trains are running

daily over 1,721 miles of a continuous new
line, made wholly within the last three

years, and crossing a mountain range at an
elevation higher than that of any other rail-

way in Christendom.

The Mount Cenis Tunnel, as long, 7|
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miles, as that part of the Thames, following

all the windings, between London Bridge

and Putney Bridge, is making rapid pro-

gress, and may already count as one of the

wonders of the world. Yet even now, when
so far advanced towards completion, the

great tunnel affords room for the most
doubtful speculation, the " Times " Paris

correspondent dwelling gloomily upon the

prospect of tapping a lake somewhere inside

of the mountain !

Wonders never cease, yet the French At-

lantic Cable, if successfully laid this year,

as presumably it will be, will be no wonder
at all, for are there not two cables like it

already laid across the bed of the Atlantic ?

We now perceive that no one of these

great
e
works possessed the fatal defect of im-

possibility; indeed, they almost appear as

if, from the first, they were conspicuously

practicable and simple in their character,

requiring, of course, time and money, and,

perhaps, just a little skill. None of them
happen to be the works of English engi-

neers, so we can afford to be somewhat com-
plaisant— don't let us say patronizing.

But there is a work in prospect which
English genius may yet achieve— and it

will assuredly be by English genius if

achieved at all—which, not in mere length,

nor in geometrical magnitude, but in the

stretch which it might impose upon the

highest resources of the combined skill,

patience, and courage which a whole insti-

tute of engineers ever possessed, will sur-

pass any one of the great modern wonders
of the world which we have enumerated.

That work is the Channel Tunnel. It is a

work depending upon a great engineering

IF, and a great financial IF, and possibly,

although we trust not, upon a great political

IF. Of the three ifs, possibly the engi-

neering if is the greatest, although we would
wish to believe otherwise— indeed, there

are reasons for believing otherwise. In that

submarine valley between Dover and Cape
Grisnez, twenty miles across, and 200 ft.

deep, can the chalk be depended upon as

continuous ? Mr. Hawkshaw's borings have
probably already well-nigh settled that. A
single deep fissure, filled with sand, would
pour in a torrent, under a pressure, in mid-

channel, of at least 100 lbs. per square inch,

sweeping everything beneath it. One is

tempted into a wide field of geological spec-

ulation upon the subject, but it may be dis-

missed for the present with this hasty sug-

gestion.

IRON SHIPBUILDING.
Abstract of a paper before the London Association of
Foremen Engineers, by Mr. James Rae, aud of tho
discussion, by Mr. E. J. Reed.

The frequent disasters to iron ships must
be in most cases attributed to defective con-

struction. Iron ships, as a rule, were built

with frames of that metal, the outer skin

being formed of plates of iron and the inner

one of timber planking. This latter served

as a floor for the reception of the cargo, but

it was no safeguard in the event of the outer

skin being penetrated. Great stress had
sometimes been put upon the efficiency of

bulkheads. Practically they were really of

little value. Steamships were usually fur-

nished with four or five. These were sup-

posed to be water-tight. Too frequently it

was found, in the fell moment of peril, that

they were nothing of the kind, and that

after a collision it might be said of the ves-

sel that she contained "water, water every-

where," whilst the pumps were incapable of

discharging it. Bulkheads were, in ninety-

nine cases out of the hundred, illusory and
deceptive protectors of iron ships. Ves-

sels of this kind, as now constructed, were
calculated well enough for ordinary service

under favorable circumstances, but were
totally unfitted to contend against the ex-

traordinary accidents which often befell

them at sea. It was quite true that the

past twelve years had witnessed great im-

provements in the construction of iron ves-

sels, both as regarded the quality of the

material used and in its mode of application.

The author of the paper introduced at this

point some startling facts which had come
under his own notice when engaged as mana-
ger for a large shipbuilding company, and
which demonstrated very forcibly the hap-

hazard modes of construction commonly
practiced not many years since. Mr. Rae
also took some credit to himself for remedy-

ing the evils to which he referred, and
especially considered himself entitled to

commendation for having been the first to

introduce the plate-planing machine into

the shipbuilding yard. This apparatus was

now almost universally employed instead of,

or as supplementary to, the shearing ma-
chine, and Lloyd's rules distinctly specify

that all "butts" shall be planed. The
economy and the excellence of iron ship-

building had been enhanced in a remarkable

degree by the use of the planing machine.

The author next addressed himself to the

question of internal defects in the construe-
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tion of iron ships, and pointed out more
particularly the weakness which was former-

ly observable in regard to the head and
stern. In 1858 he decided to commence
an improved system of connecting the stem
and stern of vessels entrusted to his build-

ing with the keelson. The keelson plate

was, in reality, carried up the stem and
stern to a considerable height, and the

solidity of the vessel was thus increased

three-fold. The plan was patented, but,

by a legal quibble, the inventor derived no
advantage in a pecuniary sense, but, on the

contrary, sustained a heavy loss in the shape

of costs. The Admiralty had adopted the

scheme without recognizing its promoter,

and it was now public property, for all who
were engaged in iron shipbuilding know its

value and used it as freely as the Grovern-

ment.

Mr. Kae then proceeded to say that all

iron vessels ought to be built with an inter-

nal as well as an external iron skin, the lat-

ter of course being of the greater thickness.

Both skins should be made perfectly water-

tight. Between the inner and the outer

skins a series of bulkheads, say 9 ft. apart,

and extending from gunwale to gunwale,

should be affixed. The spaces between the

bulkheads should be filled in with asphalte,

so as to prevent water passing from one
space to another. Such an arrangement
would add but little to the original cost of

the ship, whilst it would increase her

strength fully fifty per cent.

Mr. E. J. Heed, Chief Constructor of the

Navy, commenced the discussion which fol-

lowed the paper, and in doing so said that

he agreed with its author as to the generally

faulty construction of iron ships as built

some few years since. Even now he thought
that legislation might be beneficially em-
ployed in regard to the construction of iron

ships for commercial purposes. He con-

sidered that the Admiralty had not acted

unfairly towards the reader of the paper.

That gentleman had no doubt discovered

the weak points to which he had referred in

regard to the stems and sterns of the older

iron ships, but so had many others, and it

was hardly to be expected that so self-evi-

dent an improvement could come under the

prohibitory provisions of letters-patent.

As to the double-skinned vessel with
asphalte "filling" between the bulkheads,
he had little faith in it. The ship in such
case would be permanently loaded very
much to her detriment, whilst the contingent

advantage was problematical. He wished
also to say that in every instance where
bulkheads were used in the royal navy,
their water-tight qualities were tested by
hydraulic pressure.

EXPLOSIVE AGENTS.
Abstract of a paper read before the Royal Society

by F. A. Abel, F. R. S.

The degree of rapidity with which an ex-
plosive substance undergoes metamorphosis,
as also the nature and results of such change,
are, in the greater number of instances, sus-

ceptible of several modifications by variation

of the circumstances under which the condi-

tions essential to chemical change are ful-

filled.

Excellent illustrations of the modes by
which such modifications may be brought
about are furnished by gun-cotton, which
may be made to burn very slowly, almost
without flame, to inflame with great rapidity

but without development of great explosive
force, or to exercise a violent destructive ac-

tion, according as the mode of applying
heat, the circumstances attending such ap-

plication of heat, and the mechanical condi-

tion of the explosive agent, are modified.*

The character of explosion and the mechan-
ical force developed, within given periods,

by the metamorphosis of explosive mixtures,
such as gunpowder, is similarly subject to

modifications ; and even the most violent

explosive compounds known (the mercuric
and silver fulminates, and the chloride and
iodide of nitrogen) behave in very different

ways under the operation of heat or other

disturbing influences, according to the cir-

cumstances which attend the metamorphosis
of the explosive agent (e. g., the position of
the source of heat with reference to the mass
of the substance to be exploded, or the ex-

tent of initial resistance opposed to the

escape of the products of explosion).

Some new and striking illustrations have
been obtained of the susceptibility to modi-
fication in explosive action possessed by
these substances.

The product of the action of nitric acid

upon glycerine,, known as nitroglycerine or

glonoine, which bears some resemblance to

chloride of nitrogen in its power of sudden
explosion, requires the fulfillment of special

conditions for the development of its explo-

sive force. Its explosion by the simple ap-

* Proceedings of the Royal Society, vol. xiii., pp.
205 et seq.
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plication of heat can only be accomplished

if the source of heat be applied, for a pro-

tracted period, in such a way that chemical

decomposition is established in some portion

of the mass, and is favored by the continued

application of heat to that part. Under
these circumstances the chemical change
proceeds with very rapidly accelerating vio-

lence, and the sudden transformation into

gaseous products of the heated portion

eventually results, a transformation which
is* instantly communicated throughout the

mass of nitroglycerine, so that confinement

of the substance is not necessary to develop

its full explosive force. This result can be

obtained more expeditiously and with greater

certainty by exposing the substance to the

concussive action of a detonation produced

by the ignition of a small quantity of ful-

minating powder, closely confined and placed

in contact with, or proximity to, the nitro-

glycerine.

The development of the violent explosive

action of nitroglycerine, freely exposed to

air, through the agency of a detonation, was
regarded until recently as a peculiarity of

that substance ; it is now demonstrated that

gun-cotton and other explosive compounds
and mixtures do not necessarily require con-

finement for the full development of their

explosive force, but that this result is attain-

able (and very readily in some instances,

especially in the case of gun-cotton) by
means similar to those applied in the case of

nitroglycerine.

The manner in which a detonation ope-

rates in determining the violent explosion of

gun-cotton, nitroglycerine, etc., has been
made the subject of careful investigation.

It is demonstrated experimentally that the

result cannot be ascribed to the direct opera-

tion of the heat developed by the chemical
changes of the charge of detonating material

used as the exploding agent. An experi-

mental comparison of the mechanical force

exerted by different explosive compounds,
and by the same compound employed in dif-

ferent ways, has shown that the remarkable
power possessed by the explosion of small

quantities of certain bodies (the mercuric-

and silver-fulminates) to accomplish the de-

tonation of gun-cotton, while comparatively
very large quantities of other highly ex-

plosive agents are incapable of producing
that result, is generally accounted for satis-

factorily by the difference in the amount of

force suddenly brought to bear in the differ-

ent instances upon some portion of the mass

operated upon. Most generally, therefore,

the degree of facility with which the deto-

nation of a substance will develop similar

change in a neighboring explosive substance,

may be regarded as proportionate to the

amount of force developed within the short-

est period of time by that detonation, the

latter being, in fact, analogous in its opera-

tion to that of a blow from a hammer, or of

the impact of a projectile.

Several remarkable results of an excep-

tional character have been obtained, which
indicate that the development of explosive

force under the circumstances referred to is

not always simple, ascribable to the sudden
operation of mechanical force. These were
especially observed in the course of a com-
parison of the conditions essential to the

detonation of gun-cotton and of nitroglycer-

ine by means of particular explosive agents

(chloride of nitrogen, etc.), as well as in an
examination into the effects produced upon
each other by the detonation of those two
substances.

The explanation offered of these excep-

tional results is to the effect that the vibra-

tions attendant upon a particular explosion,

if synchronous with those which would re-

sult from the explosion of a neighboring

substance in a state of high chemical ten-

sion, will by their tendency to develop

those vibrations, either determine the explo-

sion of that substance, or at any rate greatly

aid the disturbing effect of mechanical force

suddenly applied, while, in the instance of

another explosion, which develops vibratory

impulses of different character, the mechan-
ical force applied through its agency has to

operate with little or no aid
;
greater force,

or a more powerful detonation, being there-

fore required in the latter instance to ac-

complish the same result.

Instances of the apparently simultaneous

explosion of numerous distinct and even

somewhat widely separated masses of ex-

plosive substances (such as simultaneous ex-

plosions in several distinct buildings at pow-
der-mills) do not unfrequently occur, in

which the generation of a disruptive impulse

by the first or initiative explosion, which is

communicated with extreme rapidity to con-

tiguous masses of the same nature, appears

much more likely to be the operating cause,

than that such simultaneous explosions

should be brought about by the direct opera-

tion of heat and mechanical force.

A practical examination has been institut-

ed into the influence which the explosion of
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gun-cotton, through the agency of a detona-

tion, exercises upon the nature of its meta-

morphosis, upon the character and effects of

its explosion, and upon the uses to which
gun-cotton is susceptible of application.

THE VENTILATION AND TRAPPING OF
DRAINS.

From a paper before the

Lotegrove, Esq.
society of Arts, by James
Assoc. Inst. C. E.

The subject embraces the ventilation of

drains, the trapping of gullies, and the va-

rious modes adopted for preventing sewer

air passing out of gully and drain inlets.

The author of this paper has been led to

attach considerable importance to the sub-

ject of drain ventilation, in consequence of

having, in many instances, observed in

houses where sanitary works had been car-

ried out, a larger amount of effluvia after

the execution of drainage works than existed

before. He therefore purposes, in order

that the subject may be fully and fairly put

before the Society, to refer to the various

means by which sewage matter has hitherto

been conveyed from houses ; to notice the

effect upon the air in drains of discharging

sewage matter into them ; to suggest a new
mode of ventilation ; and also to consider

the means usually employed to prevent the

escape of sewer air through gully and drain

inlets.

Some twenty or thirty years ago, public

sewers were permitted to receive waste and
refuse waters only, the closet drainage being

carried into cesspools. The wash-house
sink discharged the waste on to the surface

of the back yard, by a pipe which passed

through a hole in the external wall ; the

other waste water flowed along an uncov-
ered drain beneath the floor of the house,

and thence over the surface of the footway
into the side channel of the street, so that,

at all times during the day, a dirty stream
of sewage might have been seen flowing

along the channel. The exhalations from
the uncovered cesspool, from the soaked and
saturated materials of the uncovered drain,

and from the exposed stream of sewage in

the street, were most offensive. A covered
sewer along such a street was next intro-

duced. Gradually, covered drains were
constructed beneath the houses, and con-
nected with the new sewer, but with un-
trapped inlets, and untrapped gullies were
also formed in the street channels to carry
off the surface water. Thousands of cess-

pools were next connected with the sewer

by overflow drains, and these allowed the

effluvia therefrom to escape through the

inlet opening, and caused a nuisance as

great, or nearly so, as existed under the

original state of things.

The next step was that of abolishing cess-

pools, and fixing pan-inlets, in direct con-

nection with the drain leading into the

sewer. The result was that, although the

nuisance arising from the cesspools had been
removed, the effluvium escaping through

the untrapped drains and gullies was in-

creased tenfold. The cesspool had been a

long-standing abomination before the water-

closet was thought of as the readiest way of

getting rid of the nuisance. But this rem-
edy, though so universally adopted, should

be regarded by all as one of a palliative

character only, as it not only causes the

pollution of our rivers, but requires more
than half the water supply to keep the clos-

ets clean. It is, however, hoped that modes
of collecting the excreta and the most valua-

ble portion of town sewage, without destroy-

ing their valuable properties, will, ere long,

be introduced, and that the sewers will sim-

ply be put to their original use of receiving

waste and refuse waters only. The dry

earth closet may be a step in the right

direction, and should receive a fair trial,

in spite of the few difficulties which have to

be met with at the outset.

In inquiring into the causes of air cur-

rents, either from or within drains, it is sug-

gested that the variable flow of sewage has

a powerful influence on the air within the

drain, whilst that produced by rainfall has

still greater, and the variations of tempera-
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ture are another cause of displacement and

renewal of drain air. The table shows a

series of observations taken at the outlets

of drains, at the points of connection with

the sewer. They were taken by Biram's

anenometer, and the results show that up

and down currents of air are constantly

passing to and fro. Whenever an up-cur-

rent issues through a drain opening, it must

be manifest that some of the inlets of such

drains are untrapped, and, therefore, sewer

air must be escaping through such untrapped

inlets, to the danger of those who reside in

the house. In the construction of gully

inlets there are two principles which should

be strictly observed, viz.

:

1. To prevent, as far as practicable, the

entry of road detritus into the sewer.

2. To prevent the escape of sewer air

through the inlet.

Various methods have been adopted.

Twenty different forms of traps in general

use are all dependent on being constantly

charged with water, and may be easily

proved to be inefficient for the purposes for

which they were designed, and for these

reasons should be condemned. The sewer

air is separated from the atmosphere by the

^-inch of water, or at the most an inch, and

a few days' dry weather is sufficient to un-

trap most of the gully inlets, as the water

quickly evaporates to below the siphon-dip.

This evaporation is aided, in many cases,

by the absorbing power of the materials with

which the inlets are constructed, and also

by matters falling into them. These gully

traps are often fixed in a narrow street close

to the open doors and windows of the houses,

and are, it is feared, in many instances, the

cause of much ill-health. Traps construct-

ed on this principle have been observed by
the author in an untrapped condition, in

Derby, Leicester, Windsor, and other places.

Another form of trap, largely used for street

gullies in the metropolis, is known as the

shackle-flap, sometimes fixed at the end of a

12-inch or 15-inch length of pipe, and some-

times in the form of a square block. The
flap and its seating form two plain metallic

surfaces, and it therefore does not admit of

partial separation of the surfaces, as the

smallest possible opening made by the over-

flowing water separates the surface through-

out, so that, while the water is flowing

through the lower part of the valve, the

sewer air escapes through the upper part.

The flaps are sometimes fixed at the point

of connection with the sewer ; their action

has been tested where thus fixed. A lighted

candle has been held at the sides of the flap

during the passage of water through the

gully, and a strong current of sewer air

was found passing through the upper part

of the flap during the period of flow. The
system adopted by the author is constructed

on the two principles hereinbefore mention-

ed, and forms a combination of the siphon-

dip and shackle-flap. It is made in two
forms ; one form having the appearance of

a bent tube, nearly semicircular in shape,

and inserted so that one end of the tube,

called the siphon-dip, dips into the cesspit

beneath the gully grating, and the other

discharges into the outlet, the valve-flap

being fixed within the tube. The other

form is that of an oblong block of stone-

ware, having a 6-inch opening formed diag-

onally through it, so that the valve on the

outlet side is from 1 to 2 inches higher than

the opening in the block on the cesspit side,

both on the same principle, but in different

form. The siphon-dip prevents the escape

of sewer air through the upper part of the

shackle-flap during the period of flow, and
the flap resists the upward pressure of the

sewer air, thus effectually sealing the inlet.

The pressure of the sewer air within assists

in closing the flap, whilst the pressure on

the inner face by the atmosphere opens

the flap, and allows a refreshing current of

air to pass into the sewer. This current is

generally so strong as almost to blow out

the light when placed near to the flap, and

should be maintained, but so as not to admit

of the escape of sewer air.*

The escape of sewer air into houses gave

rise to the adoption of various forms of traps.

For drain inlets, I believe the first trap used

was the dip-trap—a brick cesspit formed

usually about 18 in. square and 6 in. below

the drain, the inlet on one side being sep-

arated from the outlet on the other side by

a division of stone, slate, or iron, made to

dip about an inch into the water of the drain.

The well-known common siphon was an im-

provement on the old dip-trap for the main

line of drain, and in a ventilated drain these

are efficient, inasmuch as, from one source

or another, they are always charged with

water. This form of trap is used by the

author in combination with an air tube and

valve, the latter acting as a ventilator. The
principle of the water-dip has been put into

* Gully and drain traps on this system are made
by Mr. Jennings, of Lambeth.
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various forms of drain inlets, but they all are

dependent on a very small thickness of water
for their action, and are quickly untrapped

by evaporation, and then the result is pre-

cisely the same as if there were no trap at

all. The common bell-trap is more fre-

quently met with than any other form of

trap. The mere film of water at the rim of

the inverted bell is supposed to prevent

sewer air passing through, but, generally

speaking, when the sewers are in the most

foul condition, that is, in the summer sea-

son, the required film of water is not in the

trap, and it then forms a sewer ventilator.

A piece of house-flannel, cotton, or other

similar matter entering the bell-trap inlets,

will often hang partly in the bell basin and

partly out, and, by siphonic action, quickly

draw off the water to a level below the rim

of the inverted bell. These traps exist in

almost every he use, and are the cause of a

large amount of illness. These remarks are

applicable to all the forms of trap dependent

on a constant film of water for their action,

which are, consequently, not reliable.

[The paper then gives a number of exam-
ples of drains becoming untrapped in hos-

pitals, residences, &c. ; among others, the

following
:]

In a public hospital, near Portman-square,

a brick drain in direct connection with the

sewer passed sewer-air inwards so strongly

as to blow out the flame of a candle. This

drain continued through the building, and
received in its way the raised sink-inlets,

also the drainage from the lavatories, sinks,

and water-closets on the upper floor. In

this case, when water was passed from one

or other of the inlets, it caused the contain-

ed air first to press against the water in the

inlet water-traps, and, on reaction, to draw
off sufficient water to untrap the inlet.

Thus, through one or other of the inlets,

air was generally escaping into the house.

In further considering the action of drain-

traps, we will refer to a drain trapped at its

outlet with a shackle-flap, and the several

inlets trapped with the ordinary water-traps.

When water is poured into a drain thus con-

structed, the result depends in a measure
on the relative weight of the shackle-flap at

the outlet as compared with the resisting

power of the water-traps. If the flap be
lighter, the pressure exerted on the air con-

tained in the drain by the in-flowing water,

will act on the inner face of the flap, force

it open, and discharge a bulk of air into the

sewer. Then, while the water is passing

through the lower part of the flap, the sewer
air will enter by the upper part, and thus

the drain will be filled with sewer air, even
while the water-traps are full. If one of

the inlet-traps were unsealed, the air would
pass through the unsealed trap instead of

into the sewer. If the shackle-flap be the

stronger resistant of pressure, the water
poured into the drain will act on the surface

of the water in the weakest of the water-
traps, and impart to it a rocking motion,

causing part of it to flow out of its basin.

The atmosphere will also press on it, in the

endeavor to take the place of the out-flowing

water, and thus untrap the inlet, so as to

allow the sewer air to enter the upper part

of the shackle-flap during the period of flow.

Then, if the outlet-trap be a common siphon,

or the old form of dip-trap (which in princi-

ple are both precisely the same), then the

sewer air will be entirely shut off, but the

force of displacement of the contained drain

air will most likely enter the house through
the kitchen sink, as the air of the drains

must escape somewhere, under the pressure

of in-flowing water. In such a drain, the

more water there is thrown into it, the more
effluvia will escape. The slimy coating also

of the interior of a long length of drain, is

of itself sufficient to contaminate the con-

tained air, no matter what fall the drain

may have. In the methods just described,

the one idea has been an unsuccessful en-

deavor to stop the opening from which the

smell escaped, without inquiring if this or

that opening is stopped, what will become
of the foul air, what new state of things is

produced, and what are the influences actu-

ally at work. Certain it is, that the more
generally adopted of trapping inlet-drains

favors the escape of sewer air into the

houses.

Now, all that has been stated suggests

that, in the trapping of drains, there must
be provided

—

1st. A ready and proper outlet for the

escape of the drain-air when under pressure.

2nd. A means of supplying air to the

drain, to follow the out-flowing water.

3rd. Such a construction of the inlet-traps

as will effectually prevent the escape of

drain-air.

The way in which these three principles

may be applied is as follows : The outlet-

trap is fixed at or near the point where the

drain is connected with the sewer, and is

made in one piece, with a siphon-dip, to shut

off the sewer air, and an air-exit tube pass-
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ing over the siphon-dip. Then, at the

mouth of the air-tube a light metal air-valve

is placed, so as to open outwards from the

tube into the sewer on receiving a light

pressure from within. Thus, when water

is discharged into the drain, or a decided

difference of temperature exists, the press-

ure of the air is exerted on the inner face

of the valve, which then opens, and allows

the drain-air to pass into the sewer. The
siphon-dip, without the shackle-flap, is ad-

missible at the outlet of a ventilated drain,

as it is always charged with water. Then,
at the several inlets are" fixed valves to work
freely, with siphon-dips behind them, ex-

cepting the water-closets and scullery-sinks.

The valve shuts off the drain-air, whether
there is water in the trap or not, and the

siphon-dip prevents the escape of drain-air,

during the period of flow, through the upper

part of the valve. No amount of pressure

from within the drain, or atmospheric influ-

ence from without, can affect the efficiency

of these traps. Next, in any part of the

drain (near the extremity is best) is placed

an air-supply post, containing a light air-

supply valve, which opens inward to the

drain on a light pressure, so that when the

water is emptied into the drain (having first

displaced air through the outlet air-valve)

flows out of the drain, it is followed by a

supply of air through the air-supply port.

The more water discharged into the drain,

the more frequent will be the removal of

air. In the application of this principle to

a drain having inlets at a considerable ele-

vation, in lieu of the air-escape at the outlet

traps, an air tube is carried from the high-

est point of the drain to a height as far as

possible from the windows and the influence

of chimney down-draught. The inlets are

secured by the same mode as that just pre-

viously described, a common siphon at the

outlet, and the air-supply valve fixed near

the outlet of the drain. By this mode a

current of air is obtained from the lower

part, passing through the drain, and dis-

charging above the roof. In many instances

air supply is obtained freely through the

valve-sink inlets.

In the case of a house-drain connecting

into a pipe-sewer, in order to obtain a ready

access to the air-valve and siphon-dip, the

air-tube is continued on to the surface side

of the dip, where it receives a box, contain-

ing the air-exit valve. The air-tube thence

continues down to the outlet side of the dip,

and the air is discharged into the sewer.

The form of sink made for a garden-sink

is adapted for yards, areas, stables, gardens,

cellars, &c. A cheaper one for cottages is

made in stoneware, with spigot-ends at the

valve-mouth to fit the socket of an ordinary

draiu-pipe, and finished with a socket-flange

at the top, to receive a perforated iron or

stoneware plate ; the workman laying the

drain can thus complete his work without

sending for the bricklayer, laborer, bricks,

and cement, to form the receiver usually

constructed beneath a bell-trap or 5-hole

sink.

The form used for stables and large yard
surfaces is made wholly of iron. An iron

nozzle-piece is attached to the outlet, form-

ing a spigot-piece, and is made to fit into an
ordinary socket-pipe.

Scullery sinks are very difficult things to

secure, because of the rapid accumulation of

grease. Valves are inadmissible, except in

the form of a gully-trap and receiver, which
are found to be safe and effectual. The
pipe from the sink should, in that case, be

continued so as to dip into the receiver. In
small scullery-sinks a deep form of garden-

sink, without the valve, would be much
cheaper, and is found to be effectual. The
valve is also unsuitable for a closet-inlet, as

the paper clogs the valve, and the siphon-

trap of the closet is never dry, and is not

subject to variation in a ventilated drain.

A few words on the subject of water-

closets. It is as well to state some objec-

tions to the form of closet in general use.

The well-known valve-closet, formed by a

valve about 2 in. in diameter, closing at the

lower part of the pan, is liable to leakage

at the valve, and, when this occurs, the cor-

rupted air contained in the iron chamber
beneath escapes into the house.

A large number of copper and zinc pan-

closets are in use. We have first the stone-

ware basin, then a swing pan of copper and
zinc, then a large iron pan beneath these,

and this iron pan has a surface of metal
coated with foul matter equal to 4| ft., and
in contact with the external air. The com-

mon closet-pan contains one-third of a foot

super., but the most cleanly closet I have
met with is one made by Mr. Jennings,

which was in use at the last Great Exhibi-

tion, exposing a surface of 1^ ft. only in

contact with the soil, giving off the least

amount of effluvia. A common stoneware

pan is preferable by far, in the matter of

cleanliness, to many of those costly contriv-

ances that are in daily use.
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In conclusion, the author hoped that the

importance of this subject would be an ex-

cuse for the length of this paper.

COAL BURNING ENGINES IN ENGLAND.
In a series of articles on Railway Econ-

omy in " Herepath's Railway Journal," a

history of the devices for preventing smoke
and burning coal economically, is given, and
the present practice is described.

The means that have been chiefly em-
ployed are extended fire grate surface, so as

to have a thinner fire and afford a larger

area for the passage of the air ; and stepping

or inclining the grate at a considerable

angle, so that the coal being introduced
close to the fire door, may gradually travel

forwards as it parts with its gases and be-

comes incandescent, and thus ignite the

gases that pass over it from the fresh fuel

;

making a double fire box with the same ob-

ject ; the application of a combustion cham-
ber with or without fire-bricks, which
become heated and ignite the gaseous pro-

ducts as they pass through or over them

;

and combined with these, various plans for

admitting the requisite supply of air above
the fuel, either by deflecting it as it passes

through the fire door, or by introducing it

through tubes or air passages.

Gray and Chanter in 1847 divided the

fire box into two parts and admitted air

above the fire. Dewrance improved upon
this idea in 1845, and McConnell again in

1853, both these experimenters using the

combustion chamber. The trouble, up to

this time, was to ignite the gases distilled

from the coal. In 1855 this was perfectly

accomplished by Beattie,* but at the ex-

pense of maintaining and transporting some
tons of fire-bricks. Cudworth's inclined

grate came into some favor about this time.

In 1856 Messrs. Dubs and Douglas applied

a deflecting feather proceeding from the

back of the fire-box towards the tube plate,

to cause the gaseous products of the coal to

descend on the incandescent fuel and thus

become ignited, and Mr. Dubs, in connec-

tion with Mr. Evans, in 1857 added to this

a movable inclined grate, which could be
raised or lowered at will, for the proper

management of the fire.

In 1857 Mr. Yarrow introduced a flat

arch of fire-brick in the interior of the ordi-

nary fire-box, placed at a considerable incli-

* See " European Railways," Colburn and Holley,
for details.

nation, the lower side commencing just under

the lowest row of tubes, projecting upwards
until within eight or ten inches of the roof

of the fire-box ; tubes were also provided in
.

the tube plate under the arch as well as in

the fire-door for the admission of air.

The gases would thus be deflected, and
have to pass round this brick arch, being at

the same time heated and supplied with a

fresh dose of oxygen from the air rushing in

through the tubes. Considering that this

was simply a modification of the fire-box

originally designed to burn coke, the results

were very satisfactory. A very similar •

plan was introduced by Mr. Jenkins on the

Lancashire and Yorkshire railway, but in

place of a fire-brick arch he employed a

curved deflector of cast iron similarly placed,

but perforated near its outer edge with

numerous holes. He also employed air tubes

at the front of the fire-box under the fire-

door, as well as at the back under the tubes.

In 1857 Mr. D. K. Clark devised a

system of forcing air into the fire-box

through air tubes placed at the sides by
fine steam jets directed from the outside

and passing through the air tubes, which
acting in a similar way to the blast pipe of

the engine, caused currents of air to rush

into the fire-box with great force. The ori-

fice of the jets is but T^ inch in diame-

ter, the air tubes \ in. This simple ar-

rangement was found to completely prevent

smoke without any further appliance. It

has been at work satisfactorily on several

lines, and has been adopted on all the loco-

motive stock on the Great North of Scot-

land railway. Whether the steam which is

introduced into the fire-box performs any

office beyond the mere mechanical one of

drawing the air in along with it, in produc-

ing any new chemical combination which

would facilitate the combustion of the vola-

tile gases, does not seem to have been inves-

tigated. It would, however, to some extent

warm the air, and perhaps make good the

loss from the use of the steam in this man-
ner ; and it is supposed that the steam has

some power to precipitate the carbonaceous

particles which remain unconsumed ; at any

rate the plan seems to be very economical.

There is one advantage possessed by this

plan over most others, viz., that by the use

of these steam jets when the engine is in a

station the smoke can be prevented, as they

act in a more direct manner than a jet in

the chimney.

In 1858 Mr. Wilson introduced a system
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of air tubes which extended from the fire-

box right under the boiler to outside the

front of the smoke-box. This arrangement

would partly effect the object of Mr. Clark's

steam jets when the engine was running,

since the air would then be driven through

these tubes into the fire-box with consider-

able force. Mr. Kamsbotham also about

the same time provided two small doors in

front of the fire-box, under the barrel of the

boiler, with regulating valves for the ad-

mission of air above the fuel, and just above

these openings he placed an arched fire-brick

deflector, something similar to that of Mr.
Yarrow.

Messrs. Lee and Jaques also introduced

a somewhat similar arrangement as regards

the projecting fire-brick arch, but they com-
bined with this a deflector fixed to the top

of the fire-door. This deflector projected

into the fire-box sloping downwards, the

door itself being underhung and provided

with a valve for the admission of air, the

opening and closing of which was regulated

by a sector. The air being drawn in through

the valve in the fire-door, would by means
of the deflector be directed downwards, and
mix with the gases, and their combustion be
effected by impinging on the incandescent

fuel, and the brick arch fixed against the

plate. t About the same time Mr. Frodsham
employed a deflecting plate over the fire-

door, but the brick-arch was omitted, and
in place thereof two steam jets were intro-

duced, one on each side, into the front part

of the fire-box, impinging downwards upon
the fuel. Mr. Douglas employed a deflector

with the same object, but he combined with
it an inclined fire grate of larger area, which
involved a longer fire-box, and of course

necessitated an alteration in the boiler or

the construction of new engines.

THE LOCOMOTIVE OF THE FUTURE.
From " Engineering."

It would be difficult for the most enthu-

siastic engineering futurist, if at all practi-

cal, to point out the direction in which any
radical improvement in the locomotive en-

gine is to be sought. As long as the resist-

ances opposed to the motion of trains are

what they are, and as long as the present

rates of speed are maintained, the amount
of locomotive power to be provided cannot

t This deflector in front of the fire-door, generally
without the bricks, is now much employed in Eng-
land with quite good results.

—

Ed. V. N. M.

be lessened. There is not the slightest

chance that any other agent than steam will

be employed, in our generation at least, to

produce this power. Compressed air loco-

motives, hot air locomotives, vapor of alco-

hol locomotives, and electro-magnetic loco-

motives have all been tried, and they have
failed for perfectly obvious reasons—reasons

which should have been foreseen by any one
possessing the least knowledge of the motive
agencies thus called into play. Steam, then,

being our only resource, it can be generated
only by the combustion of fuel, and this fuel

must obviously be the cheapest available.

With us, the cheapest fuel is coal. We can
none of us see the way to anything cheaper.

Petroleum may be burnt easily enough—its

use is entirely practicable, but it is too dear.

Even were it cheaper than coal, its use would
involve no important constructive modifica-

tions of the locomotive boiler, and none
whatever, in the working machinery.
And what can be simpler than the loco-

motive boiler as it is. A large amount of

heatiug surface must be provided, and how
could it be better provided ? There are few
who would not desire to welcome improve-

ments were they possible, but it will prove
no easy task to improve upon the principles,

or the construction, of Neville's multitubu-

lar boiler of 1826, as successively improved
in detail by so many locomotive engineers

since George Stephenson first brought it in-

to practical work. The locomotive boiler

has been made in almost every possible form.

There have been twin barrels, double fire-

boxes, round fire-boxes, combustion cham-
bers, mid-feathers, return tubes, water
tubes, water grates—indeed, every imagina-

ble modification of the original structure to

which all successful practice has again re-

turned.

We have no doubt that steel will yet take

an important part in locomotive boiler con-

struction, as it has already done in that of

fixed boilers. The Bolton Steel and Iron

Company appear at last to have produced
Bessemer steel boiler plates which can be
thoroughly depended upon in large quanti-

ties, and there are fire-boxes of a somewhat
kindred material— Howell's homogeneous
metal—which have perfectly withstood nine

years' use on the Scottish Central Railway.
In all this, however, there is no new principle,

and the most that can be hoped from steel, is

somewhat greater economy in repairs, and the

possibility of working higher pressures of

steam, should it prove desirable to do so.
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In the motive machinery of the locomo-

tive, beginning with the regulator and end-

ing with the driving wheels, no improve-

ments beyond those of mechanical detail

appear to be possible. No possible applica-

tion of the principle of the rotary engine

holds out the least hope.

As for the rest, the locomotive engine is

a carriage merely. So much total weight,

divided by so much permissible weight per

wheel, and we have the necessary number of

wheels, to be coupled or not, according to

the requisite adhesion.

It is only as a carriage that we see much
room for improving the locomotive. It does

appear anomalous that with from one hun-

dred to two hundred wheels beneath a train,

none of them loaded beyond 3 or 3^ tons, a

permanent way of twice the strength other-

wise necessary should be required to carry

7 tons each on a pair of driving wheels. It

is equally inconsistent that with wheel bases

of from 8 to 10 ft. under the wagons and
carriages, from 15 to 18 ft. should be neces-

sary for the engine. Were the maximum
weight per wheel not more than 4 tons, and
the maximum wheel base in any one unal-

terable rectangle no more than 10 ft., it is

almost beyond dispute that a very consider-

able economy would be effected in the main-

tenance of the permanent way.

PATENTS.

The abolition of protection for inventions

has frequently been discussed in England,

but the late advocacy of such a step in par-

liament, and by persons of importance and
influence, has created an unusual excitement

among the classes most interested, which

has found copious expression in the London
scientific press. For a government to broadly

declare that the rights of property in inven-

tions should cease, would be as foolish and
suicidal as to broadly declare that there

should be no property except in material,

tangible things—that the intangible results

of one man's mental labor should be the prop-

erty of all men. Under such a law few inven-

tions would be made, simply because they

could not be protected. Successful inven-

tions, that benefit mankind and advance civ-

ilization, are almost invariably the fruit of

costly experiment. The first ideas of the

greatest inventors are crude. Watt, Bes-
semer, Morse, Goodyear, Ransome, Howe,
Corliss, Roberts, Siemens, Ericsson—none
of these men perfected their works at the

Vol. I.—No. 8.-49.

start. Their success is due vastly more to

their persevering warfare against "practical

difficulties"— to the pluck and business

capacity of themselves and their partners,

than to their original discovery or combina-
tion of certain materials and forces. Is it

reasonable to suppose that Bessemer, for

instance, would have worked for five years

against all manner of difficulties, and at a

cost to himself and associates, of many thou-

sands of pounds, to make the pneumatic
process a success, if the sole fruits of his

brain and fortune were to be then snatched

out of his hand, without one penny of com-
pensation ? Yet, just that labor and fortune

had to be risked by somebody, or the pneu-

matic process would have been perfectly

impracticable and useless. Inventions can-

not be protected by being kept secret—there

is no use in arguing this point—and if they

were kept secret, how far would the public be

benefited by them ? If the patent laws are

abolished, all the men who have the capacity

and means to ivork out great improvements,
will have to do so at their own expense, for

the benefit of their rivals in business, and
without hope or right of reward. When
business men present one another with

checks and pig iron and cotton and farms

and machinery, inventors may be expected

to work without protection. In short, if

the patent laws are abolished, the stimulus

to working out inventions and making crude

ideas practicable, will be taken away—there

will be no farther reason why men should

invent, and they will stop inventing. They
may, indeed, start ideas, generally undevel-

oped, but they will not and cannot, on any
other ground than general philanthropy,

undertake the cost of making their ideas

practical and useful, and this is what the

law recognizes as the subject of a patent.

Only two apparently reasonable grounds

of objection to property in inventions have

been put forward. The first is, that only

one in a hundred inventions is useful. Well
—is the public injured because a man ob-

tains a patent for a useless invention, any

more than it would be if he spent the same
money on a useless building ? In the for-

mer case he neither creates nor destroys any

value. But it will be said that the inventor

of a useless machine "ties up" combina-

tions and parts which another man could, if

they were free, make useful. Nothing could

be more at fault than such a statement.

The patent law contemplates a machine that

will perform the functions claimed. If it
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will not, the patent is invalid, and the parts

and combinations are free. If it will, and

the functions are desirable, then the inven-

tion is not useless, and the inventor is enti-

tled to just what he invented—no more. If

another inventor makes an addition that

enlarges or betters the functions, or cheap-

ens the operation, he is entitled to just that

improvement—nothing more—and the parts

and combinations that are tied up by the

first patent, are no more unfairly tied up
than the first inventor's house and shop are

—they do not belong to the second inventor

—he found them the possessions of another.
" But says the objector—" Many patents

claim more than they can accomplish—the

untying of parts and combinations thus in-

volved is a tedious and costly process of

law." This is true, but the embarrassment
is the inventor's, not the public's. If in-

ventors are willing to go to such cost to

establish their claims, the public is not only

uninjured by the process, but it is largely

benefited by the result. Suppose that prop-

erty in patents were unlawful, so that invent-

ors could not test the validity of their works
in the courts, and would have no induce-

ment to do so if they could—how much bet-

ter off would the public be then ? They
would not, indeed, have to pay any royalty

to either contestant, nor would there be any
improvement to use. They could reap by
hand and go on foot at ten times the cost of

machinery, and save a small fraction of their

loss by not paying royalty.

The main argument against the patent

laws is, that where the public possesses, in

common, all the elements of the knowledge
out of which an invention may proceed, it is

unjust that he who happens to have a week's

or a month's start over his fellows in arriv-

ing at an important practical application of

that knowledge—an application which, it is

assumed, scores of others are seeking, and
which, it is furthermore assumed, some of

them would, in a short time, have certainly

attained—it is unjust, the argument repeats,

that the first one who finds out what others

might have found out, should be permitted

to block up the road against them. In
answer to this, "Engineering" says: "In
other words, although the world had waited

six thousand years or so for a given inven-

tion, it was certain that a dozen or more
inventors were as near to attaining it at a
given time as would a dozen competing horses

be near to the winning post at Epsom within

five seconds of the finish. All this is merely

begging the question, if it be not, indeed, a
mere display of idle sophistry."

This objection, furthermore, shows the
gravest ignorance of the history and prob-

abilities of patents. As we have before

stated, useful inventions are in the rarest

instances, if ever, complete and perfect inspi-

rations. An idea—for instance, the idea of

the telegraph, or of the pneumatic process,

may be instantly conceived—but unde-
veloped ideas are not the subjects of patents.

Before the law recognizes them, they must
be clothed in working bodies, so that the

law can see that they will perform the func-

tions claimed. Now, the ideas of decarbur-

izing cast iron by air and by ore, were not
only known a century ago, but were prac-

ticed before the reader of this paper was
born, and have been, in various partially-

developed shapes, patented from time to time

for years. Surely we have all had not only

an untrammeled chance to invent the Besse-

mer and the Ellershausen processes, but we
have had a very close guidance to them in

the experiments and practice that preceded
them; and we can no more fairly quarrel

with the law that protects them to Bessemer
and to Ellershausen, than we can with the

law that keeps our hands out of the strong-

boxes of Stewart and Vanderbilt. We have

had just as fair a chance, under the law, to

make the fortunes of the latter, as we have

had to make the inventions of the former.

But above and beyond the policy of pro-

tecting patents, there is the question of

right. Upon this Mr. Greeley says in his

political economy, now in course of pub-

lication : "The rights of those who create

intellectual property are less clearly de-

fined— perhaps less capable of unerring

definition— than those of the producers or

transformers of material substances
; yet

they seem to me not less real, beneficent,

and defensible. Let us suppose that four

brothers commence responsible life with

equal patrimonies, equal capacity, and like

habits of industry, temperance, and frugali-

ty. Twenty years afterward, one of them,

who has devoted his energies to farming,

has a fine estate, a commodious dwelling, a

handsome herd of cattle, a good collection

of implements, a library, and all the mate-

rial elements of independence and comfort.

A second has addressed himself to the con-

struction of locomotives, and has done as

well thereby as his farming brother. A
third has given himself up to the study of

mechanics and engineering, and has, after
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many disappointments, perfected a new
steam-engine, whereby the power required

to move a train or boat of so many tons, at

a given rate per hour, is reduced at least

twenty-five per cent. The fourth has ad-

dicted himself to literature, art, and poetry,

and has produced a book which one hundred
thousand of our people annually read, deriv-

ing pleasure and instruction therefrom which
they would rather pay him for than forego.

I ask why this inventor, and this author,

have not as fairly earned, and are not as

justly entitled to, the price that others pre-

fer to give rather than forego the advantage

or pleasure derived from their products, as

are their brethren, the farmer and the loco-

motive-builder, to a like remuneration for

the use of their products ? If, as Thiers

forciblv says, 4 The indestructible founda-

tion of the right of property is labor,' then,

surely, the right of property in Elias Howe
to that combination of the needle with the

shuttle which gave practical existence and
value to the sewing machine, of Alfred

Tennyson to 'The Princess,' 'Maud,' 'In

Memoriam,' and 'The Lotus Eaters,' is as

perfect as any right of property can be.

For the craftsman merely fashions, adapts,

or recasts, materials co-existent with the

earth, and which may be regarded as in

some sense once the common property ofman-
kind ; while the inventor, the poet, builds in-

to the void space, makes chaos luminous, and
adds potentially, and as it were by original

creation, to the enduring wealth of mankind.

I cannot perceive how or why his right of

property in his products is not at least as

perfect and pervading as that of the maker
of a locomotive, the grower of grain.

" I have considered what has been urged in

favor of a restriction of this right of proper-

ty to the material thing wrought upon—
to the particular locomotive -built by the

inventor, the author's manuscript copy of

his poem— and it seems to me palpably

absurd. For what the inventor has labored

twenty years to perfect is not the single,

particular locomotive on which he expended
his handiwork, but all locomotives to be
thereafter built— his efforts were incited

and upheld by a desire to make all locomo-
tives henceforth less costly or more efficient.

This he has achieved, or nothing ; herein he
has succeeded, or not at all. Once com-
pleted, the machine whereon he has labored
so long may accidentally take fire and burn
to ashes, yet no one, surely, would thence
infer that his labor had been in vain.

" As to the abolition of the patent system,

which has of late been influentially advo-

cated, I shall be more easily reconciled to

it when I learn that it is to be swiftly fol-

lowed by a repudiation of all rights of prop-

erty whatever—or, more strictly, of all legal

guaranties and defenses of such rights.

Whenever the laws of my country shall

refuse to protect the inventor, they should,

in simple consistency, bid the land-owner,

the bond-holder, the merchant, the banker,
'Take care of yourself, and of all that you
call your own !' Assuredly, no man's right

to the wild lands conceded to his ancestor

by a European monarch who never saw,

and knew not how, even to bound them
accurately, can be better than that of Eli

Whitney was to his cotton gin, or that of

Daguerre to photography. When these shall

be successfully denied, be sure that no rights

of property can be secure.
" ' Then, why not make patents and copy-

right absolute and perpetual V is often

asked. I answer, there are no absolute

rights of property. The land you bought
of the Government yesterday may be taken
from you for the bed of some highway or

railroad to-morrow, and you have no redress.

All rights of property are held subordinate

to the dictates of national well-being ; and
the Government will batter down or burn
to ashes your house, if it shall have become
(through no fault on your part) a harbor or

defense of public enemies, and make you no
compensation therefor. I only insist that

intellectual property shall be recognized by
law as standing on a common foundation

with other property and equally accorded

the protection of the State and the respect

of all who hold property no robbery, but

justly entitled to deference and support from
the wise and the good."

In the discussion of this subject "Engi-
neering " reviews, at some length, the more
important inventions now in successful use,

and they are of a thousand times more value

to the public than to the inventors, large as

the aggregate royalties must be. We quote

the remarks of our cotemporary, not only to

show'how little legislators and anti-patent

law agitators, like Sir Koundell Palmer (to

whom these considerations are addressed),

are likely to know about what they are talk-

ing, but also to remind the profession and
inventors of the greatness of the field in

which they are called to labor, and of the

inspiring success already achieved.

"Of modern inventions there are, literal-
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ly, hundreds which, we have reason to be-

lieve, would have failed to establish their

value to their authors, and especially to the

public, but for the protection of the patent

laws. Of hundreds of these, we firmly be-

lieve Sir Roundell knows absolutely nothing

at all, and this, although many of these very

inventions have received his own fiat as At-

torney-General. Were it possible for him,

and, we will add, for Lord Stanley as well,

to leave, for a week, the oppressive atmos-

phere of politics and law, and devote one-

half of that time to a rapid survey of recent

successful inventions, both would form views

very different from what they expressed in

the House of Commons last Friday evening.

Each pitched upon the steam engine, the

electric telegraph, and the screw-propeller

as distinct substantive inventions ; and yet

it is absolutely impossible to say who ' in-

vented ' either of them, although it is easy

to name from half a dozen to a score of in-

ventors, in the respective cases, who con-

tributed greatly to the success of these in-

ventions, and each of whom deserved, so

that his claims were justly and exactly

specified, such reward as a patent best

affords. To any one who knows the history

of these great inventions, it is absurd to say

that James Watt, Professor Wheatstone,
and Mr. Francis Pettit Smith were the
respective 'inventors,' although, in each

case, they opened more ground, and to bet-

ter purpose, than any inventors who had
preceded them. James Watt, taking the

steam engine in the imperfect, but yet effec-

tive, state in which he found it, invented

the separate condenser, the steam jacket, the

parallel motion, the sun-and-planet motion,

and other details, and in his best practice

his engines consumed 10 lbs. of coal per

indicated horse power per hour. At the

present time, non-condensing engines, the

'invention,' possibly, of Trevithick, work
without separate condensers, without steam
jackets, without parallel motions, and with-

out sun-and-planet wheels, with a consump-
tion of but from 3 lbs. to 4 lbs. of coal per

horse power per hour. To enumerate the

patented meritorious improvements in the

steam engine would require much space, but
Sir Roundell Palmer would find no difficulty

in obtaining a knowledge of them were he
to place himself in communication with any
of our leading mechanical engineers.

"In other branches of engineering the

modern, patented, meritorious, inventions
are so numerous that it is difficult to brinar

them within the limits of a catalogue
raisonne. We might mention five hundred
as easily, but for limits of space, as one
hundred, and as it is certain that none of us
know the full width of the field of invention,

there are probably other hundreds of valu-

able inventions of which a single writer

may be ignorant. Again, for the principal

patents obtained for important inventions

many subsidiary patents are granted for

details useful in working them, just as the
' Bessemer process ' is protected by, in all

some dozen of patents, each of which pos-

sesses a certain value, and is therefore

meritorious.

"It would be a long list were we to

record the modern meritorious inventions

relating to the manufacture and working of

iron. Quite apart from the more recent

and suspicious patents obtained by Heaton,
Radclifte, and Richardson, and on the other

hand apart from the grand series of patents

in Bessemer's name, there are, among pat-

ents, in force or lapsed, Siemens' furnace,

which melts iron of any quality as if it were
wax ; Aitken's kilns for coking carbonace-

ous ironstones; Bourdon's (Morrison's) coal-

washing machine, whereby excellent coke is

made from the most sulphurous refuse known
as coal slack ; While's continuous blooming
mill ; the steam hammer ; the self-acting

steam hammer; Ramsbottom's duplex steam

hammer ; Davies's steam striker, the most
pliant, adaptable and intelligent steam ham-
mer yet contrived ; Ryder's forging ma-
chine, as effective as it is noisy ; Haswell's,

and Shanks', and Kohn's hydraulic forging

presses; Garforth's steam riveter; Bertram's

admirable system of gas-welding boiler,

beam, and girder plates, so well worked out

by the Butterley Company ; Root's blower,

the finest blast engine for foundrymen yet

schemed ; Woodward's steam jet cupola,

which dispenses with mechanical blowers of

every kind ; Jobson's, Howard's, and the

Anderston Foundry Company's systems of

machine moulding ; Hetherington's system

of plate moulding; George Scott's superla-

tively beautiful system of mechanical wheel

moulding; Deakin and Johnson's process

for punching steel tubes—a process which,

when we reported that a 10-^ in. hole had
been punched 4 ft. deep through a 3 ton

ingot appeared incredible to many of our

readers ; Hawksworth and Harding's even

more wonderful process of cold " drawing "

steel tubes, of any and every section, from

hollow ingots ; and, finally, Westwood's hy-
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drauiic press for bending the thickest armor
plates, even up to 14 in. thickness. Were
it not that Sir Roundell Palmer and Lord
Stanley had delivered themselves so au-

thoritively upon the whole range of inven-

tion, we should not have presumed to ask

them how much they know of any one of

the inventions we have mentioned. Unless

"coached," we will venture the assertion

that, if examined, competitively, they would
both be found absolutely ignorant of nearly

every one we have named, and yet each of

these patents deserves, and properly man-
aged, is likely to realize what either Lord
Stanley or Sir Roundell Palmer might con-

sider a very handsome fortune. And with-

out the protection of a patent no man of

business, in his senses, would care to work
them at all, unless en amateur.

" Then there is another wide class of in-

ventions relating to railways and railway

rolling stock. There is the fi^h-joint—Mr.
Bridges Adams's fish-joint after all the hub-

bub raised about it eight years after the ex-

piration of his patent ; the cast-iron pot

sleeper (poor Greaves !) Ransome's and
Tickers' crossings ; Arbel's stamped wheels;

Mansel's wood wheels ; Beattie's clip fast-

ening for the tyres ; half-a-dozen oil-tight

boxes ; Clark's and Fay's continuous brakes ;

Sterne's capital buffers ; Saxby's signals,

which, we sincerely believe, have, by this

time, saved the lives of ten thousand of Her
Majesty's subjects ; Bansbottom's trough for

supplying tenders while on the way ; ditto,

his safety valve, and, ditto, his lubricator,

both good things of their kind ; Naylor's

excellent safety valve ; Bourdon's magnifi-

cent invention, though after all akin to Sal-

ter's balance, for weighing steam ; Giffard's

dynamic paradox, known as the Injector,

and Schau's simpler and cheaper edition

;

Green's useful invention for drawing tubes

from brass, and, finally, an invention of

great intrinsic worth—Dudgeon's tube ex-

pander. How much do you know of all

these, or any of them, Sir Boundell ? Don't
think us impertinent.

"Turn which way we may, we find al-

most innumerable recent, meritorious pat-

ents. In civil engineering we have Mitchell's

screw pile, which has saved untold thou-

sands of pounds in the cost of fixing uncer-

tain foundations in India ; Dr. Pott's system
of pneumatic sunk cylinders ; Hoffman's
annular kilns for burning bricks ; Dennet's
fireproof flooring, now adopted in all the

principal buildings in progress in the king-

dom ; and Clayton's well-designed machinery
for brickmaking.

" In stone-working we have (and we
should be sorry to be without) Blake's

stone-breaker ; Holmes's stone-dressing ma-
chine ; Bansome's grand invention of artifi-

cial stone — an invention possibly worth
more than Columbus' discovery of San Sal-

vador ; M. Sommelier's (A?iglice, Mr. But-
ler's) tunneling machine ; and, finally, Mr.
Doering's and Mr. Lowe's machines for the

same purpose.
" In connexion with the cotton manufac-

ture less can be said. It is an industry

which admits of but moderate progress, un-

less some new Hercules comes to our aid.

Mr. Richard Boberts was a Hercules in this

branch of engineering. There are Well-
man's self-stripping cards ; Leigh's top roll-

ers ; Hetherington's wonderfully simplified

mule ; the Blackburn " Slasher ;" Messrs.

Harrison's astonishing improvement upon
all the space, tediousness, dirt, and cleaning

of the dressing machine that had gone be-

fore it; and, finally, Bullough's loom patents,

which have added a million of money to the

wealth of Lancashire. To these may be

added, with a qualified opinion of their

merits, a nameless number of cotton gins

;

and in this and kindred branches of inven-

tion, there is not so industrious a patentee

as John Piatt, M. P., whose authority is

quoted against patents, but who is, himself,

an insatiate patentee, as well as an enter-

prising appropriator of ideas, supposed to be

covered by patents in other men's names.
" Then comes the old class of patents

relative to grinding flour. First there is

the decorticator, worth a million in good
hands ; but, possibly, before it, the grain

drier, upon the results of which so many
fortunes hang. Again, there is Bovill's

patent, renewed, against which so many
millers fought, and to which so many sur-

rendered. Then there is Golay's diamond
machine for dressing millstones, sold for

ever so many thousands of pounds, Brack-

shaw's grain elevator, and, going back for

some years, Groucher's capital beaters for

thrashing machines.
" In steam-agriculture there have been

such improvements that we hardly know
how to begin. The grand brain who did

more for steam cultivation than any thou-

sand men now living was John Fowler, long

since in his grave. Sir Roundell Palmer,

we presume, would, were it in his power,

annihilate the industry growing out of Mr f
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Fowler's inventions. His steam plough, his

clip drum, his slack gear, are all unique,

and long settled practice has proved that

their value might be counted rather in mil-

lions than in thousands. And no industry

he had to fight harder for existence : fights

of which Sir Roundell probably knows no-

thing at all, for, had he known of them, he

could not, as a gentleman, have spoken as

he did last Friday evening.
" Then, again, in connexion with steam-

ships. There are Cunningham's self-reefing

topsails ; Trotman's anchors; Clifford's boat-

lowering apparatus; McFarlane Cray's steam

steering gear ; Robert Griffith's big boss,

two, or three-bladed screw propeller ; the

engine-room indicator ; Morton's ejector-

condenser ; Robertson's ashes ejector ; and,

to go from little things to great, Penn's
trunk engines, and, of far more value than

anything else ever invented in connexion

with the screw engine—wood bearings—one

among the grandest inventions of the pres-

ent generation.
" Again comes another class of invention,

viz., those for lifting and hoisting. Among
these Edwin Clark's hydraulic graving dock

stands first in importance ; and, next to

that, the various plans for hydraulic jacks,

as well as Weston's pulleys, and the derrick

crane made by Bowser and Cameron.
" But among the valuable miscellaneous

patented inventions who shall draw the line ?

There are the patents for Dr. Dauglish's

aerated bread ; the American sewing ma-
chines ; Anglo-Franco velocipides ; Chap-
puis' daylight reflectors ; Bunnett's coiling

shutters ; Betts' capsules ; Wheatstone's
private telegraph ; Wheatstone's crytograph;

Richards' indicator ; Dunbar's apparatus

for charging and drawing gas retorts

;

Perm's band saw; Chatwood's safe ; dozens

of inventions of breech-loading rifles ; the

Manchester water meter ; Bailey's oil test-

er ; a lot of American inventions for gas

regulation and gas carburation, as well as

for tin-lined lead pipe, the latter manufac-

ture based upon the "flow of solids," com-
mercially worked some years before M.
Tresca's ingenious researches at the Con-

servatoire des Arts et Metiers, in 1866.

There is the magnetic anti-incrustator, Sie-

mens' gyrometric governor, Mallet's buckle

plates, the Abyssinian tube well, Lloyd's

fan, Robertson's frictional gearing, Della-

gana's paper stereotype moulds, Caine's

parchment paper, Young's paraffme oil pat-

ent, Moncrieff's gun carriage, Hugon's gas

engine, Armstrong's beautiful dove-tailing

machine, Robert's elegant " diffusion " pro-

cess for making sugar, Seyrig's centrifugal

machine for drying sugar and other sub-

stances, the revolving magnetic machine for

separating iron from brass turnings, Need-
ham and Kite's yeast press, Harrison's ice-

making machine, Carr's beautiful disinte-

grator, Peet's valve, Chatterton's compound
for submarine cables, Webster's ferro-zinc

paints, Moule's earth closets, Liernur's

sewage system, Sillar's pi-ecipitating com-
pound for sewage, Worssam's silent feed,

Palliser's bolts, Batho's nut shaper, Sellers'

bolt cutter, Perkins' sealed heating pipes,

Porter's governor, Armstrong's hydraulic

machinery, coal cutting machinery, Upward's
drilling apparatus for gas mains, Carside's

electograph engraving machine, Livesey's

newspaper folding machine, various excell-

ent refrigerators, King's malt measurer,

and so on, in an almost endless list.

" Valuable as these inventions are, it has

required a vast aggregate expenditure of

time and money to induce the public to be-

lieve in, and adopt them. None, assuredly,

knowing the task would have undertaken it

without some hope of substantial reward,

and patents appear to be the only rewards

available. The inventions enumerated bear

no proportion in number to the hundreds of

useful modifications and combinations of

modern machinery which are valuable rath-

er for their simplicity and convenience than

for any distinctive mechanical principle."

MARINE ENGINE PROGRESS.
From "Engineering."

Not middle-aged engineers alone, but com-

paratively young engineers as well, have

had occasion to remark the wonderful rapi-

dity with which the marine engine practice

of any given period may become obsolete.

The grand old side-lever engines of twenty

years ago, or for that matter ten years ago,

are fast becoming curiosities possessing a

high degree of archseological interest. It

will not probably be long before the 100 in.

cylinder, 12 ft. stroke engines of the Scotia,

only finished in March, 1862, will be re-

placed by screw engines, as has been done

already in the case of the Persia. We have

only to look back to 1847 to find but 156

steamers built and building in the British

Navy, none of them exceeding 1862 tons,

or 800 nominal, equal only to about 1500

indicated, horse power. The Creenock, the
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Phoenix, the Rattler, the Fairy, the Bee,

and the Dwarf were the only screw vessels,

although the Amphion, Arrogant, Conflict,

Dauntless, Desperate, Encounter, Euphrates,

Megaera, Minx, Niger, Rifleman, Sharp-

shooter, Simoom, Termagant, and Vulcan

—

all screws—were in progress.

There is little reason to doubt that the

opinions of marine engineers were as fixed

and as strong, in 1847, as they are now,

and then it was then believed that science

and skill had done well nigh all that was

practicable for the improvement of the ma-
rine engine. The steam was low and the

speed was slow ; the former from 5 lbs. to

10 lbs., the latter from 140 ft. to 260 ft. of

piston per minute. The Alecto with 4 ft.

6 in. stroke, made but 14 revolutions per

minute in regular work, or 126 ft. of piston,

and even the Avenger, with 650 horse en-

gines, 6 ft. stroke, made but 13 revolutions

or 156 ft. of piston per minute. The Dee,

with 200 horse engines, 5 ft. stroke, made
but 12^ revolutions, or 125 ft. of piston per

minute. The Thunderbolt, with 300 horse

engines, 5 ft. stroke, made but 15 revolu-

tions, the Salamander, with 220 horse en-

gines, 5 ft. stroke, made but 14 revolutions,

and even the Victoria and Albert, with her

original 400 horse engines, 6 ft. stroke,

made but 17 revolutions of her 30 ft. wheels,

corresponding to but 204 ft. of piston per

minute.

There were many who disbelieved in the

screw altogether, and its introduction into

war ships was partly if not greatly due to

the circumstance that the screw engine and
propellor could be kept wholly beneath the

water line, and that the deck was left clear

for its whole length for armament. As for

merchant steamers, it was long before

steamship owners would listen to any argu-

ments in favor of the screw.

It was even doubted whether screw en-

gines could be practically worked at the

high speed required by the screw, and gear-

ing was often employed, as in some cases it

is still. With injection condensers, and the

old forms of flue boilers, steam of more
than 10 lbs. per square inch was considered

out of the question at sea ; expansion was
seldom practiced to any extent, and super-

heating was reckoned a costly and needless

refinement, if, indeed, it had been thought
of at all. The whole ground opened by the

introduction of the screw was beset with
difficulties, and but few were willing to be-

lieve that these could ever be overcome.

The screw vibrated greatly, and came well

nigh shaking the stern post out of the ship,

and it was next to impossible to keep the

screw shaft tight in the stern tube. Direct

dauble-acting, full stroke air pumps, too,

knocked their valves to pieces very quickly.

Marine engine improvement has consisted

in doing just what twenty years ago was
reckoned impracticable or inexpedient. The
tubular boilers that were to give so much
trouble by salting and leaking are now in

universal use, and a flue boiler of 1850
would be reckoned a curiosity. The press-

ure of steam has been carried to 25 lbs. or

30 lbs. in regular work, while Mr. Elder's

boats, and the Sirius, engined by Maudslay,
are worked to 50 lbs. The piston speed

has been carried, as a maximun, to 600 ft.,

and even 650 ft. per minute. Indeed, Mr.
Bourne once worked a single cylinder en-

gine of 3 ft. 6 in. stroke at 100 revolutions

per minute. Superheating is now practiced

with advantage and a good degree of ex-

pansion attained, in some cases with com-
pound, or high and low pressure engines.

Surface condensation, with all the cost,

weight, and bulk of the tubes, and the diffi-

culty, once encountered, of keeping them
tight, as well as the danger, at one time so

imminent, of corroding the boilers, is now
a firmly established fact. Double-acting

air pumps, making 75 double strokes, and
600 ft. of bucket per minute, work as easily

and silently as the old air pumps, worked,

off the beam or side-lever, at 80 ft. or 100

ft. with only but 15 or 20 double strokes

per minute. The vibration of the screw

has been well-nigh stopped by Griffiths'

improvements ; its stern bearing is now the

most durable of all, since Mr. Penn applied

wood bearings and the dynamic performance

of large screws of fine pitch is in all respects

equal to the best results obtained from pad-

dles, while the machinery required to drive

it is, of course, far lighter in respect of

weight. Were we now to return to Boul
ton and Watt's old practice of 7 lbs., effec-

tive cylinder pressure per square inch, and
204 ft. of piston per minute for a 4| ft.

stroke, it would require a pair of engines

of 29 ft. 6 in. (354 in.) cylinder to develope

the power of 8,500 horses, indicated on the

trial of the Hercules. The revolutions

would be 22f only per minute, requiring

gearing in the ratio of about 3^ to 1 to get

up the 72 revolutions actually attained by
the Hercules' screw. No comparison pos-

sibly could better mark the progress already
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made in marine engines. But if we address

ourselves to an inquiry as to the limits of

further improvement, we are confronted by

seeming impracticability or impossibilities,

suoh as stopped the way twenty years ago.

To what point may the pressure be yet car-

ried in practice? To 100 lbs., or more?
Rowan worked 180 lbs. at sea ; but his

boilers gave trouble. Of course, with very

high steam, superheated and condensed after

exhaustion , a rate of expansion of 12 or 16-fold

is practicable. As for piston speed, it may,

possibly, be yet increased to the rate occa-

sionally attained in locomotives, say to 900

ft., or even 1,000 ft., per min. ; but we are

all disposed to be incredulous as to the con-

tinuance, and especially the economy of

such speeds. But, as abstract facts, we do

know that steam engine economy is to be

sought in high pressures, high speed, and
high expansion.

It is a question whether the hot gases

escaping at the chimney might not be ad-

vantageously forced into the boiler, below

the water line, and be thus made to give off

their heat. For every ton of carbon burnt

from 6 to 7 tons of water are evaporated,

while, also, 3§ tons of carbonic acid are

sent up the chimney at a temperature of per-

haps 600°. That there is a considerable

loss here is indisputable. The only ques-

tion is, how may it be prevented, the pre-

sumption being that the cost of securing

this waste heat would be greater than it

would be worth when saved. Air, too,

forced through a heating apparatus into the

water in the boiler, or into the steam, would
possess a theoretical advantage, and we hear

of one or two patentees who are already ex-

perimenting in this direction, among them
Mr. Richard Eaton, of Nottingham.

STEAM ON CANALS.

PROPULSION BY A FIXED WIRE ROPE AND
CLIP-DRUM EXPERIMENTS IN BEL-
GIUM.

From " The Engineer."

A series of highly interesting experi-

ments, or rather a general exhibition of the

first line of considerable length, on which a

new principle—the application of wire rope

and clip-drum for river navigation— has

proved practically successful, took place on
the 4th and 5th inst. between Liege and
Namur, in Belgium. The governments of

England, France, Prussia, Austria, Wurtem
berg, Holland, and Belgium, sent their spe

cial engineers; the Suez Canal Company,
and steam navigation companies from the

Danube, the Elbe, the Rhine, and the

Rhone, were represented, and the presence

of gentlemen from almost every country in

Europe proved the importance which must
be attributed at the present moment to all

successful improvements in the methods of

inland navigation on rivers and canals.

The Meuse has, between Liege and Na-
mur, a length of nearly seventy kilometers

(forty-four miles), leading through one of

the principal coal districts in Belgium. The
river forms one of the most important links

of the long chains of canals and streams

which connects Belgium, and particularly

Antwerp, with Paris. A company, the So-
ciete Anonyme Liegeoise de Tonage, re-

ceived a year and a half ago the concession

for supplying the system patented by Bon.
C. de Mesnil and M. Eyth to this line, and
began their operations by laying an iron

wire-rope of 1 in. outside diameter on the

bed of the river. There are eleven locks to

pass, which do not interrupt the continuous

length of flexible rail thus placed in the axis

of the whole water-course. Small holes are

provided in the gates near the sill, so that

the wire passes through the locks without

interruption, and the gates being opened are

perfectly free to be moved by the machinery.

The only places where the rope is actually

fixed or moored are two temporary ends at

Liege and Namur, everywhere else it follows

in a comparatively slack state all the bends
and curves of the center line of the river.

The mechanical principle of the system now
consists in mounting on the tug-boat which
carries the machinery a clip-drum, vertical

or horizontal, which takes hold of the rope,

the boat taking it up from the river bottom
by suitable pulleys near its bow, and drop-

ping it again near the stern into the water.

The clip-drum, turned by the steam ma-
chinery, will thus haul the boat along the so-

called fixed rope, pulling, in fact, on the

weight of the wire and the frictional resist-

ance of the same on the river bottom. In
principle, therefore, the idea is the old one
of chain navigation, as applied during the

last twelve years or so on the Seine. But
the practical difficulties which prevented the

more general introduction of the latter, in

spite of the great advantages inherent in the

principle, are avoided in the new methods to

so considerable a degree that M. Eyth's
system seems to be destined to raise again

inland navigation to the relative importance
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which its physical peculiarities warrant, and
which it has, in most cases, lost by the in-

troduction of railways.

The first tug of the Society de Tonage
started on the line on which the experiments

took place about a year ago. It is an iron

boat, flat-bottomed, of twenty meters length,

four metres width, 2.25 meters depth of

hold, drawing 0.95 meters, and carrying a

14-horse power horizontal, double-cylinder,

high-pressure engine. This engine works a

vertical clip-drum on the side of the boat, of

6 in. diameter, over which, by means of two
guide pulleys of the same diameter, the wire

rope takes half a turn. The machinery was
constructed, like that of the greater number
of cable tugs now in Belgium, in England,
by Messrs. John Fowler & Co., Leeds, who
have made the construction of this sort of

boats one of their specialities.

The speed of the clip-drum can be altered

by suitable gear, thus giving ten, five, and
two and a half kilometers, or rather more
than one and a half miles per hour, to the tug.

The first was intended to be used in towing
down stream ; but it was found that, with
long trains in sharp bends, it could not be
worked safely, and that the speed exceeded
the requirements of the trade. The gearing
proper to it was therefore removed. The
speed of two and a half kilometers is only
used in winter, for towing up-stream in the

most rapid currents, which may amount, in

certain places of the river, to ten or twelve
miles an hour. The greatest amount of

work done by this tug is, if going up-stream,

at the rate of four miles an hour against an
average current of two or three miles.

Working with the full power of two 7|-in.

cylinders, 12 in. stroke, seventy revolutions,

80 lbs. or 90 lbs. pressure, it towed 1,500 tons

of freight, as taken in ten boats of varying
burdens; also, on another occasion, 1,000
tons of freight in eighteen boats more or less

freighted. During winter the tug worked
against currents, which the 45-horse power
passenger steamers of Seraing were not able

to overcome ; 400 to 500 tons freight were
taken in three boats, with the speed of two
and a half kilometers, keeping thus the navi-

gation open during a season which, up to

now, was considered lost for the boat interest

of the Meuse.
In consequence of the great delays at the

locks, if towing considerable trains, the aver-

age mileage of the tug per day is small,

amounting only to about forty-five kilo-

meters, and being about double of what is

done by horse towing on the same line. But
the Belgian government, being satisfied of
the beneficial influence this enterprise al-

ready effects on the movement of the river,

have now decided to increase the dimensions
of the locks, so that in future a whole train

will be locked through at a single operation.

So the mileage may be raised in future to

fifty or sixty miles a day easily.

The coal consumed per day of ten hours
was about half a ton, the ton costing ll^f.
on the boat. There are five men on board,
a captain or pilot, two sailors, an engine dri-

ver, and a fireman, and the total monthly
working expenses amounted to about 6001*.

(£24). In towing 800 tons thirty-five kilo-

meters per day, which may be considered at

the present moment an average performance
of the tug, the daily receipts are under the

present tariff of 0.006f. per ton and kilo-

meter (about one-third cheaper than horse
towing for hire), 168f. Now the tug re-

quires two days to go the seventy kilometers

from Liege to Namur, and comes back fre-

quently empty in one day. It has, there-

fore, twenty working days in the month,
which pay, and the whole monthly receipts

(if nothing is to be towed down stream), are

3,360f. (£184). Three more tugs are now in

the possession of the company, of which two
were successively tried during the experi-

ment. They worked, especially in the sharp

bends and considerable currents above Se-

raing, with regard to hauling and steering,

with a steady ease which left nothing to be
desired. It was generally feared that sharp

bends with strong currents would be fatal to

the system. These tugs are five meters
longer, carry engines of 20-horse power, and
differ in their constructive details consider-

ably from the original type. They are all

provided with an auxiliary screw, so that

they can moor independent of the rope if re-

quired. This gave, some weeks ago, an op-

portunity of carrying out a very interesting

experiment. The whole power of the engine

can be brought to bear on the screw, and in

that case the propeller was able to tow a

250-ton boat against the average current of

the river, but no more. Working by means
of the wire rope, she towed with ease five

times as much at the same rate. It must be
said that the form of the tug and the dimen-
sions of the screw are not the most favor-

able for the propeller, and some 20 or 25 per

cent more might be got out of more suitable

proportions. Still, taking in account every-

thing in this direction, there remains an ef-
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feet of the engine about three times greater

when working with the clip-drum than if

using the screw.

Besides the line on the Meuse, there are

now wire ropes on the Canal de Chaleroi, in

Belgium, on the Canal de Beveland, in Hol-

land, and on the Canal de Terneuze, which
connects Ghent with the Schelde, and a

short experimental rope for the Rhine. Con-
sidering the short time the idea has had for

its practical development—the first experi-

mental machinery being made in Leeds in

1866—these results speak for its importance

and the undoubted success it has obtained

on the lines in actual operation.

THE MANUFACTURE AND USE OF PORT-

LAND CEMENT.
BY DR. W. MICHAELIS.

Condensed and translated from " Polyt. Central-
blatt."

Cements may be divided into two classes,

the Roman cements and the Portland

cements. The Roman cements are made
from earths found ready in nature, especial-

ly in the Jurassic rocks. Their name
was given to them by Parker, who was
the first to use the limestone nodules of the

island of Sheppey for the preparation of a

water-mortar or cement, which is very simi-

lar to the mortar made by the Romans from

puzzolana. Portland cements are generally

water-mortars that are prepared artificially

by grinding and mixing different natural

substances. When hardened, they resemble

in color and durability the celebrated Port-

land stone. They have, therefore, been
designated by the same name by Aspdin,

the inventor of the first artificial cement.

The principal distinction between Roman
cement and Portland cement lies not, how-
ever, in their origin, but in their different

physical condition, caused by different meth-

ods of calcination. Roman cement is a fine

dust-like powder, partly of a light, partly of

a dark reddish-brown color. It absorbs car-

bonic acid and water eagerly, and cannot,

therefore, be stored for a long while. Port-

land cement, on the contrary, is a powder
consisting of fine crystalline scales of a

dark-grey, somewhat greenish, color, much
heavier, absorbing carbonic acid and water
less rapidly, so that it may be stored for

some time. It is calcined at a considerably

higher temperature than Roman cement.
Portland cements are considered the best

water-mortars. Being artificially prepared,

they can be obtained more homogeneous and
uniform than the Roman cements, which
vary too much in their composition.

The following analyses of some Roman
and of some Portland cements show this dis-

tinctly :
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ORIGIN OF THE ABOVE ROMAN CEMENTS

No. 1. From a triassic limestone near Rudersdorf.

2. From limestone nodules of the island of

Sheppey.
3. From atriassic limestone, covering the strata

of lead ore, near Tarnowitz.
4. From Hausbergen.
5. From Metz.
6. From Holkin Mountain, near Holywell

Flintshire.

ORIGIN OP THE PORTLAND CEMENTS.

No. 1. English cement from "White & Bro.

2. From Stettin.

3. From "Wildau.

4. From "Wildau.

5. Pomeranian Star cement.
6. From Stettin.

7. English cement.

8. From the Bonn Mining Company.
9. From Kraft & Sanlich, at Perlmoos.
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MANUFACTURE OP PORTLAND CEMENT.

Suitable limestones and certain kinds of

clays are selected, mixed intimately in cer-

tain proportions, and calcined at a high tem-

perature. The carbonic acid gas separates

from the lime at a moderate red heat. But
the mixture for Portland cement has to be

subjected to a higher heat, because the hy-

draulic properties of the cement increase, to

a certain extent, with the temperature at

which it is calcined. It ought to be soft-

ened by the heat, but not so much as to as-

sume the dense structure of a melted mass.

This is effected at a white heat. The clay

is thereby completely decomposed through

the action of the lime, and silicate and
aluminate of lime are formed. The calcined

mass contains, besides these two compounds,

which are its principal constituents, smaller

quantities of silicate of alcali, silicate and
aluminate of magnesia, and, perhaps, some
sulphate and phosphate of lime.

The calcined mass is ground fine, mixed
with a little water and worked into a paste.

Cement thus prepared hardens more and
more, the longer it is exposed to water, or

to atmospheric air. Good Portland cement
gets as hard as fluor-spar, and equals the

best limestones in solidity and durability.

SELECTING AND MIXING THE MATERIALS.

Any kind of carbonate of lime is fit to be

used in the manufacture of Portland cement.

Marble, limestone, chalk and marl may be

used. Chalk and marl often include foreign

matters, such as flints, feldspar, sand, which
have to be removed by washing.

The clay used must be of a certain chemi-

cal composition, which can be seen from the

following analyses of celebrated kinds

:
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ORIGIN OP TI [E A BOVI CL.4.TS.

No. 1. The celebrated Medway clay.

2. From the Prussian Province of Saxony
3. From Pomerania.
4. From the Upper Hartz Mountains.
5. From the Province of Brandenburg.

It is to be seen from the above analyses
that the clays most adapted for the manu-
facture of cement contain considerably more
silicate of alumina than kaolin does. Lime

and clay have to be mixed very intimately.

If this condition is not fulfilled, a good ce-

ment can never be obtained. The most per-

fect method of doing this is to mix them
when suspended in a large quantity of water.

However, the success of the manufacture
depends not only on a thorough mechani-
cal mixing, but also on the proper chemical

composition. A careful examination of a

large number of good Portland cements has

shown that the proportions of the three prin-

cipal components ought to be within the

limits indicated by the following two exam-
ples of composition :

I. 80 equivalents of Si O 2
(silicic acid).

210 " " Ca O. (lime).

27 " " AP0 3 (Fe2 3

)
(alu-

mina and peroxyde of iron).

II. 80 equivalents of Si O 2
(silicic acid).

230 " " Ca O (lime).

15 " " APO 3 (Fe2 3

)
(alu-

mina and peroxide of iron).

Supposing the sesqui-oxydes to play the

part of acids, these two compositions corres-

pond to the formulae

:

I. 10 Si0 2 (R 2 O 3)4-20 Ca O
(10 equivalents of silicic acid and sesqui-

oxydes, with 20 equivalents of lime).

II. 10 Si O 2 (R 2 O 3

) -f 24 Ca O
(10 equivalents of silicic acid and sesqui-

oxydes, with 24 equivalents of lime), which
represent the limits of the composition of

good Portland cement, and are of great value

in preparing the mixtures of lime and clay.

The following facts will give an idea of

the hydraulic properties acquired by the

single components of cement, when they are

mixed with other components and calcined :

Silicic acid and lime are the most import-

ant components of cement in quantity and
quality. When mixed together and calcined

they form a compound which hardens under
water. Not only amorphous silicic acid pro-

duces this effect, but also crystalline quartz,

when heated with lime to a white heat. Car-

bonic acid affects and decomposes silicates

of lime. The artificial silicates resist this

decomposition the better, the more compact

and dense the silicic acid was, in its raw state.

Silicic acid and alumina do not alone com-

bine chemically in water at ordinary tem-

peratures after being calcined together.

Lime and alumina have a considerable

affinity for each other. When mixed and

heated they combine, and form hydraulic

compounds, which harden with water per-

fectly well, especially when they have been
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produced at a high temperature. When
compounds of alumina with one, two or

three molecules of lime are finely pulverized

and mixed with a little water, they become
binding at once and form hydrates, which

get very hard under water. By mixing the

aluminate 2 Ca 0, Al 2 O 3 with 30, 60 and

80 per cent of sand, Fremy obtained a mass

that assumed under water the hardness and

firmness of the best stone.

Lime and peroxyde of iron form a com-

pound when calcined together. This com-

pound is, however, less hydraulic than the

aluminate of lime.

Calcined magnesia alone hardens well

with water. It also forms with silica good

hydraulic compounds.

Silicates of alcali are also useful in the

process of hardening.

Sulphate and phosphate of lime do not

aid the hardening, and may be considered

as noxious ingredients, when present in con-

siderable quantity.

CALCINATION.

The mixture of raw materials, made ac-

cording to the principles above developed, is

formed into pieces of uniform size (bricks),

which are dried in the air and calcined.

The furnaces used for calcining are general-

ly kilns from 40 to 50 ft. high, and from 7

to 12 feet wide. Three or four feet above

the ground they contain a strong grate, con-

sisting of single bars, which can be removed
when the calcination is completed. The
calcined and slightly glazed mass of bricks

slides down by itself in cooling, and is

then extracted. The kilns are charged with

alternate layers of fuel and cement bricks.

The regular shape of the bricks allows of

charging the kiln in such a manner that the

escape of the gases can take place uniformly,

over the whole section of the furnace, to

effect a calcination as uniform as possible.

Coke is generally used as fuel, because it is

purer than coal ; the sulphur contained in

the latter would give occasion to the forma-

tion of sulphate of lime. If, however, raw
coal is used, the kilns must have such a con-

struction that the fuel does not come in

contact with the cement, and that only the

gases produced by the combustion pass

through the furnace. The annular ovens,

recently patented by F. Hoffmann and A.
Licht, are used with great success for cal-

cining cement, as well as bricks, lime and
pottery. In these ovens the cement also

comes in contact with the fuel, but a much

smaller quantity of the latter is required,

and the greater part of the ashes is gathered
in the charging tunnels and does not mix
with the cement.

A proper temperature in calcining is a
very important matter. Cement calcined

at too high a heat looses entirely its property
of binding. The proper intensity of heat
has to be found out by experiments for every
single mixture. The denser the raw mate-
rials are, the higher the heat required.

Mixtures prepared from compact limestone

or washed chalk require a higher tempera-
ture than those prepared with light and
porous kinds of carbonate of lime. The
higher the temperature required, the higher
the kilns have to be constructed. The tem-
perature varies easily to an observable ex-

tent in kilns not holding over 150 tons.

But the limits within which the temperature
may vary without injuring the product are

pretty wide. The hydraulic quality of the

cement increases with the intensity of heat

used in calcining. However, this is only

the case to a certain extent. When over-

heated, cement gets too compact, and its

capacity of hardening then decreases. A
white heat is the proper heat for the calcina-

tion of Portland cement. If it is heated

higher, it begins to run, and is then unfit for

use. The best method to judge about the

temperature existing in the furnace is to

take samples of the cement under treatment

from time to time. As the color of the ce-

ment changes with the increase of heat, the

samples taken from the furnace will show by
their color and appearance how far the pro-

cess is advanced, and make it possible to

regulate the temperature properly. The fol-

lowing will explain this :

The limestone looses its carbonic acid at

a low red heat. At the same time the lime

begins to decompose the clay. When a good
red heat is kept on for an hour the mass
becomes yellowish-brown, and can then be

dissolved in diluted hydrochloric acid, the

larger grains of quartz excepted. The ca-

pacity of the mass for hardening is, however,

small yet. It gets hot, when mixed with

water, and falls to pieces, when exposed to

the air, like ordinary lime. With the in-

creasing temperature the mass gets darker

brown, more resisting to atmospheric influ-

ence, more capable of hardening, less liable

to develop heat when mixed with water ; all

of which proves that the lime combines,

chemically, more and more with the silicate.

When the temperature is increased to a
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•white heat the mass becomes grey at first,

then assumes a greenish tint, which gets

more and more distinct with a further in-

crease of temperature. Up to this stage in

the process of calcination the cement im-

proves in quality, its density, firmness and
capacity of hardening being increased. If

the intensity of the heat still further aug- '

ments, the greenish-grey color of the mass is

changed into a bluish grey ; and this is the
\

stage when the cement begins to deteriorate, '<

The mass gets more and more compact
and resembles basalt. At last it enters a

j

state of complete fusion, when it shows the

appearance of obsidian, or vitreous lava. It

is desirable to obtain a uniform pumice-like

mass, of a greenish-grey color. Well mixed
and well calcined cement ought to " stand,"

that is to say, it ought not to fall to pieces

in cooling. This occurs, however, with
\

burnt bluish-grey cement ; and, also, with

carefully calcined cement, when the chemi-

cal composition is not the right one. The
more lime there is in the mixture the safer

can the cement be calcined at a high heat

without fear of its falling to pieces after-

wards. Mixtures containing too much clay

fall to pieces after the calcination. An ad-

dition of lime or alkali will prevent it, pro-

vided the cement is not burnt. The finer the

condition and the more intimately the clay

and the lime have been mixed, the higher

can be the amount of lime used. But when
the mechanical mixing has been done with-

out accuracy and care, a greater amount of

lime will only make things worse. It then

does not prevent disintegration of the cal-

cined mass, and adds, besides, another evil,

causing it to become hot and to rise in con-

tact with water. The utmost care in mix-

ing can, therefore, not be enough recom-

mended ; for no good result can be obtained

without it, whatever the proportions of the

mixed substances may be. Whoever does

not pay sufficient attention to this point, and

attributes bad results to other causes, is

inevitably led into errors and confusion.

The question, how much lime can be used,

is answered by the formulae I and II, given

above, which indicate the limits. If on 10

equivalents of acids (including the sesqui-

oxydes) less than 20 equivalents of lime are

used, the cement will fall to pieces; if more
than 24 equivalents of lime are used on 10
equivalents of acids, the cement will get hot

with water and will not harden as a solid

mass. The more lime a cement contains,

within these limits, the slower it hardens,

but the firmer and the more solid is the

hardened mass, and the more valuable is the

cement.

PROCESS OF HARDENING.
Well calcined Portland cement, when

mixed with water so as to form a thick

paste, becomes binding more or less rapidly,

depending on its composition and on the

heat to which it has been exposed. It

solidifies and hardens in the air as well as

under water. When hardening in the air,

the cement does not lose any of the sub-

stances contained in it. When it hardens

under water, a part of its soluble compo-

nents, especially the silicates of alkali, are dis-

solved and extracted. The hardening process

proceeds quicker at first in the air than in

water, because carbonate of lime is then

formed beside the silicate. But this takes

place on the surface only, to a depth of

about one-eighth of an inch. The interior

mass remains free from carbonic acid and
hardens equally fast in air or water.

Carbonic acid gas, though at first assist-

ing the hardening process, effects afterwards

a decomposition of the cements if they are

loose or porous. Ground cement is rapidly

decomposed by carbonic acid. The dura-

bility of the cement is, therefore, dependent

on its solidity and density. The quantity

of water that has to be mixed with the ce-

ment to prepare it for use, is about one-half

the weight of the cement. This quantity is

sufficient under ordinary circumstances. But
in a high temperature, or when exposed to

sun-heat for a long while, or when in con-

tact with quite dry bricks, the cement may
lose so much water that it cannot harden

properly. It is not necessary to keep ce-

ment walls wet till the cement has hardened

;

but it is important to wet the bricks

thoroughly before being laid in cement.

Hardened Portland cement, which is free

from carbonic acid, contains 14 to 16 per

cent of water. It is generally composed of

:

1). Basic silicate of lime of the formula:

5CaO. 3Si0 2 + 5HO.
2). Aluminate of lime (and the corres-

ponding compound of sesqui-oxyde of iron

with lime) of the formula :

3 Ca 0. AF O 3 (Fe2 O 3

) + 3 H 0.

3). Hydrate of lime. Ca 0. H 0. S.

Bessemer Royalties.—The statement

circulated here, that they have been, or

will this year be reduced, on products for

either home or foreign consumption, is of-

ficially denied by Mr. Bessemer.
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BURNING COAL DUST.

From "Engineering."

Those who have carefully studied the or-

dinary methods of burning fuel in our steam

boilers and furnaces are well aware of its

numerous defects, and of the losses of heat

attendant upon it. Thus, besides the losses

from conduction and radiation, which will

take place to a greater or lesser extent with

any system of burning fuel, there are, under

ordinary circumstances, the losses due to

imperfect combustion, to unconsumed coal
i

falling into the ashpit, and to the heat car-

ried off by the waste gases escaping to the

chimney, this latter loss being largely in-

creased by the excess of air which it is found

requisite to supply to the furnace beyond
that required for chemical combustion alone.

To avoid these losses, various plans have

been devised, the most thoroughly success-

ful in practice, as well as one of the most
perfect in theory of those hitherto brought

before the public, being Mr. C. W. Siemens'

beautiful system of regenerative gas fur-

naces. As far as the results obtained are

concerned, these furnaces have really left

little or nothing to be desired ; but they

have the disadvantage of being of consider-

able first cost, and, therefore, although they

have been very largely adopted, they have

not come into such general use as their

economical working would otherwise war-

rant.

Under these circumstances various at-

tempts have naturally been made to approx-

imate more or less closely to the economy
of the regenerative gas furnace without at

the same time involving so great an outlay

for gas producers, regenerators, &c. ; but

—

although several experimenters have obtain-

ed good results—until quite recently no

plan which could be said to be a fair com-

petitor of Mr. Siemens' system had, so far

as we are aware, been brought forward. A
few months ago, however, Mr. Thomas Rus-
sell Crampton commenced experimenting on

methods of burning fuel in the form of pow-

der, and the practical results which he has

lately obtained are so striking that we are

inclined to regard his system as one possess-

ing very great importance from many points

of view. And here we may remark that the

plan of burning fuel in a powdered state is,

in itself, not new. Both in this country

and abroad—and particularly in America

—

many attempts have been made to burn coal

in the form of dust or finely divided parti-

cles ; but prior to Mr. Crampton's experi-

ments these attempts met with but indiffer-

ent success. One great difficulty which
troubled most of the experimenters was that

the flues of the furnaces became clogged

with dust, this dust consisting in a great

measure of unconsumed fuel, and represent-

ing, therefore, so much waste, besides being

a practical inconvenience which it was found
impossible to avoid. Mr. Crampton, how-
ever, has avoided this inconvenience, and
the arrangements he has employed to enable

him to do this have at the same time ena-

bled him to obtain other advantages, of

which we shall speak in due course. In
the first place, however, we must explain

briefly the principles upon which Mr. Cramp-
ton's system is based—principles, we may
remark, in which sound common sense occu-

pies a conspicuous place.

If two jets, one of coal gas and one of

atmospheric air, be introduced into a cham-
ber side by side and a light applied, a long

flame will, as everybody knows, be pro-

duced, the length of this flame increasing

according as the pressure under which the

jets of air and gas are delivered is increased.

Even if the gas and air are mixed before

being introduced in the chamber, and are

delivered into the latter through a single

jet, the flame will still be produced, the

length, although less, being, as before, in-

creased by an increase of the pressure under

which the jet of mixed gas and air is deliv-

ered. Now the existence of this more or

less elongated flame proves that the combus-

tion of the gas, even when mixed with a

supply of air, is far from being instantaneous,

and that, in order that perfect combustion

may be obtained, a certain time must be

allowed to elapse before the mixed gases are

brought into contact with the objects which
would reduce their temperature below that

at which chemical combination will take

place. When the fuel is supplied in a solid

instead of a gaseous form, a still longer

time is necessary for the completion of the

process of combustion, the larger the parti-

cles of fuel the longer being the time thus

required.

It is a recognition of this fact, that time

is required to complete combustion, that

forms the basis of Mr. Crampton's system

of buurning powdered fuel. Instead of pro-

jecting the coal dust into a chamber where
the heat is to be utilized, he mixes it with

the requisite supply of air, and delivers the

mixture into a combustion chamber or flue
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of such length or provided with such baffling

screens that time is afforded for the com-
bustion to be completed, before the heated

gases which are produced arrive at the point

where the heat is utilized. The time requi-

site to attain this end may be obtained by
forming the combustion chamber with a zig-

zag flue, or by placing across it perforated

screens of brickwork, which will form baffles,

and delay the current of gases. In any
case, openings are provided for drawing off

the slag, which is deposited in the combus-
tion chamber.

Of course the smaller the particles in

which the fuel is supplied the greater will

be the surface exposed by them in propor-

tion to their weight, and the shorter there-

fore will—as we have already stated—be
the time required for their combustion. In

other words, the finer the particles the more
nearly will they approach in character to

gaseous fuel, and therefore if it were not for

certain commercial considerations it would
be advisable to reduce the fuel to the finest

particles possible. Although, however, coal

may, by suitable mechanical contrivances,

be readily reduced to a state of impalpable
powder, such reduction would be expensive,

and therefore from an economical point of

view unadvisable. Mr. Crampton has given
this matter careful consideration, and we
believe that the conclusion he has come to

is, that regarded from a commercial point of

view, it is unadvisable to spend more than
one shilling per ton on reducing the coal to

powder ; or, in other words, that the coal

should be reduced to as small particles as is

possible for this expenditure, but that the

advantages to be gained by the use of finer

particles would not compensate for the extra

expense of producing them.

To reduce the coal to powder, Mr. Cramp-
ton proposes to use ordinary millstones hav-
ing a blast of air passed between their

grinding surfaces, this blast both keeping
the stones cool and carrying off the fine par-

ticles as soon as they are produced. The
coal may, of course, if desired, be crushed
between rollers, or by other means, before

being fed to the millstones. The methods
of delivering the mixture of powdered fuel

and air into the combustion chamber, em-
ployed by Mr. Crampton, vary somewhat
according to circumstances ; the plan, how-
ever, which appears to be most generally
applicable is that in which the powdered
fuel is delivered from a hopper by means of
a feed-roller into a coned pipe or nozzle,

within which is a smaller nozzle discharging

air under pressure. A kind of injector is

thus formed which delivers the mixed air

and powdered fuel into the main pipe lead-

ing to the combustion chamber, this pipe

being traversed by a current of air under a
low pressure. In this arrangement the feed-

roller can receive its motion from a little

engine directly attached to it, this engine

being driven by the compressed air supplied

to the injector nozzle. Where the furnaces

are distributed about the works, the employ-
ment of little independent engines in this

way will be a great convenience, and will

save the erection of shafting.

We have said that the experiments already

made by Mr. Crampton on his system have
given most satisfactory results, and we hope
to be able in an early number to lay the full

details of these results before our readers.

In the meantime, however, we- may point

out some of the advantages which Mr.
Crampton's system appears to us to possess.

In the first place, besides enabling ordinary

good small coal or slack to be efficiently

consumed, it affords great facilities for burn-

ing coal of inferior qualities. Take, for

instance, coal containing a large proportion

of sulphur. In order that such coal may be
utilized for metallurgical operations in ordi-

nary furnaces, it is requisite that after being

powdered and subjected to a washing pro-

cess, it should be moulded by pressure, &c,
into blocks, while by burning it in the pow-
dered state all the moulding process would
be dispensed with. In cases when the coal

merely contains an admixture of earthy mat-
ters, unaccompanied by deleterious volatile

ingredients, the advantages in favor of Mr.
Crampton's system are still greater. In
such cases it is not even requisite that the

coal should be washed, it being merely

necessary to reduce it to powder, the pres-

ence of the earthy matters merely increas-

ing the quantity of slag deposited in the

combustion chamber without interfering with

the perfection of the combustion. In deal-

ing with the poor coals of India and similar

fuel this would be an important considera-

tion. Another advantage consists in the

saving of labor effected, the supply of the

powdered fuel to the furnace being regulated

merely by opening or closing a valve, while

there is the further advantage that the sup-

ply of air needed is little if any greater than

that required for chemical combination, so

that the intensity of the heat attainable is

far greater than in an ordinary furnace



752 VAN NOSTRAND'S ENGINEERING MAGAZINE.

where there is necessarily a surplus of air

present. As a result, moreover, of the

nicety with which the supply of air can be

adjusted, the formation of smoke can, as the

trials have shown, be completely avoided.

Again, the system offers great facilities for

utilizing the heat which would otherwise be

carried off by the waste gases, it being
merely necessary to pass these gases through
regenerators arranged on Mr. Siemens" plan,

and employ these regenerators to heat the

air which is mixed with the coal dust in

the first instance. In reheating and other

similar furnaces, also, the fact of a slight

pressure being maintained within the fur-

nace is an undoubted advantage, as it pre-

vents the indraught of cold air through
crevices, or when the furnace doors are

opened. Altogether, we consider that Mr.
Crampton's system of burning powdered coal

fuel is one which is well worthy the attention

of all interested in the economy of fuel, and
we anticipate that it will come into exten-

sive use. We shall have more to say about
the system in a future number, when we
shall be at liberty to publish details of the

trials, which have already been made on a

practical scale.

CULVERTS UNDER RIVERS AND CANALS.
From the " Mechanics' Magazine."

There is always more or less hazard and
risk in disturbing what may be called the

"existing state of things." Nevertheless,

it becomes imperatively necessary, on cer-

tain occasions, to incur the risk of so doing.

Of all the examples of engineering practice,

in which a corroboration of this statement is

to be found, that relating to interfering

with the status quo of the beds and banks of

rivers and canals, affords the most conclusive

one. Numerous have been the accidents,

and dire the consequences of excavating

even in the approximate locality of these

situations. It is impossible to observe too

much caution in conducting operations of

this nature, which have now become more
frequent than formerly. This is partly ow-
ing to the fact that rivers are no longer re-

garded as inseparable barriers between their

opposite shores, and that attention has, dur-

ing the last few years, been prominently
drawn to the practicability of effecting a

communication underneath instead of over-

head. This has been exemplified on a

gigantic scale by the proposed submarine
communication between England and France,

and is being practically carried out by the

Waterloo and Whitehall Pneumatic Com-
pany, and by the construction of the subway
under the Thames at the Tower. Although
not arrived at this pitch of subfiuvial tun-

neling, the French have accomplished some-

thing in that line, by the large syphon tube

recently successfully laid under the Seine,

to connect the sewage channels on each side

of that river. The laying of culverts and
pipes under embankments has always been
a source of anxiety and trouble to the engi-

neer, even when the embankments are made
at the same time. It is needless to point

out how greatly the trouble increases, and
how much greater need there is of precau-

tionary measures, when the case involves the

undermining of a bank already in situ.

There are two very prominent instances

to be adduced where the laying of pipes and
culverts underneath the banks of water re-

servoirs were attended with leakage and
bursting, The one is the well known catas-

trophe at Bradfield, some few years ago.

The other is the leakage and subsequent

emptying of the Vartry reservoir, constitut-

ing a portion of the Dublin Water Works.
Whatever might have been the true cause

of the former mishap, whether it was due to

an error in the principle of construction

adopted, or in practical working defects,

there is very little doubt about the latter.

The extrados of the arch of the culvert was
left nearly smooth, without any offsets,

steps, or "racking back," to afford a firm

hold of the puddle of the bank. In fact,

there was really a straight joint between the

puddle and the masonry, whereas there

should have been a union as intimate as it

was possible for ingenuity to imagine. As
might be expected, the water found out the
" weak spot." The result was the emptying

of the reservoir, which had taken months to

fill, and the plunging of the Dublin Corpo-

ration into litigation, which entailed upon it

a large amount of expense. In many of the

towns where new sewage works are in course

of construction, it has been necessary to lay

iron pipes below the beds of the adjoining

rivers and canals, both for the purpose of

effecting a communication between the sew-

ers upon the opposite sides, and also, in

some instances, to constitute a channel of

conveyance for the sewage to the fields in-

tended to be irrigated. This subaqueous

plan has been adopted at Norwich, where

very extensive drainage and sewage works

are in progress. Some idea of their ex-
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tent may be gained from the fact that

they are estimated to cost £60,000. Pro-

vided the foundation be good, and concrete

be used liberally, the only point presenting

much difficulty is the joints, which some-
times give a great deal of trouble. The
depth to which the drains must be sunk de-

pend, in the first place, upon the levels

;

and, secondly, upon the condition of traffic

in which the river is placed. If the river

be navigable, and used for the purposes of

navigation, the pipes should not be placed

too near the surface, and should be well

protected, especially about the joints, with

cement concrete, or they are liable to be

damaged by the anchors of boats. Were
there any choice in the matter, it would al-

ways be preferable to take the drain or pipe

over instead of under the river, but it is sel-

dom that the levels are so entirely optional

as to afford the right of selection.

An instance of the bursting of a canal

embankment, in consequence of excavating

underneath it, for the purpose of construct-

ing a culvert, occurred a very short time

ago. A portion of the embankment of the

Napton and Warwick Canal was washed
away, making a breach nearly 40 ft. in

width.

As a rule, we should prefer in these haz-

ardous situations to lay cast-iron pipes in-

stead of building a culvert. The time which
the disturbance and interference with the

existing bank occupies is of equal import-

ance with the nature of the operations car-

ried on. A much shorter time will suffice

to lay in a pipe than to construct a culvert

of brickwork or masonry. The former will

also require less excavation than the latter,

for supposing them to have the same inter-

nal dimensions, the arch, invert, and side

walls of the culvert, will necessitate the tak-

ing out of considerable additional quantity

of earth. These proportions in a cast-iron

pipe are simply its thickness, which practi-

cally is inappreciable. Besides, an increase

in the capacity or internal size of the pipe,

produces little or no corresponding differ-

ence in the thickness. With the exception
of the difficulty sometimes experienced in

making good the joints, there is no compari-
son with respect to the relative facilities of

the two methods for establishing a speedy
and secure communication between the op-

posite banks. The manner in which the
canal is constructed, at the place where the
intended pipe or culvert is to cross, has a
very great effect upon the risk attending its

Vol. I.—No. 8.—50.

successful laying. Should the canal be car-

ried altogether in an embankment, and the

levels not permit of the pipe being laid in

the natural ground, but require it to be

placed in the artificial bank, the danger is

seriously augmented. Not only is the founda-

tion more treacherous and insecure, but the

earth above is more liable to subside than if

it consisted of a thin stratum of the natural

surface. Subsidence is not necessarily a

forerunner of leakage or bursting, but it

frequently does precede these serious con-

tingencies, and may be regarded as a warn-
ing sign which should never be disregarded.

A distinction must be drawn here between
the ordinary subsidence, which invariably

follows the erection of every new bank, a

short time after its construction, and that

for which there is no apparent cause. The
former is always expected, and provision

made accordingly for raising the bank to its

proper level. The latter should be at once

carefully inquired into, and a constant watch
set on the spot.

IRON AND STEEL NOTES.

Duration of Blasts.—A metallurgist who has
spent the past winter in traveling among the

French and English furnaces, gives it as his opinion

that many of the recently-constructed and syste-

matically managed establishments of the United
States have nothing to fear from a comparison with
the very best in Europe. In fact, there are some
respects in which the ironmasters of this country
are decidedly in advance of their trans-Atlantic

compeers. The ever-increasing consciousness of

the necessity of very high temperature in the blast

is far more generally acknowledged and obeyed in

this country than in Europe; and the average num-
ber of workmen required to perform the usual labor

about the furnace is much greater there than here.

This observer gives the palm, among the works
which he visited, to the furnace near Middleboro',

in the Cleveland district. " Everything," says he,
" is new, practical and neat, even-to elegance."—
Whether, however, in the colossal furnaces of that

neighborhood the limits of economy have not been
passed, is a serious question. The two furnaces at

Rosedale are 103 feet high and 27 feet in the boshes.

Certainly their pi oduction of eighty or ninety tons

per twenty-four hours, great as it is, seems to be
below the proportion of their vast dimensions.

—

Probably the use of the Lurman cinder-block,

which has been adopted at some of the works, will

be found especially advantageous in raising the pro-

duct of very large furnaces, since it brings the slag

discharged much nearer the center of heat, to say

nothing of other favorable effects.

One point of difference between American and
foreign blast furnaces is not in our favor. We are

not able to keep as long in blast as do the Euro-
peans. This complaint is quite general among us,

and it is well worth while to inquire whether the

difficulty arises from a defect in the quality of our
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natural or manufactured fire-proof material. With
a view to answer this question, careful experiments

have been made abroad upon samples of American
clay and bricks furnished by W. M. Lyon, Esq., of

Pittsburgh, and the results have just been commu-
nicated to us by Mr. George Asmers, under whose
direction they were instituted.

It was found that our Mount Savage fire brick

excels the best varieties in Scotland, Germany or

Belgium, and that our Star at least equals them'.

—

A third brand of cheap American brick, the Porter,

showed itself not sufficiently fire-proof to be used

even in the upper parts of blast-furnaces. These
experiments do not by any means prove that there

are not many other kinds of American fire-brick as

good as those mentioned. In fact, we have our-

selves obtained and manufactured material from
New Jersey which successfully resisted tests before

which the famous Stourbridge brick gave way.

—

The question to be answered in these experiments
was merely whether it would pay to import Scotch
or German brick on the assumption that all Ameri-
can material is defective. This question is now
clearly answered in the negative; and if Mount
Savage or Star bricks do not hold out as long

as Garnkerk, the reasons must be sought else-

where than in the raw material. Most complaints

of this kind come from furnaces which smelt the

very rich ores of Lake Superior, and that, too, with

extremely small additions of lime. Under these

circumstances, the formation of cinder at the ex-
pense of the alumina of the fire-brick is inevitable.

The evil is aggravated when the blast is not so strong

;

as, for instance, at the charcoal furnaces of Lake
Superior, when the pressure is but one and a half

pounds. The zone of fusion here becomes annular,

and hugs the walls, producing such a rapid action

upon them that it is not surprising that the blasts

in that neighborhood seldom last longer than twelve
or fifteen months.

Careful experiments only can determine whether
it would be wise to change the present proportion

of flux and the pressure of blast to gain the advan-
tage of longer campaigns. Such question cannot be
flippantly answered a priori. One thing, however,
is now certain. We do not need to look for better

material in the construction of furnaces than our
own country affords.

[The above is from the " Journal of Mining."

—

The " American Exchange and Review" makes the
following comments :]

In addition to the above, it may be said that there

is as singular a variation in the endurance of English
furnaces as there is in furnaces in this country, in

districts where the ores vary. We speak now in

respect of the endurance of the furnace ring or

inner walls. The gentleman last named is upon the

line leading directly to the cause of difference be-

tween the endurance of American and of European
furnaces. The peculiarity of ores demands a pecu-
liarity in fluxing, and if that type or normal condi-

tion is not reached in the charge thrown into the

furnace, the silex and alumina, not the alumina
alone, must suffer, and the brick is dissolved or

fluxed in itself. The nature of the ores reduced,

therefore, has much to do in bringing about the dif-

ference in endurance. This may be considered a

probable suggestion when we notice the large amount
of lime in the charges of English furnaces as given
in the type cinder of Dr. Percy, namely, 88 silex,

15 alumina, 47 lime; whereas in the large majority

of our American furnaces 30 of lime would be the
maximum.

EXPERIMENTS AT THE JOINT EXPENSE OF IRON-
MASTERS.—The Staffordshire correspondent of

" The Engineer." says : Amongst some of the most
advanced producers of pig and finished iron in this

district, there has for some time been a desire that

such a combination should exist that experimental
works may be carried on at the cost of a joint purse
and for the benefit of all, such as machine puddling,

and other suggested improvements in the mill and
forge department.
The same idea is now finding expression in re-

spect of the making of pig iron. A South Stafford-

shire ironmaster, who within the last six years has
made five visits to the Cleveland district, bases

upon what is being done there an appeal to the

trade in his district, to devise some machinery by
which they may at one cost try each separate ex-
periment, and to learn what would prove most val-

uable for permanent adoption. "During my first

visit, I saw (he says) furnaces in advance of any
then in Staffordshire ; since then, at some of the

works, those furnaces have been altered once or

twee, and are now either rebuilt, or are about to

be." Indeed one of the Cleveland ironmasters him-
self remarked to me, in consequence of my having
said that I had thought, the first time I was in the

district, that the furnaces were so perfect they
would probably remain for years unaltered : "In
the last six years I have built five furnaces, each in

advance of the other ; I have now pulled them all

down and rebuilt, or am about to rebuild them as

85 ft. furnaces, with 27 ft. boshes, capable of making
450 tons of iron per week."
The South Staffordshire master remarks :

" This

seems a very lavish way of laying out money, but

let us examine it more closely. To rebuild a fur-

nace would probably cost somewhere about £1,000,

but if by rebuilding you can save Is. per ton on say

200 tons per week it would amount to £520 saved

per year, or upwards of 50 per cent on the outlay."

Now, as their furnaces make up to 450 tons per

week, it is evident that they are wise to alter where
they can see a saving of anything like Is. per ton.

What we want is a system of trying every new plan

on one given furnace, and under the same circum-

stances, and in such a way as to obtain perfectly

reliable data, such data to be open to all subscribers.

This could be best done by forming a Blast-Furnace

Institute, each member subscribing so much per

furnace, according to the number of furnaces that

he owned or leased. Such an institute would have
a working committee, who would build or engage

one or more furnaces, as well as a manager, and
keep all accounts on the cost-book system, showing

each separate account. The committee should meet
at least once a month, and individually make fre-

quent visits to the trial furnace. Say they are

working a 50 ft. furnace, and at the first meeting

agree to try the proper working height of furnaces

with the different coals of the district. The furnace

would be burthened to its very outside working

powers at that height, with each of the coals to be

tried, strict returns of the yields of everything being

kept. These being finished, let the furnace be

raised 5 ft., and then try them all again. Should

any or all of them prove to work to better advant-

age at the increased height, then raise another 5 ft.,

and go on in the same way till that experiment was-
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exhausted. We might then try increased heat of

blast, or a close hearth, and then the yield of any

one or all ironstones by themselves. The value of

such an institute no one can tell, but supposing that

by trying heights we saved as much as tive cwt. of

coal to the ton of iron—in Shropshire they save

seven cvvt., and in Cleveland upwards often cwt.

—

it would be somewhere near equal to adding one-

seventh to the life of Staffordshire, whilst it would

improve the quality also.

"VTew Blast Engine.—A blast-furnace engine

x\ built at jSorwalk, Conn., and described in the

the "American Exchange and Review," has the

following peculiarities : It is a vertical engine.

—

The air cylinder is 72-in. diameter and 8-feet

stroke ; the steam cylinder 36-in. diameter. The
air piston and follower, instead of being cast iron

and having packing between, consist of a ring six

inches in thickness, with space for packing, which

will be of solid wool felted and set out by a spring

ring. Instead of the one piston rod taking the pis-

ton in the center, there will be three taking hold of

the outside of the air piston, passing up through the

head outside of the steam cylinder, and fastened to

the crosshead. The great advantage of this is that

it entirely prevents any steam or water from being

carried down the piston rod through the stuffing

box into the air cylinder. The air piston being

simply a ring held by the three rods, and the en-

tire center being covered with boiler iron slightly

concaved, is very light. The steam piston is cush-

ioned at both ends by passing and closing the ex-

haust ports just before the termination of the stroke,

thus rendering striking the heads absolutely im-
possible, besides making the change of stroke

almost instantaneous, and in consequence of this

the variation of the blast is little or nothing.

The Large Blast-Furnace at Norton, Eng-
land.—We have received, says the '' American

Exchange and Review," the following description of

the blast-furnace at Norton, near Stockton-on-Tees,
England, erected by John Player, of Player & Hen-
derson, 30 Broadway, New York. It is 85 feet high,

and 25 feet across the boshes; cubic contents 26,-

000 feet ; and closed top, or bell and hopper arrange-

ment for charging; has one horizontal blast engine,

blowing cylinder seven feet diameter by seven feet

stroke, working twenty-two revolutions per minute;
has four of Player's patent hot-blast stoves, of

thirty pipes each: heating the blast 1,000° to 1,200°

Fahr., pressure of three and a half to four and a
half pounds on the square inch, using six tuyeres.

It was blown in March, 1867, and in 1868 produced
25,327 tons of pig iron; and in February, 1869, was
producing about 600 tons of foundry iron per week.
The consumption of fuel is about one ton to the ton

of pig iron. The ores are now 42 per cent, yield-

ing two per cent better than with smaller furnaces.

Less goes into the slag, or cinder, than formerly
with the small furnaces. The fuel is ordinary coke
that could not be worked in small furnaces, owing
to its injurious effect on the quality of the iron.

The gas arrangements, or rather the arrangements
for drawing it off, are so perfectly constructed that
the supply is divided up into sixteen different jets,

or flues, so that each stove and boiler has its supply
independent of the other, and there is enough for

steam and for heating the blast ; it is regulated and
coasumed with the same facility that ordinary light-

ing gas is consumed in a dwelling, and is consumed
on the principle embraced in an Argand burner, by
a gas regulator.

The production of this furnace has exceeded the
anticipations of the parties concerned by fully fifty

per cent. It is illustrated in " Engineering" (Au-
gust 10, 1866, p. 104), where it is stated that it was
expected to produce 400 tons per week, while it

now produces about 600 tons. It is expected that
it will keep in blast five to six years longer, or seven
to nine years in all. Owing to the time that it will

probably remain in blast, the expenses of repairs
will be less than in any other furnace, per ton of
iron. There are no repairs to be charged to the
hot-blast stoves, nor will there be, as, owing to the
principles of their construction, none can be requir-
ed. The labor account of this furnace is but a trifle

in excess of that of one of eighteen feet, whilst the
product is double.

Estimate of cost of this furnace at present wages
and prices of materials, to include furnace, casting
house, engine house, lift stoves, etc., complete to
take the blast

:

Foundations, $5,300
Common bricklayers' work, - - 24.800
Fire bricklayers' work, - 37^500
Cast-iron work, - 25,000
Blast engine, 13,000
Boilers, etc., - 6.500
Pumps, - - - - - - 2J500
Machinery for hoisting, - 3,500
Sheet-iron work, ... - 4,000
Wrought-iron bands, - 3,000
Valves, pipes, cocks, stays, etc., - 5,500
Various expenses, such as fitting, setting

engines, boilers, scaffolding, extra

labor, 15,000

$145,600

We would modify this communication from Mr.
Henderson by simply stating that we are under the
impression that his estimates of cost of producing
iron on the Lehigh are too low as to coal, limestone,

and in some places in ore. The cost of limestone
is about $1.75 in some places, of coal more than
twice as much, even before the strike, and ore

(brown hematite) is generally from $5 to $5.20 at

the mines, to say nothing of the magnetic ore which
forms nearly, and in some places quite, one-quarter
of the charge, and is much more expensive. With
what has been said in a previous article in the pre-

sent number of the " Exchange and Review," our
readers can draw their inferences as to the compara-
tive excellence of small and large furnaces.

Mixing Iron Ores and Charges.—Dr. Crookes,

in his new work upon iron, just received, has

the following concerning the mixing of ores and
charges

:

1. Rich ores without earthy substances. They
are mixed either with poor ores or with fluxes of

blast-furnace slags, neutral silicates, etc.

2. Silicious ores. These are the most common;
they are mixed with different fluxes, according to

the state in which the silica is associated with the

the ore, viz :

a. Silica is mechanically admixed with the ore,

ores generally difficult to fuse, requiring aluminous

and calcareous fluxes; best in the form of alumin-

ous lime if suitable iron ores are not obtainable.

—



756 VAN NOSTRAND'S ENGINEERING MAGAZINE.

Fluor spar has some advantages over common lime,

as its fluorine volatilizes part of the silicon. It fuses

easily with heavy spar, gypsum, and phosphate of

lime, and is therefore a good flux for ores contain-

ing those substances. Ores at the same time con-

taining quartz in a finely disseminated state and
protoxide of iron are difficult to smelt. The sili-

cious ores without manganese produce gray or mot-
tled iron.

b. The silica is more or less saturated by other

bases than iron. The silica is sometimes saturated

with bases in such a manner as forms a suitable slag

without the addition of other fluxes; or when con-

tained in richer ores, an addition of neutral fluxes

is required only to produce the sufficient quantity

of slag. In most cases, however, the silica is not

sufficiently saturated, and it then requires an addi-

tion of basic minerals, calcareous ores, or lime. In

rare cases ores are smelted containing silicates so

basic as to require an addition of silica or alumin-

ous marl, etc.

c. The silica is combined with peroxide or pro-

toxide of iron, as in puddling, refinery slags, etc.

—

These substances are difficult to smelt, and the best

method is Lang & Frey's, according to which 25

parts of well burned fresh lime are slaked, and mixed
while warm with 65 parts of pulverized slag and 10

parts of pulverized coal. The mixture is molded
into forms, dried, and broken up to the size usual

for smelting.

3. Calcareous iron ores being very refractory when
smelted by themselves, are mixed with argillaceous

iron ores or clayey substances. Pure quartz is sel-

dom employed as an addition, for it requires a lon-

ger time for the formation of silicates, and is liable

to scorify protoxide of iron.

4. Iron ores containing magnesia are very refrac-

tory, and require an addition of argillaceous sub-

stances and lime. If these ores contain at the same
time a certain amount of manganese, the reaction of

the magnesia will be partly neutralized.

5. Manganiferous iron ores sometimes smelt by
themselves and are inclined to yield white pig iron,

but they usually require an addition of lime in order

to produce a slag free from iron. An increased ad-

dition of lime or magnesiferous substances is requir-

ed if the production of gray iron is intended from
these easily-fusible ores. Easily-fusible ores poor

in manganese, such as some sorts of black-band,

also require a greater addition of calcareous fluxes.

6. Titaniferous iron ores, usually difficult to fuse,

require fluxes of lime and quartz. Alkaline fluxes

are also very effective.

Plating Steel, etc., with Nickel.—There were
recently exhibited before the Polytechnic As-

sociation of the American Institute, several speci-

mens of iron and steel, upon which nickel had been

deposited by the battery by a process devised by
Dr. Isaac Adams, of Boston. It was claimed for

this process, that while nickel is a much cheaper

metal than silver, it is much harder, and is not

affected by atmospheric influences, while at the

same time the color is nearly equal to that of silver.

Nickel is admirably adapted to the engraver's pur-

poses, as from its extreme hardness, a plate of nickel

will outwear several plates of copper. Hitherto it

has been found impossible to deposit nickel to a

greater thickness than that of a mere film. The
mere deposition of nickel on steel is nothing new.

Directions for the process will be found in Smee's

work, published many years ago. But thus far it

has been found impossible to deposit nickel in thick
plates, for as soon as a film has been thrown down,
the nickel is deposited in the form known as the
"black deposit," which is friable and worthless.

—

Hitherto it has been thought necessary to use pure
nickel for the pole or anode that is to be dissolved,
but Dr. Adams has succeeded, even when the metal
employed did not contain more than 75 per cent of
nickel. Mr. Smith did not describe the process
employed, as he stated that he was afraid his me-
mory was not to be trusted in regard to it. The
solution employed is the double sulphate of nickel
and ammonia, but it must be prepared in a special
manner, in order to insure success.

The Closed Hearth in Blast-Furnaces.—The
correspondence of the " Engineer " thus men-

tions the use of this improvement in Cleveland :

—

The devices of the Cleveland iron-masters to stop
all leakages or droppings, and to husband and eco-
nomize all available products, are notorious. Nor
are the other districts, so far as it is possible in the
localities of old date, supine. The closed hearth
system of working blast-furnaces, which has been
applied to some forty furnaces in Prussia, is now
being tried, we see, in Shropshire. By this system
the hearth is kept much hotter than by the usual
method, for there is no waste of heat to keep up the
temperature in the useless channel between the
hearth and the dam. Instead of blowing into the
cinder, as in most of the English furnaces, the tuy-
eres, upon Liirman's patent, are inserted on a level

of about nine inches above the scoria outlet, thus
bringing the full force of the blast upon the mate-
rials. Fuel is saved, and more iron, and of a bet-
ter quality, is produced. The casting may be car-
ried on without the blast being taken off, which is

another source of economy, and the •' blowing
through " process after every cast, with its conse-
quent waste of heat, is unnecessary. There is rea-
son to conclude that the furnaces will not display a
tendency to " bridge up," that condition of things
being prevented by the intense heat, by which every-
thing becomes thoroughly melted. So far as the
experiments have already gone, the patent can be
applied where tender as well as strong fuel is used.

The Siemens-Martin Process in England.—
The North Yorkshire Steel and Iron Company,

amongst whom Mr. Bernard Samuelson, the mem-
ber for Banbury, is a conspicuous proprietor, have
attempted to carry out the Siemens (Martin's) pro-
cess for the manufacture of steel; but after much
experimenting have, in reference, certainly, to

some of the stages, abandoned the project, to the

consequent great regret not alone of themselves,
but likewise of the people of Newport, where nu-
merous work-people began to find employment in a
new avocation, but are now being discharged. The
attempt is not, however, to be definitely given up.—Cor. Engineer.

New Heaton Patent.—The invention of Mr. John
Heaton, of Langley Mills, Derby, just specified,

relates to improvements in the manufacture and
production of iron and steel, and consists in the em-
ployment of the cinder or slag resulting frem the

balling of steel or of steely iron which has been ob-

tained by the action of nitrate of soda or of nitrate

of potash upon cast-iron, either in a converting
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vessel or apparatus such as is described in the spe-
cifications of letters patent granted to him (Nos. 798
and 1,295), or in any other suitable furnace or appa-
tus. This cinder or slag he employs either in what
is known as the puddling process for the production
of malleable iron, or of steel from cast-iron, or in

the blast-furnace, for the purpose of improving the
quality of cast or pig iron to be produced. In the
employment of the product obtained by heating to-

gether oxide of iron and carbonate of soda, er caus-
tic soda, or mixtures of the same for the production
of malleable iron or steel from cast-iron, in what is

known as the puddling process, and also its employ-
ment in the blast-furnace, for the purpose of im-
proving the quality of cast or pig-iron to be pro-
duced.

Punched Steel and Iron Tubes.—It is upwards
of two years since we first publicly drew atten-

tion to the interesting process of making tubes by
punching a solid ingot, and gradually enlarging it

afterwards by punches of successively increasing
diameter, so as to put the work upon the tube from
the inside instead of, as heretofore, longitudinally.

Messrs. Deaken & Johnson's punched tubes have
since achieved a great commercial success. Up-
wards of a quarter of a millton have been made,
and in many large contracts abroad, especially for

the Remington rifles, no others are used.

—

Engi-
neering.

Testing Machine.—A writer in "Engineering,*"
remarks that in some tests which he witnessed

with the Kirkaldy machine, a trammel used on the
bar itself, showed a far less amount of extension
under various strains, than was indicated by elabo-
rate machinery and index attached to the instru-

ment for this purpose. This is an important point
to have in view in connection with such tests.

The pig-iron product of Great Britain in 1868
was 4,800,000 tons, that of the United States

1.603,000 tons.

0KDNANCE AND NAVAL NOTES.
European Small Arms.—With regard to small

arms, the most prominent feature of the year
has been a continuation of the activity to which the
events of 1866 gave the first impulse. In the North
German army, the work of arming the troops with
the well-tried needle-gun was pushed vigorously
forward. For the fortresses, rifled percussion-guns
of home and foreign construction (Austrian, &c,
taken in war) were transformed into breech-loaders.
It is proved, by the result of trials made at the
military practice school in Spandau, with guns of
the most approved systems, that the needle-gun, in

precision and rapidity of fire, is inferior to none.
On the other hand, the superiority of the small cali-

ber, under some circumstances, is a matter that
merits serious consideration. Hesse, Baden and
Wurtemberg have armed their contingents with the
needle-gun. Bavaria will not remain satisfied with
the Podewils gun transformed on Lindner's system,
and will probably adopt that ofWerder. Austria
has not yet completed the transformation of her old
rifles according to the system of Wanzl. The model
of Werndl presented some difficulties of construc-
tion, but the manufacture is now said to be going
orwards. Here, as everywhere, it is the metal

cartridge that has caused the trouble. Since April,

the French infantry have been armed with Chasse-

pots ; but this is only the case with the army on its

peace footing. Although private industry abroad
and at home has been had in requisition, a sufficient

number of these arms has not been procured for the

army when in war, not to mention the reserves.

Liege supplied 40,000 last year, and hopes to finish

80,000 in 1869. In spite of some defects, which the

Minister of War himself acknowledges, the weapon
seems, on the whole, to give satisfaction.

For the National Guard, the old rifles are being

altered according to Snider. Italy and Russia have
adopted the needle-gun. The Italian rifle pretty

closely resembles the Dorsch and Baumgarten con-

struction. In Russia the change progresses very
slowly, and the breech-loaders, altered after the

model of Carle, are, according to the latest news,

only in the hands of the guard. Berdan is contem-
plated as a new model, and of these 50,000 are said

to he in readiness. Only the North German Con-
federation, with Baden and Wurtemburg, is at pres-

ent completely supplied with breech-loaders,

and then come France aud England. All the

other States are more or less behindhand in this

respect. At present the needle-system preponder-
ates, as four great States and several of the smaller

have adopted it.

—

Kreutz Zeitung.

The Monitor System Gaining Ground.—

A

British captain recently said: "For nineteen

years we had to deal with vessels which we knew
were worthless to fight in. They were gorgeous in

appearance, rich in tradition, associated in the past

with all our naval glories, and it is a bitter thing to

part with them; but, still, that old wooden fleet has

been at last got rid of, for last night the First Lord
of the Admiralty promised you that even your re-

serve in future should be an iron-clad fleet. Hav-
ing got rid of that wooden fleet you have now to

prepare yourselves in the next ten years, if you are

governed and led as you should be, to find the fleet

trusting to steam machinery alone for its progress."

Whereupon the "Army and Navy Gazette" re-

marks: " Until Americans and French, Prussians

and Russians decide upon ceasing to build iron-

clads, casting and building up 20-ton guns, rifling

and smooth-boring and manufacturing other imple-

ments for the ready and wholesale destruction of

human life, we cannot afford to be behindhand; and
so we fear the ugly, low, iron floating citadels must
drive from the face of the waters the stately three-

decker. War is a business, sad as it may be, and
those who engage in it cannot indulge in a senti-

ment which might lead to bankruptcy. We must
make up our minds to fight when called upon be-

hind twelve or fifteen inches of iron armor-plates,

and our movements regulated by steam power repre-

senting the combined strength of nine or ten thou-
sand horses."

When the British navy comes down from three-

deckers to " ugly, low citadels," protected by twelve
or fifteen inches of iron," and propelled by " steam
machinery alone," it will be a splendid realization

of the American idea, first proposed by Stevens and
made practical by Ericsson.

Comparative Efficiency of the New British
Gun.—A 9-in. Frazer gun, made for an endu-

rance trial—a trial a I'outrance—has withstood up-
wards of 1,100 discharges, and of these 400 were
full service rounds of 30 lbs., with 250 lbs. rifled
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shot, while the remainder were battering charges of

43 lbs., with the same shot. The gun is scarcely

enlarged in the chamber, the riding hardly worn.

—

It is a reason for just national pride, or, rather,

for an even greater pride. No Krupp gun of large

bore could be adopted with confidence in our naval

service. No French gun could hold its own for an
hour against such a test. As for the American
guns—the huge smooth bores—they have been offi-

cially condemned and abandoned by the ordnance
engineers of the cousin country.

—

Engineering.
We are greatly indebted to cousiu Bull for work-

ing out the Fraser gun—at a fabulous cost. "When
it is quite perfected we shall adopt it in places to

which it is suited. Meanwhile we are equally

thankful to cousin Bull for disbelieving iuthe Rod-
man XV inch. It answers very well our modest
requirements—such as enduring the thousand test

rounds, firing hundred pound charges, and smash-
ing such targets as it has been aimed at. The late

Congressional ordnance committee, referred to by
our cotemporary as the '

' ordnance engineers '

' of

America, have, indeed, abandoned the Rodman, but

as long as it is retained and believed in by the army
and navy it will meet our wants till the Fraser and
the Woolwich machinery are so far perfected that

they can be safely copied.

Prench Merchant Marine.—The following re-

sults relating to the mercantile marine of France

are taken from the general table of the foreign

commerce of France just published by the Minister

of Agriculture, Commerce, etc. On the 31st De-
cember, 1867, the total tonnage was 1,042,751,

and at present is 1,048,679, showing an increase of

5, ,928 tons. The number of vessels is 15,602. Of
these, 7,212 are below 10 tons ; 4,757 from 10 to

100 ; 2,733 from 100 to 300 ; whilst above 800

there are only 76. Out of that total 215 are

steamers representing 86,102 tons, an augmentation

being found over the previous year of 8 ships and
11,192 tons. These figures are of great interest, as

they show the constant advance of constructions

intended to accelerate navigation. The port of

Marseilles has the largest share—viz., 172,829 tons

distributed amongst 792 vessels. Havre comes next
with 132,296 and 390 ; Bordeaux, 129,167 and
413 ; Nantes, 114,734 and 647. Bordeaux has the

greatest number of large vessels—283, from 100 to

800 tons. The difference between the entry and
departure in ballast is considerable. In 1867 the

tonnage was 19,000 for the former and 2,505,000

for the latter. The figures for loaded vessels are

6,366,000 and 4,125,000 respectively. The result

is that France has always great difficulty in finding

export freights.

—

jirmy and Navy Gazette.

Construction of Armor Plate.—Two armor
plates, each 5 in. thick, manufactured by Cam-

men & Co., for the Austrian government, were re-

cently tested by four shots from the 8-in. smooth
bore at 30 ft. range. The one plate was made in

the ordinary way, the other was made up of three

thicknesses, by placing an armor plate 4^ in. thick

between two thinner plates, and rolling them down
to the required thickness of 5 in. It was remarka-

ble to see how closely the one plate resembled the

other after the tests had been made, the greatest

indents being 2.5 in. and 2.4 in. respectively, while

the bulge in the back in both instances were 3g in.

pver an area of 2 ft. 3 in. and 2 ft. 4 in. respec-

tively. It was clearly established that there was
practically no difference in the merits of either plate,

and both will receive a high classification.

The above is from an engineering and metallur-
gical journal of high authority, which fact prompts
us to ask if all rolled armor plates are not made
from piles of thinner plates, rolled down to the re-

quired thickness. We should think a difference

rather than a resemblance in the results mentioned
—the iron being the same—would have been re-

markable.

The Russian Fleet.—The following are the par-

ticulars of the Russian fleet, as given in the
"Journal of St. Petersburg!)," from the report of
the Ministry of the Marine : On the 1st of January,

1869, the fleet counted 230 steamers and 37 sailing

vessels. The former consisted of the following

armor-plated vessels : 4 frigates, 3 batteries and
13 monitors. Non-plated vessels : 6 ships of the

line, 8 frigates, 18 corvettes, 7 clippers, 62 gun-
boats, 6 vessels colled "vapeurs-frigates," 4 impe-
rial yachts, 13 schooners, 22 transports, 48 despatch
boats, and 16 chaloupes. The sailing vessels con-
sisted of 5 yachts, 4 schooners, 15 transports and 13

chaloupes. Of these 156 vessels were in the Bal-

tic, 1 in the White Sea, 30 in the Caspian, 41 in the

Black Sea, 31 on the eastern coasts of Siberia, and
22 in the sea of Ural. There were, in addition, 4
plated frigates and a steam yacht on the stocks in

the Baltic, and 2 gunboats on the Siberian coast.

Bridge Building in War Time.—Bridge build-

ing was one of the arts brought to the greatest

state of perfection during the rebellion. General
McCallum states that the Rappahannock River
bridge, 625 feet long and 35 feet high, was rebuilt

in nineteen working hours ; Potomac Creek bridge,

414 feet long and 82 feet high, in forty working
hours; Chattahoochee bridge, 780 feet long and 92
feet high, in four and a half days; that between
Tunnel Hill and Resaca, 25 miles of permanent
way, and 230 feet of bridges, were constructed in

seven and a half days; and near Big Shanty, 354.

miles of permanent way, and 455 feet of bridges, in

thirteen days.

Trial of English and French Rifles.—The
current number of the " Proceedings of the

Royal Artillery Institution " contains an interesting

account of a trial lately, at Woolwich, of the Chas-

sepot rifle in comparison with the Henry-Martini.

As regards accuracy, it appears that the Chassepot

was greatly inferior to the English arm. The worst

target made with the Henry-Martini at 500 yards

was 1.652 ft., the best with the Chassepot was 2.38

ft. The best target with the Henry-Martini showed
a still higher degree of accuracy, viz: .96 ft. The
trajectory of the Henry-Martini was flatter than that

of the Chassepot, viz., 8 ft. 2 in. against 10 ft. In

simplicity of manipulation the English rifle was
superior, and it is less fatiguing to use. In firing

for rapidity the Chassepot gave 20 rounds in 1 min
42 sec. ; the Henry-Martini 20 rounds in 48 sec, of

more than twice the rapidity.

New Turkish Iron-Clad —The Moyini-Zaffer,

built for the Turkish government by Messrs.

Samuda Brothers, at Poplar, was recently launch-

ed. The length is 230 ft,, breadth 35 ft., depth

27 ft. Her burden is 1,400 tons, and her displace-

ment 2,400 tons. Her armament will be four 12-
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ton rifled guns placed in a double central battery,

so arranged that they can all be fired on one broad-
side, or can be trained to fire in a line nearly par-

allel with the ship's course as bow and stern cha-
sers. She is designed by Mr. Markrow, of the

Thames Iron Shipbuilding Company, and will, if

the expectation of her designer and builders be ac-

complished, be the fastest vessel of her class afloat.

NEW BOOKS.

Iron and Steel Manufacture : a series of

Papers on the Manufacture and Proper-
ties of Iron and Steel; with Reports on Iron
and Steel in the Paris Exhibition of 1867;
Reviews of the State and Progress of the
Manufacture during the Years 1867 and 1868

;

and Descriptions of many of the Principal
Iron and Steel Works in Great Britain, the
Continent of Europe, and the United States.
By Ferdinand Kohn, C. E. New York: Virtue
& Yorston, No. 12 Dey street; and D. Van Nos-
trand.

This handsome volume, which is profusely illus-

trated, embraces a series of paper on the manufac-
ture of iron and steel ; reports on iron and steel in

the late Paris Exhibition; reviews of the state and
progress of the iron and steel manufacture in 1867
and 1868; together with detailed descriptions of

the principal iron and steel works in Great Britain

and on the Continent. . . . The author com-
mences with a general notice of the iron aad steel

manufacture in 1867, and in this the method of

arrangement adopted in the body of the work is in-

dicated. The first important division is devoted to

iron smelting. This introduces much useful infor

mation about the Scotch iron field, particularly of

the Gartsherrie, Coltness, Govan, and Langloan
iron works. Barrow-in-Furness naturally comes in

a prominent place, and the extensive works at

Wigan are also described. The new district of

Cleveland receives, as might be expected, an elabo-

rate notice, the more modern furnaces being fully

explained by illustrations. About one-half of this

division is appropriated to continental iron works,

and to various metallurgical subjects connected
with the manufacture of pig iron. The engineer-

ing appliances required for blast furnaces—such as

hoists, blowing engines, calcining stoves, &c.

—

come next in review, all the newest arrangements
being fully described. A considerable space is de-
voted to cupolas, foundry cranes, and foundry
work in general; the Phoenix Foundry, Glasgow,
and the Ormesby Foundry, Middlesborough, being
especially noticed. The production of Bessemer
steel takes up a great part of the work. Very
elaborate details are given of the plant required in

carrying on the Bessemer process. Descriptions of
the Cyclops Steel Works, Sheffield, of the Barrow,
Dowlais, Don, Gorton, Mersey, and other steel

works, appear with elaborate illustrations of the

most improved arrangement of Bessemer plant.

The Siemens-Martin process, now being successful-

ly introduced in this country, is noticed ; also half

a dozen other processes for the manufacture of
steel. The important regenerative furnaces of Mr.
Siemens, which are calculated to effect a great

and smelting furnaces, are naturally described in

detail, more particularly as applied in several places

to puddling purposes. Coming to the manufacture
of wrought iron, we find articles on puddling, in-

cluding the various attempts that have been made
to carry on the process by mechanical means ; fol-

lowed by descriptions of forge hammers, forging

presses, and rolling mills. In the latter depart-
ment, tyre rolling, the universal mill, improved
plate mill machinery and adjuncts, form a highly
important feature in the volume. If we add that
reports on the iron and steel exhibited at Paris, and
on various matters connected with the strength and
elasticity of iron and steel, are appended to those
above enumerated, we have given a tolerably clear

sketch of what Mr. Kohn has collected in this

quarto volume of 288 pages, with its 83 full page
illustrations. . . . The book will, assuredly,
be of good service to the trade, particularly those
who are practically connected with iron or steel

works; and we have no doubt it will have an ex-
tensive circulation in all the iron-making districts.—Iron and Coal Trades Review.

The Mining Atlas. Bv Thomas Spargo, M. E.,
1 &c. Published by the author, at 224 and 225,
Gresham House, Old Broad street, City. For sale

by Van Nostrand, New York.
Mr. Spargo has in the present work excelled all

his other publications, by the importance of the
subjects and the exceedingly interesting manner in

which they are treated. No fairy tale could con-
tain a more romantic air, or be written in a more
graceful style, than the " Mining Atlas." So
varied is the geological, mineralogical, topographi-
cal, and geographical information and description

that the work is a repertory of scientific informa-
tion, associated with scenes and incidents, local and
historical, of thrilling interest. All the maps and
sections are beautifully executed, but that of Colo-
rado territory is a surpassing beautiful specimen of
orographical delineation. The literary portion of
this number is varied and excellent. Chapter I is

introductory and general ; chapter II, how mines
aie worked, and plans and sections are framed;
chapter III, general descriptions of the mining
regions in Great Britain, of which maps and plans

are given in the volume, such as Cornwall and
Devon, Cardiganshire, and the Isle of Man; chap-
ter IV, mineral-bearing regions of the American
continent, Cardiganshire, Dolcoath Mine, and Bo-
tallack Mine. There are 36 quarto pages of literary

description and original treatise on the important
subjects above named. We strongly recommend
not only persons engaged in mining as investors or

otherwise, but the whole public to make the oppor-
tunity available of procuring what we do not hesi-

tate to pronounce one of the most interesting works
given to the public for many years.— Mining
Journal.

Cyclopedic Science Simplified. By J. H.
Pepper, Professor of Chemistry, F. C. S., A. I.

C. E., &c. London: F. Warne & Co., Bedford
street, Convent Garden. New York : Scribner,

Walford & Co., 1869.

Professor Pepper is already known as a writer

upon natural philosophy, but his earlier works were
written for the youthful student. The volume now
before us is an advance upon those, and conveys

scientific information to such readers as may have
economy in the amount of fuel required in heating neither the time nor the inclination to study the

more recondite authors in such a form as is at once

instructive and interesting. In fact, our author
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transports himself, with all his happy ideas and
illustrations, from the lecture theatre to a volume
containing nearly 700 pages of letterpress, inter-

spersed with about 600 engravings. The subjects

treated of embrace light, heat, electricity, magnet-
ism, pneumatics, acoustics, and chemistry, which
are considered in all their varied branches, their

practical applications being illustrated. The vari-

ous natural phenomena are explained with brevity

and simplicity, and illustrations are given, by
means of which the general reader is at once made
familiar with facts and principles, which otherwise
would be but " dark sayings " to him. The author
introduces here and there portions of papers, by
our veterans of science upon the subjects of which
he treats. Thus, among others, we find the names
of Faraday, Daniell, Wheatstone, Brewster, Tyn-
dall, Crookes, Siemens, Noad, Spillar, &c, whose
writings are judiciously quoted in their own words,

and are not hashed into a jumble by the pen of a

plagiarist. In this work the reader will find re-

produced many of those interesting experiments
illustrative of the peculiar properties of light, heat,

and sound, with which Professor Pepper has been
wont to entertain them. In short, as a first pro-

gressive book in natural philosophy, and as one
eminently calculated to stimulate the reader to a

deeper research into scientific truths, we know of

none which commends itself so well as Professor

Pepper's "Cyclopaedic Science Simplified." It is,

moreover, a handsomely got-up volume, and does

credit to the publishers, who have made the out-

side of the work as attractive as the Professor has

made the inside.

—

Mechanics' Magazine.

I'

ink and Valve Motions. By Wm. S. Auchin-
1 closs. New York, 23 Murray street. D. Van

Nostrand. [Second notice.]

There are few draughtsmen who are willing to

bestow much time on the perusal of books on valve

motions, or to give attention to rules for their

design. The feeling is well nigh universal that the

proportions of the parts can be determined with

greater confidence on the part of the designer and
with at least equal speed by the usual process of

laying out the motion on the drawing board, as by
reference to any rules intended to supersede this

labor. The work before us, so far as it relates to

simple eccentric valve motions, differs from the

ordinary run of works of this class in that it does

not propose a series of rules liable to be forgotten

or misunderstood, but simply shows how the labor

usually expended in laying down a proposed motion
may be dispensed with and the results arrived at in

the absence of all drawing tools. This is done by
simple measurement on an engraved diagram which
the author has constructed, and which, from its

simplicity and convenience, excites wonder that it

has not been used before. By means of this the

designer can, in less than a single minute, tell what
proportions of valve and position of eccentric must
be employed to give a desired point of cut off with
any length of connecting rod ; or can in like manner
determine any of the features of the valve motion
when the necessary data are given without recourse
to any geometrical construction or the study of any
rules. In laying out the link motion the conditions

are more complex, and here it is necessary to resort

to geometrical construction, but the author shows
the effect of the different modifications that may be
made so clearly that much of the difficulty which,

to many, appears inevitably connected with the
design of a successful motion of this class, is re-
moved.
The work is plentifully supplied with such tables

as are required in the operation of designing valve
gear, the effort of the author throughout being to
lessen the labor of the designer by performing for
him all the preliminary and incidental calculations
which arise in such work, leaving him simply to
select what is applicable to the particular case in

hand. "We feel sure that all who read the work
will be struck at once with its practical value. S.

The Smoke Nuisance and its Remedy by
Means of Water, with Remarks on Liquid

Fuel. By C. J. Richardson, Architect. Atch-
ley & Co., Great Russell street, Bedford square,
London. "W. C. For sale by Van Nostrand.
Mr. Richardson's plan for remedying the smoke

nuisance is by washing it with the spray of water.
He gives it in detail, with diagrams; and he re-
marks that though it certainly is not possible to
disturb the whole of the chimneys of London, the
worst of them might be operated on, such as the
chief kitchen flues of the great establishments
which are continually sending out inky smoke. If
it were possible, as he observes, to cut into all the
chimneys of London and apply the remedy, the
whole of the soot which at present escapes into

the atmosphere might be caught and passed into
the drains : it would there deodorize them, and the
sewage would be rendered doubly valuable as ma-
nure, and be largely increased in quantity. This
would certainly be the best mode of remedying not
only the smoke nuisance, but the sewage emana-
tions also, because so long as the air is contaminated
with these, the smoke is at least useful in the air as
a deodorizer of them, however injurious to human
lungs in itself, or unsightly in its effects on build-
ings. In the pamphlet under notice, Mr. Richard-
son gives the results of his important experiments
with liquid fuel. The substitution of petroleum
for bulky coal in steamers would be an immense
improvement, both in our mercantile and our naval
shipping. Mr. Richardson says that "any boiler

having water space below grate can be fitted to
burn oil, so as to obtain a result from 2| to 3 times
above that given by the best coal ; 5 times, proba-
bly, of that given by common coal : no alteration

will be required, only some additional plates in

lieu of fire-bars."

—

Builder.

fpHE Handbook of Iron Shipbuilding. By
JL Thomas Smith, M.I.N. A. London : E. &. F.
N. Spon. For sale by D. Van Nostrand, New York.
We have here a handy little manual, consisting

of but sixty-two octavo pages, yet containing with-
in that space a greater amount of useful practical

information than is to be found in many works five

or six times its size. Mr. Smith states in his pref-
ace that his book is intended to serve as a practical

guide to shipowners, shipbuilders, inspectors, ship-

masters, foremen, and intelligent working men;
and it appears to us that it is well calculated to

fulfill its end. It contains no elaborate theoretical

disquisitions, and, in fact does not deal with theory
at all; but contains abundant practical information
as to the points to which attention should be paid
in constructing an iron vessel. The book is divided
into two parts, of which the first consists of practiT

cal instructions, while the second contains a variety

of useful information, such as the weights of deck-
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beams, angle iron, plates and rivets, copper bolts,

&c, the weight and strength of canvas, the allow-

ances for waste in converting timber for shipbuild-

ing purposes, and a large collection of detailed

piecework and other labor prices.

The labor prices form an important feature in the

work ; they include the standard wages of the vari-

ous classes of mechanics employed in a shipyard on
the Thames, Mersey, Wear and Tyne, and the

Clyde; and, as we have said, an extensive collec-

tion of the various piecework prices paid in the

different districts. To these are added detailed

tables of the actual costs for labor and materials of

several iron steamers and sailing vessels of various

sizes and classes.

—

Engineering.

Appleton's Cyclopaedia of Drawing. Designed
as a Text-Book for the Mechanic, Architect,

Engineer, and Surveyor. Part I. Edited by W.
E. Worthen, New York. D. Appleton &. Co., 90,

92 and 94 Grand Street.

The system of publishing valuable books in parts

by subscription has long found favor with mechan-
ics and others, and very properly so. The present

work, when completed, in thirty parts, at thirty

cents each, will cost, including binding, not less

than $10.50 to $12.00, a sum which few mechanics,
especially apprentices, would care to invest in a

single work. But by taking it in parts at thirty

cents, many a quarter will be saved which would
otherwise be spent for cigars or lager, while the

money thus invested will bring in better returns

than if it were placed at compound interest. More-
over each part may thus be studied carefully as it

is received, and the money need not be invested in

any part of the book until that part is wanted. Of
course these remarks apply chiefly to our young
men, or rather boys who are endeavoring to fit

themselves for a future career of usefulness.

Of the character of the work it is hardly neces-

sary to speak. We were familiar with the first

edition and held it in very high esteem, and we
have no doubt that the author has introduced into

this new edition those improvements which a riper

personal experience and the general advancement of

the art have brought to his notice.

—

Manufacturer
and Builder.

Force and Nature, Attraction and Repul-
sion: the Radical Principles of Energt,

Discussed in their Relations to Physical and
Morphological Developments. By Charles
Frederick Winslow, M. D. Philadelphia: J. B.

Lippincott &. Co.
We have endeavored, before expressing our views

in regard to this book, to read it in a perfectly

candid spirit of inquiry. We confess that we found
it hard to maintain that spirit to the end. Its

style is at times forcible, and its author has evi-

dently caught more than a mere glimpse of certain

fundamental truths; but while saying this much,
we are compelled to add that it is one of the most
illogical books we ever attempted to peruse. It is

full of fantastic speculations, and contains not a
few errors in its statements of facts. It is weari-
some, from its interminable repetitions and its

diffuse method of discussion will hardly fail to draw
upon it the severe criticism of thinking readers.

In short, it is to philosophy what punch is to the
palate, full of incongruities ; and, although too
much diluted by redundant forms of expression,
till quite palatable, but not very nutritious.

Claiming at the outset to assume nothing, it ends
by assuming everything. Written to enunciate
what is evidently a pet theory of the author,
namely, that repulsion is equal in quantity to

attraction, and that the two are co-existent, and the
foundation of all material existence, it will convince
few ; while its speculations will, if we mistake not,

draw upon its author a storm of adverse criticism.

—

Scientific American.

Iron : Its History, Properties and Processes
of Manufacture. By William Fairbairn,

C. E., F. R. S., &c. &c. Third edition, revised
and enlarged. Edinburgh : Adam and Charles
Black, 1869. For sale by D. Van Nostrand, N. Y.
When Mr. Fairbairn gave the pofession a second

edition of his treatise on iron and steel manufacture,
he predicted that great changes would, at no great
distance of time, occur in that department of in-

dustrial art, and which would result in the produc-
tion of a superior article. These changes have, to

a great extent, occurred, and have necessitated

another edition of Mr. Fairbairn's most useful work,
which now lies before us. The verification of this

prediction has been chiefly accomplished by the ex-
tension of the Bessemer process, and the gradual
introduction of the homogeneous system into the
manufacture of metals. Mr. Fairbairn describes all

the new improvements, including the Heaton pro-
cess, which, by the introduction of the crude nitrate

of soda, results in the production of "steel iron"
from any kind of pig iron. This method of manu-
facture is described in a chapter which embodies
the improvements in the manufacture of iron and
steel from 186-i down to the present time. The
work is fully illustrated, and contains some valuable

information upon the properties of the materials of
which it treats.

—

Mechanic's Magazine.

Examples of Modern Steam, Air and Gas
Engines. By John Bourne, C. E. London:

Longmans, Green, Reader and Dyer, Paternoster-

row. For sale by D. Van Nostrand.

We have now got half way through Mr. Bourne's
work on modern engines, Parts XI and XII being
now to hand. In these, as in those which have pre-

ceded them, there is no lack of interest. After
pointing out the probable course of improvement in

locomotives, the author gives a condensed account
or recapitulation of the principal classes of improve-
ments in the steam engine, which have been pro-
pounded at various times in its history. These are

arranged chronologically, dates and the numbers of
patents—where patents have been obtained—being

given. Thus, independently of the practical obser-

vations of the author, we have a very complete index
of the subject, which, of itself, will prove of great

value to many designers and improvers of steam
engines. A large folding plate of Captain Ericsson's

original " Monitor," showing the screw and turret

machinery, accompanies Part XI, whilst Part XII
has two plates, giving the details of surface -con-

densing engines, by Messrs. Richardson.

—

Mechan-
ic's Magazine.

TPhe Industries of Scotland. By David Brem-
JL ner. Edinburgh : Adam and Charles Black,

1869.

During the last year, a series of very interesting

articles upon the industries of Scotland appeared in

the weekly issue of the " Scotsman." These arti-

cles were fair and accurate accounts of the various
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branches of trade, and we are now glad to see them
collected together and reproduced in a more perma-
nent form The volume in question is a history of

the rise, progress, and present condition of the Scot-

tish industries, especially of those which, by their

extent or peculiarity, merit notice. Mr. Bremner
judiciously confines himself to a plain narrative of

facts, which have been carefully selected, and are

interspersed with here and there a few general

reflections. Iron works, coal mines, shipbuilding

establishments, railway works, linen and cotton

works, fishenes, &c, present themselves in turn.

—

Mechanic's Magazine.

A Treatise on the Teeth of "Wheels; demon-
strating the best forms which can be given to

them for purposes of Machinery, such as Mill-work

and Clock-work; translated from the French of M.
Camus, by John Isaac Hawkins. Third edition.

Philadelphia : Henry Carey Baird, 406 Walnut
street. Price $3.

The " rule of thumb " has always very extensive-

ly governed the construction of toothed gearing,

and the consequence is that perfect gearing is very

rare in machinery. It is astonishing when we con-

sider the immense saving in friction, wear and cost

of repairs, and the greater regularity of operation

obtained by the use of gears with properly con-

structed teeth, that more attention has not been

paid to the subject. This little book explains, in

such manner as to be intelligible to those who are

in the least acquainted with mathematical science,

the proper form of the teeth of wheels, and the art

of finding the number of teeth which ought to be

given to wheels and pinions. It goes very fully

into the subject, and is illustrated by eighteen

plates of diagrams.

—

American Artizan.

Report of a Special Committee on the Merits
of a Proposed Method of Supplying Pure

Air to Schools, Churches, Hospitals, Asylums,
Dwellings, and all Occupied Houses ; also
Railroad Cars and Passenger Vessels. Pre-

sented at the Regular Meeting of the New York
Association for the Advancement of Science and
Art, at Cooper Institute, and unanimously adopted,

March 8th, 1809.

The pamphlet of which we have just given the

title is a singular document—singular for its gram-
mar, and perhaps still more singular from its strange

mis-statements of scientific facts.

The " Manufacturer and Builder " thus com-
mences a criticism of some length, and we think it

makes out a rather embarrassing case for the unani-

mous New York Association for the Advancement
of Science and Art.

General Problems in the Linear Perspective
of Form, Shadow and Reflection : or the

Scenographic Projections of Descriptive Ge-
ometry. By S. Edward Warren, C. E., Pro-

fessor of Descriptive Geometry, etc., in Rensselaer

Polytechnic Institute. New York : John "Wiley &
Son, 2 Clinton Hall, Astor Place.

Professor Warren is widely and favorably known
as the author of several valuable works on drawing.

The present volume ample sustains his previous
reputation and must prove not only a most efficient

text-book in our industrial schools, but a valuable
aid to architects, engineers, and all who have occa-
sion to make accurate drawings.

—

Manufacturer and
guilder.

The Millers', Millwrights' and Engineers'
Guide. By Henry Pallett. Illustrated.

Henry Carey Baird, Publisher, Philadelphia. Price
$3 post-free.

This book should be in the hands of every miller.
The subject is treated in a plain, familiar manner,
free from all unnecessary technical words, and in-

telligible to those of the most limited education,
the general information afforded being almost inval-
uable to those who have not had an opportunity of
judging the best way of milling. The transparent
model attached to the work showing the action of
the furrows cutting wheat and the operation of tho
millstones is, of itself, worth the price of the book.
It is, perhaps, as full and complete a work on mill-
ing as has ever been published, and ought to be
read by all engaged in the business.

—

Milling
Journal.

A Practical Course of Military Surveying
;

INCLUDING THE PRINCIPLES OF TOPOGRAPHICAL
Drawing. By Capt. Lendy, F. G. S., etc. With
an Atlas, mostly by Maj. Petley. New Edition.
London : Atchley &. Co. 1869. For sale by Van
Nostrand.

That this able work has reached a second edition
is a practical and well-merited testimony in its

favor. The author is director of the Practical
Military College at Sunbury; and Major Petley is

Professor of Military Surveying at the Royal Mili-

tary College, Sandhurst. This edition contains
many additional plates, etc. The practical part of
the work has not been altered, and remains quite

elementary, though deemed sufficient for all field

purposes. A brief sketch of the operations neces-
sary for a trigonometrical survey has been added.

—

Builder.

Physical Survey of Virginia; her Geograph-
ical Position ; its Commercial Advantages

and National Importance. Preliminary Report
by M. F. Maury, LL. D., etc., Professor of Physics,
Virginia Military Institute, Lexington, Va. Second
edition. New York : D. Van Nostrand, publisher,

23 Murray street and 27 "Warren street.

This work, besides pointing out the advantages
which arise from the geographical position of the
magnificent State of Virginia, and which are illus-

trated by large maps, contains very valuable infor-

mation as to its climate, soil, and productions, its

mineral resources, water-power, and manufacturing
facilities, and gives valuable suggestions as to how
its industry may be stimulated, its enterprise en-
couraged, the material prosperity of its people ad-
vanced, and its general welfare piomoted.

—

Ameri-
can Artizan.

The Parks, Promenades, and Gardens of
Paris, Described and Considered in Re-

lation to the Wants of Our own Cities and of
Public and Private Gardens. By W. Robin-
son, F.L.S. London: John Murray.

This is a comprehensive and elegant work, pro-

fusely illustrated, and of undoubted value to public

and private decorators of parks and gardens.

Polar Magnetism : A Paper read before the
American Institute on the Cause of Polar

Magnetism, the Attraction of the Needle to
the Pole, the Variations of the Compass, and
the Phenomena Incident to the Same. By
John A. Parker. New York : Wiley & Son.
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VJ econd Lecture on Polar Magnetism : Its

O Astronomical Origin; Its Period of Revo-
lution AND THE StNODICAL PERIOD OF THE EARTH
Identical. Read before the American Geo-
graphical and Statistical Society. By John
A. Parker. New York : Wiley & Son.

These two pamphlets, instead of being a contri-

bution to the stock of public knowledge, are sim-

ply an exhibition of the ignorance of the author

concerning a subject which appears to have occupied

his attention since he published a book of similar

calibre, on the quadrature of the circle, some
eighteen years ago. This says the reviewer, in the

"American Journal of Mining," and he certainly

makes out his case, in an article of some length and
a good deal of breadth.

I^he Resources of Missouri, and the Natural
. Adaptation of St. Louis to Iron Manu-

facturers. By Sylvester Waterhouse, of

"Washington University.

This pamphlet, which was published originally in

1867. has recently been enlarged by an appendix
on the adaptation of St. Louis to iron manufactures.
It contains much that is interesting. The experi-

ment in manufacturing iron at Carondelet affords

the data for Professor Waterhouse's conclusions.

In the first place, the quality of the pig iron made
there is pronounced good by a number of presidents

of companies engaged in manufacturing articles of

hardware. As to the cost of manufacturing, the

pamphlet goes into elaborate statistics and makes
out a good case.

Kemlo's Watch-repairer's Hand-book ; being
a Complete Guide to the Young Beginner

in Taking Apart, Putting Together, and Thor-
oughly Cleaning the English Lever and other
Foreign Watches, and all American Watches.
By F. Kemlo, Practical Watchmaker ; with Illus-

trations. Boston : A. Williams & Co., 100 Wash-
ington street.

This little book should be owned and studied by
every young watchmaker and watch-repairer ; and

it is of value to every owner of a watch, teaching

him how to take care of his bosom friend.

—

Ameri-
can Artizan.
To which we may add that the little work is

elegantly got up and illustrated, being, in fact, an

art book as well as a text book.

FRENCH MEA8URE AND ENGLISH EQUIVALENTS.
By John Brook. Sheffield.

In a series of compact tables the English values

of French measure are arranged from, one to a thou-

sand millimeters, and from one to a hundred meters

;

the fractions of an inch progressing in sixteenths are

also reduced to French values. The little book will

be found useful to almost every engineer.

Roads, Railways, and Canals for India. By
T. Login, Esq., C. E., &c. London : E. & F.

N. Spon.
This is a double pamphlet, full of facts, calcula-

tions, and suggestions on this important matter,
and will no doubt prove of value to all immediate-
ly interested in the development of the economic
resources of India if not of America.

British Rainfall, 1868 : On the Distribution
of Rain over the British Isles during the

year 1868; with Remarks and Illustrations.

Compiled by G. J. Symons, F. M. S. London:
Stanhope, 1869. For sale by Van Nostrand, New
York.

MISCELLANEOUS.

Heat Necessary to Ignite Vapors.—W. R.
Hutton, of Glasgow, has recently determined

the degree of heat at which the vapors of a number
of liquids catch fire from a burning candle, when it

approached to the surface of the fluid at a distance
of l.oin. or 0.5in. The results of these experiments
are recorded in the subjoined table :

Sulphuric ether
Bisulphide of carbon
Petroleum benzine
Benzole from coal lar, 90 per ct.

Crude paraffin oil

Crude naphtha
Whisky
Wood naphtha
Crude paraffin oil

Crude naphtha
Dutch gin
Wood spirit

Illuminating naphtha
Wine spirit

Whisky, 15 overproof
Whisky, 11 overproof
Kerosene
Light oil from coal tar

Spirit from resin

Turpentine
Sherry wine
Port wine
Refined paraffin oil

Refined paraffin oil

Fusel oil

Oil from resin

Heavy tar oil

Inflaming Point in
Begs, of Fah.

Specific

weight.

Deg.
747

1 270
706
861
849
884
940

y 840
891
881
930
827
859
817
893
905
801
920
922
875
993

1.003
809
814
850
937
950

Beg.
Below 53
do 53
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do
do

87.8
89
90

96! 8
100
104
109
110
US
119
122
130

134
138.2
140

Above 212
do 212

Deg.

71
72
74
85
81
84.2
86
90
84.2
91
73
83
S4.2

110
109
105.8
119
130
J 30
123
127
129.2

Street Washing and Sweeping.—The follow-

ing practical remarks were made by Mr. J. K.
Fisher before a recent meeting of the Polytechnic
Association of the Ameiican Institute :

" The superiority of washing streets may be seen

by those who observe the following facts :—1st,

Fully a third of the dirt is left on the pavement by
the machine and hand-brooms in Broadway. 2d,

A strong shower washes the pavement clean, except-

ing where there are holes, in which water remains
and sediment falls. 3d, In wet weather the streets

are not swept, but mud accumulates for days and
weeks; and the mud holds water like a sponge, and
keeps the streets wet for days after the sidewalks

would be dry, were the mud not tracked upon
them. 4th, The best time to wash a street is while

it is wet; the washing engine would then use less

water. 5th, As soon as rain is over, the washing
engines would do their work, and blow the dirty

water out of the holes, and leave the pavement
nearly dry, so that in half an hour it would be
completely dry; thus saving the muddiness, which
now lasts from two to six days before the contractor



764 VAN NOSTRAND'S ENGINEERING MAGAZINE.

sweeps. Cth, The cost of washing by hose-jet in

Sheffield was less than half the cost of sweeping

and cartage; proper washing engines would further

reduce the cost. The washing would make less

dust than sweeping.
" Considering the mud avoided, and the little if

any dust, the washing system would give more than

double cleanliness, probably at half the cost of the

present inefficient system. The washing engines

would be efficient fire engines), and would always be

ready to leave their street work instantly when fires

occur; their cost would therefore be little beyond
what is now incurred for engines and men, who do
but few hours' work in a year.

" Floating fire-engines could dredge the docks

by jet, while the tide runs outward, and thus clear

the docks from the street dirt, and at the same
time serve as fire engines better than if kept inac-

tive, without steam up and their fires strong.
" Some of our sewer engineers say that the sewer

gullies are not made to pass street dirt, but to catch

it; and that, therefore, alterations would be required

to make this proposed system practicable. Others

say that much of the street dirt does go through

the sewers. I am convinced, by evidence published

in England, that the system is practicable with the

present gullies, and that the gully traps are needed

to catch the gravel that is often found in streets,

and that might do harm in the sewers. Mr. Mc-
Elroy's paper is good professional evidence against

the hasty surmises of engineers who have not

studied the subject."

Dates—Amendment in the British Constitu-
tion Needed.—According to English news-

papers, technical, commercial and literary, no event

ever took place on the 20th of July, or the 11th of

December, or at any other period absolutely defined

in the statement of fact. " Messrs. Samuda launched
the ironclad Vengeance on Thursday;" "Mr. Scott
Russell yesterday lectured the Royal Institution;"
" the John Bull won the ocean race, by arriving on
Friday;" " a total eclipse of the sun will take place

on Wednesday." In rare instances we are favored

with a hint in the shape of " next " or " last," but
not by polite writers. The man who hopes to be a

F. R. S. would utterly ruin his chances by writing
" Wednesday last;" and there is not an engineer's

apprentice in Great George street who dares write
'* Thursday July 1st," in an article intended for

publication.

Nicholas Woods, the wonderfully versatile and
remarkably accurate reporter for the " Times," who
does with equal elegance an armor test at Shoebury-
ness one day and a marriage at St. George's, Hanover
Square, the next; a hanging at Old Bailey in the

morning and the trial of a surface condenser at the

Isle of Dogs in the afternoon—Woods is a prece-

dent and a pillar in the British Constitution. Woods
says in the "Times" that a thing happened "on
Thursday," and even Colburn does'nt quite like to

add " July 1st," for, independent as he may be in

his professional convictions and expressions, an un-

Woodsy style of reporting a fact would be as inex-

cusable a violation of British precedent as traveling

in cars that were not locked, or crossing the chan-
nel with the decency and comfort of Long Island

Sound navigation.

Seriously, this almost universal omission of dates
in the English papers is as unnecessary as it is in-

convenient. One has to find the date of the paper

and compute the time, unless, as is often the case in
newspaper offices, one happens to be reading a slip

without date; but when a technical weekly or
monthly copies verbatim from a daily about the
trial that was completed "yesterday," or the ship
that was launched on " Thursday," this affectation

of the cockney-daily style becomes ludicrous as

well as embarrassing.

Subjects of British Letters Patent for 1868.
Mr. George Shaw has drawn up a condensed

analytical list of letters patent for inventions granted
and provisional protections applied for during the
year 1868. From this summary of inventive effort

we subjoin an indication of the progress discernible

in materials and appliances connected with building
trades. In all, there were 3,991 applications. Of
this large number 11 related to improvements or
inventions connected with sewers, drains and cess-

pools; 13 with making and sweeping roads; 38 ap-
pertained to wheels for railway and other carriages;

4 to docks, breakwaters, and submerged works ; 84
to furnaces and consuming fuel; 116 to railways,

locomotives and railway carriages; 185 to steam
engines and steam boilers; 33 to artificial fuel,

matches and splints; 6 to baths; 4 to bells and
bell-hanging ; 2 to castors for furniture ; 32 belonged
to latches, hinges and springs for doors ; 5 to fend-
ers, fire-iron and fire-guards; 39 to nails, bolts,

screw-nuts, and rivets and machinery for manufac-
turing the same ; 21 related to the processes of saw-
ing, planing, boring, etc., stone and slate; 54 to

sawing, planing and turning metals, wood, etc. ; 79
to telegraphs, signals and intercommunication in

railway trains; 4 to surveying instruments; 14 to

drawing, painting, and exhibiting pictures and pho-
tographs; 31 to windows, sashes, shutters, doors
and fencing; 3 to floors and flooring machinery; 52
to tunnels, bridges, arches and portable and other
buildings; 21 to lime, brick, and other kilns and
coke ovens; 10 to artificial stone, plaster and
cements; 30 to bricks, tiles and clay-pipes; 13 to

glass manufacture; 19 to blinds, curtains and
shades; 43 to stoves, grates, fire-places, kitchen
ranges and culinary apparatus ; 30 to warming and
ventilating buildings; 11 togas-burners; 33 togas
and water meters and regulators; 43 to cocks, taps

and valves; 31 concerning pipes and tubes for

steam, water and gas, and joints for the same; 21

related to water-closets and urinals; 16 to hydrau-
lic machinery for raising and distributing water;

5 treated of the preservation and preparation of

timber; and 2 apportioned to coffins, hearses, and
preservation of the dead. Satisfactory as this

amount of activity thus indicated may be, it appears
trilling to that fermenting in men's brains on the

other side of the Atlantic.

—

Builder.

The Guibal Fan.—A large fan, on the Guibal
principal (see Van Nostrand's Magazine, No. 1,

I page 43), was recently started at the Byers Green
Colliery, and did good work. It was run up to 60

J

revolutions per minute, and at this speed produced

I

68,000 cubic feet of air per minute, with a water

(gauge of 3.10 in. The quantity of air previously

]

got by the furnace was 11,000 cubic feet below the

quantity produced by the fan, or 57,000 cubic feet.

The fan has not yet been worked up to its maximum
power, as it is guaranteed by the maker to work up
to seventy revolutions per minute. The makers are

Messrs. Black, Hawthorn & Co.. of Gateshead.
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Long Span Bridges.—Prof. De Volson Wood has furnished the following interesting summary to the
'"' Journal of the Franklin Institute :"

Table of Bridges Having Long Spans.—Trussed Bridges.

Name of Bridge.
Total

length

in feet.

No. of

spans.

Longest
span.

Remarks.

365
880

5,280

2

5

29

1

4
2

1

25
1

6

1

193
200

200

240±

250
306
321

340£
370
390

397]

515

900

Weisbach Mech. vol. II, p. 283.
Wooden arch trussed. Haupt on Bridge

Construction, p. 242.

Burr's; destroyed during rebel invasion,

1863. Mahan, p. 240.

Longest span of Wai-ren's Girder. Jour.
Frank. Inst., vol. 26, 3d series, p. 156.

Mahan, Civ. Eng., p. 238.

Queen Past—Theory of Bridges—Weak.
Jour. Frank. Inst., vol. 39, 3d ser. p. 230.

Mahan, p. 237.

Fink's Truss—Report of Committee.
Erected in 1778. Longest span of wooden

truss on record. Weisbach Mech. vol.

II, p. 83.

250
606
3741

Louisville Bridge, over Ohio river, 5,201
390

2,383±

3d series, p. 230.

Longest span trussed bridge. Official

report, 1866.

Proposed wooden structure. Weis. Mech.
vol. II, p. 84.

Derry, designed by Claus (never

Tubular Bridges.

Name of Bridge.
Total
length

in feet.

No. of

spans.

Longest
span.

Remarks.

1

4

25

400
460

330

Civ. Eng. Jour., 1848.

1,513

10,284

Tubular bridges by Dempsey. Traite de
la Construction des Ponts Metalliques,

pi. X.
Hunt's Merch. Mag., vol. XXXI, p. 504;

24 spans are each 242 feet.

Victoria, at Montreal, Canada. . .

.

Arched Bridges.

Name of Bridge.
Total

length

in feet.

No. of

spans.

Longest
span.

Remarks.

Neuilly (over Seine)

,

•Teff, South Wales..,

*640

London Bridge
Rica, Ayr
Chester or Grosnover
Great Washington Aqueduct.
Southwark
Trizzo Adda

784

St. Louis Bridge
Proposed bridge over the Thames
by Telford

251

1,509

128
140

152
180
200
200
250
251

515

600

Mahan, p. 225.

Failed by rising of the crown. Wood-
buiy on the arch. p. 432.

Woodbury, p. 432—for railr'd purposes.

Jour. Frank. Inst., vol. 39, p. 231.

Mahan, p. 228.

Sc. Am. 1860, p. 86. Castiron,byRennie.

Smile's Lives, Eng., vol. II, p. 188.

Longest stone arch on record. Treatise

on Bridges, Weale, vol. I, p. 48.

Not yet built. The arch to be of steel.

Rep. by the Co., 1858.

To be made of iron. Weisbach,v. II, p.86.

* More than 640.
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Suspension Bridges.

Name of Bridge.

Niagara Carriage Bridge
Cornwall (proposed to be built

across tbe Hudson river, 42
miles above N. Y. City)....

Total

length

in feet.

2,409

No. of

spans.

Longest
span.

1,264

1,600

Remarks.

Sc. Am., vol. XX, p. 218. This bridge
is about a mile below Niagara Falls.

Jour. Frank. Inst., vol. LVII, p. 165.

Name of Bridge.
When
built.

Span. Remarks.

Douro, at Oporto
Menai, Eng
St. John's, N. B
Nashville, over Cumberland

Pesth, over Danube

Niagara Railroad Bridge
Fribourg, Switzerland

Lewiston (7 miles), below Niagara Falls .

.

Lexington and Danville Railroad Bridge . .

.

East River Bridge, N. T. City

1842
1825
1852
1850

1849

1854
1834

1856

1856

558
580
622
656

670

822
870

1,043

1,220

1,600

Sup. to Weale's Bridges, p. 144.

Chain cable. Marian's Civ. Eng., p. 255
Sc. Am., June 19th, 1862.

Destroyed by rebel Gen. Floyd, Feb
1862. Sc. Am. Mar. 30th, 1850.

Total length, 1250. Jour. Frank. Inst,

vol. XVII, 3d series, p. 300.

Jour. Frank. Inst.

Jour. Frank. Inst., vol. XXIII, 2d se-

ries, p. 141.

Sc. Am., June 1st, 1861. Blown down
Feb. 1864.

Jour. Frank. Inst., vol. XXXIX, 3d
series, p. 230.

Proposed. Jour. Frank. Inst., vol.

LXXXIV, p. 243.

Root's Pressure Blower.—This device is now,
by general consent, here and in England, one of

the best, if not the very best means of blowing
cupola furnaces. A pair of reciprocating pistons

afford, of course, a steady blast of any desired

pressure; but they are costly to construct, and the

piston packing and valves are subject to wear. No
fan blower can be depended upon to give the requi-

site pressure, viz : half a pound to a pound per

square inch—a pressure indespensable to continuous

melting, as in the Bessemer manufacture. Rota-
tory blowers with sliding pistons or rubbing sur-

faces of any kind, may indeed be kept tight if

constructed with sufficient cost, and carefully

cleaned and lubricated. The advantage of Root's

rotatory blower is that it has, strictly speaking, no
rubbing surfaces. The floats, or rotatory pistons,

are so shaped that the projections of the one exactly

fit into the hollows of the other, without the need
of sliding vanes. There is of course a very thin

space between the floats , through which a thin film

of air leaks back, but this loss is reduced to a mini-
mum by means of a stiff paint or plaster of black
lead and tallow, which is applied to the floats and
soon moulds itself to fill the spaces that would
otherwise promote excessive leakage. But, as in all

other machinery with which we are acquainted, the

best materials and workmanship pay best in the

long run. The shrinkage or the loosening of the

wood forming the floats, by reason of improper
seasoning or fastening, soon cause excessive friction

as well as leakage. Perfectly seasoned wood floats,

secured as well as they can be to steel shafts and
cut gearing, certainly answer well; this we know

from experience with not less than three of these

blowers, of the largest sizes. At the same time,

we think the extra cost of cast-iron floats, planed
or dressed by special tools and gauges to a perfect

fit, and revolved by several sets of wide-faced cut

gears, so as to avoid back lash and wear, would pay.

The power wasted in driving a noisy or leaky
blower, would cost more than the most accurate

construction.

Elastic Collodion Cement.—Ordinary collodion

is made by dissolving eight parts of gun-cotton

in one hundred and twenty-five parts of ether and
eight parts of alcohol. When used as a cement or

varnish it becomes very hard, cracks easily, and
peels off. It may be rendered elastic by the addi-

tion of four parts of Venetian turpentine and two
parts of castor-oil. When intended for surgical

purposes, as a varnish, which when dry forms a per-

fectly close-fitting plaster, it has been found that

the addition of some glycerine to the ordinary col-

lodion, in which it is dissolved to a small extent,

makes a varnish which adheres strongly to the skin,

does not crack, and, on account of its elasticity,

does not crease the skin.

Wire-Rope Transport.—The practical value of

the wire-rope transport system, invented by
Mr. C. Hodgson, C. E., (see V. N's. Mag. Vol. I,

p. 334,) is now being recognized by those engaged
in working mines. Sir G. S. Robinson has given

an order to the Wire Tramway Company to con-

struct one of their patent ways, for carrying iron

ore from his quarries to the Cransford Station.
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Artificial Stone.—Mr. Hodgsol, the proprietor

of four patents on artificial stone, exhibited his

process for manufacturing this stone at a late meet-

ing of the Polytechnic Association of the American
Institute. The stone consists of sand cemented
together by means of oxalate of lime . The inventor

takes two or three parts of sand to one of lime, or

rather lime slacked with a solution of oxalic acid.

The materials are carefully mixed and then pressed

in a mould, where they quickly set. The articles

are then transferred to a bath containing a solution

of oxalic acid, where in a short time they become
hard. Oxalic acid forms with lime a compound of

great insolubility. Indeed, the oxalate is the most

insoluble of all the salts of lime. A great deal has

been said about the superiority of the cements made
by the ancients. This is due partly to the influence

of time, and partly because the poor cements have

disappeared. When lime and sand are left in con-

tact for many years a chemical union takes place,

and a true silicate of lime is formed. Hydraulic

cement requires the presence of alumina. The
Rosendale cement contains carbonate of lime with

silica, alumina and magnesia. The French, in

making the Suez Canal, employ the mud of the

lakes, the sand of the desert and lime, which they

mix, bake in the sun and use for the construction

of piers, etc., without the application of any fire.

This stone is about equal in hardness to Cayenne

stone.

ELECTRO-MAGNETIC ENGINES ON BOARD SHIP.

Mr. John Tawse writes to " The Engineer " as

follows : Some years ago, when in India, I had a

boat on one of the salt lakes of the Coromandel

coast, and from experiments I then made I became
impressed with the idea that there is an immense
mechanical power lying dormant in the simple and

natural galvanic action of salt water on the sheath-

ing of vessels. Electro-magnetism has hitherto

failed as a motive power on the score of economy
only. The form of battery used is too expensive,

owing to the use of strong acids acting upon a com-
paratively small surface. Also in this case the

electric current is deficient in quantity for mechan-
ical purposes. What seemed to he wanted was a

very large area of metallic surface, acted upon by

an excitant strong enough to evolve a powerful cur-

rent, yet not sufficiently so to wear or corrode the

plates in a very perceptible degree. I have since

published the idea which this gave birth to in

several of our scientific journals. But as I have

now worked it out to completion, both by calcula-

tion and experiment, I detail it herein for the infor-

mation of your readers.

A vessel to be fitted with an electro-magnetic

engine attached to an ordinary shaft, is sheathed on
one side with copper, and on the other side with

zinc. The sheathing is laid on over sheets of gutta

percha in order to insulate it from the woodwork of

the vessel. The nails necessary for this purpose
are driven in such a manner that they are nowhere
in metallic contact with any part of the sheathing.

The two sections of copper and zinc sheathing thus

form a battery, acted upon and excited by salt

water alone. If any one acquainted with the sub-
ject will calculate the result of galvanic action on
so large a surface as the area of immersion of a

floating vessel, they will perceive that it is the right

application of it alone that is wanted to convert it

into a powerful mechanical force.

The vessel being so sheathed, a wire from each
section of course conducts the current to the electro-

magnetic engine. In my first experiments I had a
large magnet to work a keeper in connection with
a crank in the usual way. Since then I have
adopted a mode of multiplying the power enor-
mously. Thus the wires are connected with a
thick, small-sized electro-magnet in the first in-

stance. In front of its two poles an armature is

made to rotate with great velocity, and the aug-
mented current thus produced is carried to an
arrangement of two very large magnets working
reciprocally in such a way that the keeper, or soft

iron beam between them, which works the crank
axle of the screw, flows the current into each sepa-
rately at every stroke, charging it just before the
moment of contact. As regards the wear of the
plates, it would be no greater than in the case of
ordinary sheathing, with this advantage, that no
sea-weed or barnacles would adhere to sheathing in

constant galvanic activity; ordinary copper sheath-
ing would be quite free from them if the galvanic
circle were complete. In fitting the above engine
to a vessel the rotating armature working before
the first magnet would have to be driven by a small
steam engine.

On the Cost of Waterwheels in England.
Mr. Robert Sanders writes to the " Mining

Journal" as follows : After fifteen years' practical

experience in working all kinds of mining machinery
by watenvheels, I am prepared to assert that a wheel
10 ft. in diameter, 3 ft. breast, should not cost about
10/.; one of 24 ft. diameter, 4 ft. breast, 120/.; or
one of 40 ft. diameter, 3 ft, breast, 220/. I will

quote one instance just to show something about the
price of waterwheels. At the Carmarthen United
Lead Mines, in South Wales, I had two wheels
erected, one of 34 ft. diameter, 3 ft. breast, with
cast-iron axles, centers and shrouding; the arms,
soling and buckets were of yellow pine; there were
also the crank-pin and connecting-joint for sweep
rod. The other was 24 ft. diameter, 4 ft. breast,

with cast-iron axle centers and shrouding; the

arms, soling and buckets were of red, or pitch,

pine; also crank-pin, connecting-joint, etc. Both
of these wheels were made per contract. The cost

of each, including erecLion, was as follows : 34 ft.

diameter, 164/. 10s.; 24 ft. diameter 119/. 10s.

The latter, including wheel-pit, etc., when ready
to work, cost altogether 144/. The former had no
wheel-pit, but worked on a frame, like a grindstone,

made of American pine log, and the whole expense
when ready to work did not exceed 230/.

How to Test the Lubricating Power of Oil.

It is a matter of importance to the mechanic
to be able to say what amount of friction a particu-

lar oil can overcome as compared with another oil.

This is done by an apparatus called an " oil-tester,"

of which a new form, devised by Mr. T. R. Shaw,
is thus described : On a vertical shaft fitted in bear-

ings is fixed a disc, on the upper surface of which
rests a circular or partly circular block, the two sur-

faces in contact being preferably finished as true

plans. The lower disc is caused to revolve rapidly

by suitable means, the continued rotation of the

block being prevented by a cord, one end of which

is attached to the side of the block, the other end
being attached to a spring balance, or to a weighted

and gradual lever. The block is kept in position
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on the revolving disc by means of anti-friction

bowls, which are so applied as not to interfere with

the rotation of the block. A thermometer is fixed

in the center of the block. A small portion of the

lubricant to be tested is applied to the disc, the

metal block is placed in position, and the lower disc

is caused to revolve until a certain temperature

which has been fixed upon as suitable for all seasons,

as for example 70° Fahr., is indicated by the ther-

mometer, when the test of the oil is commenced by
noting the frictional resistance indicated on the

scale of the spring balance, readings being taken

from the scale at intervals during the continuance

of the experiment.

—

Scientific Opinion.

The Velocipede as a Mechanical Agent.—The
practical value of the velocipede as a means of

locomotion has been thoroughly discussed in a well-

considered paper by Mr. Lauder, C.E., read before

the Liverpool Polytechnic Society. As advantages

and disadvantages of bicycles, tricycles, etc., are

very equally balanced as compared with each other,

Mr. Lauder's conclusions may be considered to apply

equally to all kinds of velocipedes. The velocipede

possesses no advantage; that is to say, a man can,

with equal exertion, walk or run quite as far in a

day of eight hours as he can travel with a velocipede

in the same time. Mr. Lauder, beingavelocipedest

himself, has given the velocipede all the advantage

in the argument that was at all possible; yet he can

only show that, although for a journey of a few
minutes duration a speed of 24| miles per hour may
be obtained, no more than 30 miles in the day of

eight hours can be traversed. Mr. Lauder is of

opinion that, as a means of traveling, the velocipede

has very little chance of coming into use, although

as an instrument of healthful exercise it is worthy
of consideration.

—

Builder.

Speed in Travel.—In a single second a snail

travels one five- thousandth of a foot; a fly five

feet; a pedestrian, at ordinary gait, five and three-

tenths feet; a camel six feet; an ordinary breeze

ten feet; a rapid running stream twelve feet; a

trotting horse twelve feet; a whale twelve and
three-tenths feet; a fast-sailing ship fourteen feet;

a reindeer, with sledge, twenty-five feet; a locomo-
tive engine twenty-nine feet; a skater thirty-six

feet; a race-horse forty-one feet; a tempest fifty

feet; a swiftly thrown stone fifty feet; an eagle

ninety-five feet; a carrier-pigeon four hundred and
eleven feet; a rifle ball one thousand five hundred
and ninety-five feet; a twenty-five pound cannon
ball two thousand two hundred and ninety-nine feet;

a point of the earth on the equator two thousand
four hundred and fifty-one feet; the center of the

earth around the sun four miles; a ray of light one

hundred and ninety-five thousand miles.

Atmospheric Signal for Ships.—Messrs. Mac-
Iver and Co. have introduced Messrs. "Wier and

Co.'s atmospheric telegraph signals into the Scotia

and other large steamers of their fleet. The appa-
ratus may be briefly described as consisting prima-
rily of a small air-chamber to which air has perfect

access. In this chamber an elastic disc is placed
which, acted on by a lever, compresses the air in

the chamber and propels it through a metallic tube
of small diameter to any part of the ship with
which it is considered desirable to communicate.
The air so propelled rings a signal bell in the first

instance to secure attention to the signal trans-

mitted; the action of the transmitted air at the
same moment that it strikes the bell lifts a small

and delicate opaque shutter, revealing under it the

word or words of the intended order. "The chief

point where directions must be given is the locality

in which the commander of the vessel is placed,

such as the bridge in the case of an ocean-going
steamer. Here the handle of the instrument is

placed, the whole revolving on a pivot, so that the
handle is pressed down to the point which will

indicate at a distance the command issued. This
is guided in the mode of working by a dial inscribed

with the words intended to be communicated.

Proposed Canal Between the Bat of Biscay
and the Mediterranean.—The project of

establishing through the Valley of the Garonne
(France) a canal for large navigation has often been
mooted; but there is now a new plan for this under-
taking, undei the auspices of M. Staal de Magnan-
court. The proposed canal will admit not only
merchant ships of the heaviest tonnage, but also

men-of-war and transatlantic steamers. A port is

to be established in the Gironde, just below Bor-
deaux, and another on the Mediterranean. The
cost of the scheme is estimated at 442,000,000f.,

and the cutting of the canal would occupy six years.

The plan, if carried out, will materially shorten the
navigable communication between England, the
north of Europe, and India, for it will in fact be a
continuation of the canal of Suez

.

The Fast Voyage of the Scotia.—The Cunard
mail paddle-steamer Scotia still continues to

maintain her supi*emacy on the Atlantic. Her last

passage from New York to Liverpool was one of

the shortest on record, she having made the run to

the Mersey, including detention at Queenstown, but
allowing 4 hours 40 minutes for difference of time,

in 9 days and 19 minutes. She had S. S. W;
wind on the day of sailing and afterwards moderate
easterly breezes throughout. On the 13th she had
logged 254 miles, 14th 326. 15th 330, 16th 322,

17th 31, 18th 641, 19th 340, 20th 320, 21st, to

noon, 339, being an average speed of nearly 14
knots an hour. The engines of the Scotia are of

great power, and with moderate winds she leaves

all competitors far in the distance. The Inman
screw steamer City of Paris and the Cunard screw

steamer Russia are the only two ships which at all

approach her in point of speed.

—

Egineering.

Iron Ship Building in New York.—An estimate

was recently obtained by a New York shipping

firm, for the building of a first-class iron sailing

vessel in this country, but it now appears that the

vessel is to be built in New York, more favorable

terms having been obtained there, and that only the

wire rigging, anchors and chain cables, are to be
supplied from England. This, we understand, will

be the first American built iron sailing vessel to

cross the Atlantic.

—

Mechanics' Magazine.

New Fairbairn Engines.—The Fairbairn En-
gineering Company have now in hand, and will

be shortly ready to exhibit, a set of 60-horse

engines, constructed upon an entirely new princi-

ple, which, besides possessing other important ad-

vantages, will consume probably less than half the

quantity of coals required by the best steam en-

gines at present in use.

—

British Enthusiast.



VAN NOSTEAND'S
ECLECTIC

ENGINEERING MAGAZINE.

NO. IX -SEPTEMBER, 1869—Yol I.
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A paper read before the Civil and Mechanical En-
gineers' Society, by Mr. B. Haughton, C. E., on
"The paying and non-paying weights pulled by
the locomotive engine in 1867."

The railway statistics published by the

Board of Trade, annually, as far as they go,

are of vast importance in determining the

quantity and cost of the useful work done

by the locomotive. In a country such as

the United Kingdom, possessing 14,247

miles of railway (or 22,091 miles of single

line), which has been made at a cost of

£502,263,000, equal to £35,253 per mile

(or £22,736 per mile of single line) ; in

which the receipts from railway traffic are

£39,480,000 per annum, or £119,636 per

day (in all such calculations I assume that

the year contains 330 working days) ; in

which 287,688,000 railway trips (not inclu-

ding those of season-ticket holders) are

made in the year, equal to 871,781 trips

each day, each trip 12| miles in length ; in

which 148,253,800 tons of goods, minerals,

etc., are carried per annum, equal to 449,-

250 tons each day, each ton pulled over say

25 miles ; in which 6,328,490 trains are

started per annum, equal to 19,177 trains

each day ; in which the locomotive travels

148,542,827 miles per annum, or 450,129

miles each day ; which has been the cradle

of the railway, and in which it and its com-

plement, the locomotive, were first invent-

ed, constructed, and brought into operation

—

in such a country the question of the ad-

ministration and conduct of the railways

must be a paramount one ; and we cannot,

as its people, be said to have done justice to

this magnificent piece of mechanism until

Vol. I.—No. 9.—51.

we shall have so investigated its economy,
and the science of its action and effort, as

to place beyond dispute the laws of its

existence.

It is particularly desirable that such
should be studied at the present day ; there

is, just now, a lull in the railway atmos-

phere ; railway construction, incessant for

the last 40 years, has at length ceased ; the

engineer is idle, the| capitalist, without

whose co-operation he dare not lift his hand,

stands aloof; the public look on and suffer

from the estrangement, and their occupation

in this department of their manifold labors

being gone (for the construction of 552 miles

of single line per annum since 1827, with

its attendant expenditure of £12,500,000
yearly, must have been to them a source of

much and very profitable business) ; they

began during their enforced leisure to ex-

amine and criticize the natural history of

the giant that they have created, with the

view to bending him to a more tractable

and economic servitude ; and, in truth, most
wildly and inconsiderately have they ap-

proached the investigation. We cannot al-

together blame them for having placed

themselves so far under the guidance of doc-

trinaires. He who, by virtue of his office,

ought to have been their guide in their at-

tempt to solve the various questions at issue

has not come forward to assist them with

his counsel, and out of his practical and
special knowledge of the situation. The
engineer, which an immense material de-

velopement in the current century has pro-

duced, has been so entirely absorbed in, and
devoted to, the physical side of the railway

question, that he really has not had time to
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consider its moral aspect. As soon as be

shall have done so, and explained the condi-

tion of affairs, we may reasonably expect

that the aforesaid public will become con-

tented with " things as they are," as the

intelligent British public always is, when
light is given to it, and when it is made
aware by the logic of facts that " things

cannot be otherwise."

I hardly ever remember to have seen the

truth so persistently distorted as of late, by
certain pamphleteers, magazine writers, and

ambulatory orators, in regard to this ques-

tion. In one case a most elaborate literary

picture has been drawn, in an article styled
" The Great Railway Monopoly," the object

of which appears to be to induce the Gov-
ernment to undertake the management of

the railways of the United Kingdom ; to

confer upon the traveling public the benefit

of low fares; and to prove indirectly the

total incapacity of those who have the con-

trol and direction of the railway menage of

the country. The article is remarkable for

the display of much research, and, in short,

conveys the idea that it comes from the hand
of an accomplished and fluent compiler. It,

however, reminds the engineer of a grand
and boldly designed arch of masonry under
construction ; it is perfect as to the material

selected, its foundations are on a rock, its

abutments, its counterforts and haunches
are undeniable, but it fails to support itself

on the withdrawal of the centering, because

of the omission of one simple, though in-

dispensable feature—the key—which, in the

case of this slap-dash article, must be sup-

plied by the engineer, and the absence of

which stamps the writer as being a literary

conjurer rather than a practical man. With
such instructors as these alluded to, and the

magicians of the Belgian State lines, it is

not to be wondered that the English public

are disturbed as to the condition of their

railways. It is not surprising that, at the

first blush, they should believe themselves

to be the victims of a selfish association of

monopolists, and that this immense property

is tended and controlled by an executive of

quacks, who are guided by the leading idea

that high fares alone will generate income
;

never was a more unfounded belief fostered.

The railways of the United Kingdom, at

the present day, are conducted by an ac-

complished, scientific, and highly skilled

body of experts, who know their business,

do it, and don't talk about it, and who,
moreover, take out of the locomotive all

they can, and present it freely and exuber-
antly to those whom it is their interest, as

well as their pleasure to accommodate—the

traveling community ; as shall presently be
shown, this is, as the " Times " has lately

stated, " the best served traveling commun-
ity in the world," though I cannot endorse

the final phrase in the sentence, that it is

" the most ungrateful," because ingratitude

is a vice of the weak and the unintelligent,

and I cannot admit that my countrymen be-

long either to the one or the other class, but
the rather that, having been made aware of

the actual condition of affairs, they will ac-

cept it as being, on the whole, the best pos-

sible, considering all the circumstances of

the case, and will unite with those who are

only too well pleased to be assisted by them
in concerting means for the elimination of

such minor defects of the railway system as

exist, and which are only those that belong

to every human institution, but which,

nevertheless, we must combat unceasingly,

so as to attain as much perfection as our

knowledge of the science involved will ad-

mit.

To begin, accordingly, the work done by
the locomotive in 1867, the last year for

which the Board of Trade returns have
been published, was, viz :

3,924,624 passenger trains pulled 19.08 miles each.

Tons. Per cent.

Paying weight 27.472,368 4.89

Non-paying weight 533,748,864 95.11

561,221,232 100.00

2,403,866 goods trains pulled 30.64 miles each.

Tons. Per cent.

Paying weight 146,635,826 30.34

Non-paying weight.... 336,541,240 69.66

483,177,066 100.00

6,328,490 total number of trains pulled 23.47 miles

each.

Tons. Per cent.

Paying weight 174,108.194 16.67

Non-paying weight 870,290,104 83.33

1,044,398,298 100.00

Horizontal mile tons.

Passenger trains 10,708,101,106

Goods trains 14,804,545,302

25,512,646,408

This work was done by 8,619 locomotives,

showing work done by each, per annum,

2,960,047 horizontal mile tons ; work done
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by each, per day, 8,969 horizontal mile tons,

equivalent to 882 tons pulled 28.47 miles

per day, and further, 17,234 miles run by
each engine per annum.

Taking the 23.47 miles, the actual aver-

age distance run by each train per day, as

consisting of an ascending gradient of 1 in

800 for half the distance, or 11.735 miles,

and a descending gradient for the remaining
half; and assuming 26 miles per hour to be

the average speed of each train, equivalent

to an exercise of horse-power, as under

:

Train mileage of Board
of Trade Returns.

148,542,827 .

3,924,624 + 2,403,866

Total train tons.

1,044,398,298

3,924,624 + 2,403,866
"

Average inclination, 1 in 300 up for 11.735 miles;

and 1 in 300 down from the same distance.

Average speed, 26 miles per hour.

From these data are obtained the results:

26 X 5,280

23.47 miles run by each
train per day.

165.03 tons' weight of

each train.

60
2,288 ft. run by train in 1 minute.

9 9gg"'" = 7.626 ft. lift of train in 1 minute.
300
165 X 2,240 X 7.626

33,000

165 X 9 X 2.5

33,000

+85.41+102.96:

—8541+102.96:

+188.37+17.55

;

= 85.41 horse-power due to

lifting the trains.

= 102.96 horse-power due to

friction, etc., at 9 lbs. per
ton.

=+ 188.37 horse-power required
in ascending the incline.

=+ 17.55 horse-power required
in descending the incline.

= 205.92 horse-power exercised
throughout the average run
of 2347 miles.

Trains. Trains per day.

6,328,490 _ 191
_
7

330 „' „ = 2.22 trains pulled per day
opiy by each engine.

Each train pulled 2347 miles, at 26 miles per
hour, gives 54.16 minutes occupied in the average
journey.

54.16 X 2.22 = commutes. = 2 hom.

g
60

205.92 horse-power X 8,619 engines= 1,774,824
total horse-power exercised for two hours each day
of 330 days per annum, in behalf of the traveling

public.

Considering that these engines may be
held on the average to be capable of exer-

cising 400 horse-power each without forcing;

the 206 horse-power actually made available

will perhaps be considered too small a per-

centage to take out of each engine, but it

will be understood that it is not possible to

render useful the maximum power of the

total number of engines in the country, for

these reasons : that a certain portion must
be held in reserve in case of ordinary acci-

dent to running engines; that another por-

tion will be engaged as bank engines, and
in shunting trains about the stations ; that

a large proportion of the whole will stand in

the sheds for cleaning, and in the shops to

undergo the repairs due to the daily wear
and tear of an exceedingly complicated

and perishable machine ; and that, over

and above all these requirements, an ulti-

mate reserve will be necessary in order

to make sure that a provision shall exist

against all eventualities, and that in no pos-

sible case shall the company fail to perform
their duties to the public punctually, as ad-

vertised in the time bills. These results

cannot be taken as illustrating the work to

be gotten from individual engines, but only

as being useful in comparing the total work
of one year with that of another in the same
country ; in comparing the work done in one

country with that in another ; and, above
all, and eminently, in showing a people how
much they take from their machinery in

gross, with the object of exhibiting the

weaknesses of the system, so as to effect

such reforms as shall lead to improvements
in organization and administration therefor.

In reviewing the foregoing figures, I shall

ask your attention to two salient matters

therein exhibited, the first of which is that

I have reduced the work done to horizontal

mile tons, and that I believe this to be the

only true mode by which a railway company
can accurately test the nature of its opera-

tions; and, secondly, to the extraordinary

preponderance of the figures indicating the

non-paying weight pulled as compared with

the paying weight, viz : Firstly, the usual

mode of estimating the work done, as prac-

ticed by boards of directors, is that by train

mileage. The train mileage of one half-

year, exceeds that of the corresponding half

in the previous year, and this is hailed as a

matter of congratulation from the chairman

to his proprietors ; or the increased income

per train mile of the half year has exceeded

that of the corresponding six months of the

former year by a certain percentage, which

is equally a cause of satisfaction to his

audience ; whereas, it is quite within the

range of possibility, and has no doubt hap-

pened before now, that each of these ap-

parently pleasing results of the half-year's

work has been nothing less than a captiva-

ting illusion ; for, in the first case given,

that of an increase of train mileage, the
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latter may have increased without bringing

an increase of revenue, and may have

brought with it a positive loss ; and, in the

second case, that of an increased income per

train mile, the same may have arisen in

consequence of a reduction of mileage, and

may have existed co-incident with a falling

off of revenue. The train mile is not a

measure of the useful work done, because

the weight of the train is not told
;
given

the weight of the train, however, subdivided

into its paying and non-paying weights, and

a basis of calculation is afforded, which places

the work done beyond cavil.

In order to attain this object, it will be

necessary that the paying and non-paying

weights of each train started shall be regis-

tered, as well as the distance traveled by
each vehicle. This, though causing some
extra office work, will amply pay for itself

in the long run. I have endeavored to re-

duce the work done, as given in the Board
of Trade statistical tables, to the horizontal

mile ton by rating the weights of the aver-

age trains of the year as follows. It will

be observed that some of the items in the

tables are assumed. I have determined

their value as best I could, from the most
reliable sources I have been able to consult

;

the remaining items are taken from the

Board of Trade returns, viz :

"Weight of the average passenger train in 1867

—

Non-paying load.

Engine and tender 50 tons.

Seven carriages 56 "

Two breaks 10 "

116 tons.

Empty carnages, etc., to be pulled
back, say £tk of above 20 "

Paying load.

73 passengers, with luggage, etc., at

2 cwt. eack 7 "

Total 143 tons.

I have chosen seven as a fair average
figure for the carriages to each train. This

number of composite carriages should con-

tain, if full, 196 persons, narrow gauge

;

and in corroboration of this rating, I may
quote Mr. Robert Stephenson, who, in his

address to the Institute of Civil Engineers,

in 1866, rated the then trains as capable of

holding on the average 200, while not actu-

ally carrying over 100 passengers. It ap-

pears, from the Board of Trade returns,

that the number of passengers has decreased
since then, doubtless owing to competition,
and the wish to render traveling more at-

tractive by the running of an increased
number of trains, since only 73^ passengers
were carried per train in 1867 ; or it may
have been more directly due to the practice

of sending through carriages to all the prin-

cipal stations with the more important trains,

thus saving their occupants the necessity of

changing from one carriage to another en
route. The empty carriages to be pulled

back with their attendant portion of the

weight of the engine, consequent on the

irregularity of flow of the streams of traffic

in opposite directions, is a fact that cannot

be evaded, I have rated it at one-sixth the

non-paying weight.

Some persons may take exception to the

rating of the assumed items, but, even
should they be found strained or faulty,

which I have taken all pains to prevent, the

amount of their error, however largely it

may be estimated, cannot materially affect

the issues.

Weight of the average goods train was, in

1867—
Non-paying load, viz :

Engine and tender 50 tons.

Two breaks 8 "

Six goods trucks at 3^ tons
each, to carry 3 tons 21 "

Six mineral trucks at 3^ tons

each, to carry 7 tons each. . 21 "

100 tons.

Of the above, to be sent back
as empties, two goods trucks

six mineral trucks 28 tons.

One -fourth engine and tender,

with empties 12

Paying load.

Goods 19 tons.

Minerals 41 "

Six and a-half head live stock 1 "

Total

40

61

201

In this table the detail of the item 61
tons is taken from the Board of Trade re-

turns ; the other items are assumptive (un-

der certain restrictions, which will be ap-

parent), still not to be omitted. These two
tables give the average weights of the pas-

senger and goods trains of the year ; by
multiplying their several sums by the total

numbers of trains, passengers and goods re-

spectively, run in the year, as given in the

returns, I have arrived at the great totals

given before.

The second point to which I have asked
your attention is that of the immense excess

of the non-paying weight of the trains over
and above the paying weight. This is a
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subject which is frequently treated in the

scientific publications of the day, and which
has been discussed at meetings of this So-

ciety, but I am not aware that it has been
hitherto considered in connection with the

Board of Trade returns. In the annual

address, which I had the honor to give to

this Society in October, 1868, I alluded to

the subject of non-paying weight. I then

gave an estimate of what I believed to be

the proportions in which these two divisions

of the total weight of the train are to be

found. The non-paying weight, large as it

was, I now find was understated, as shown
by the astounding results extracted from the

returns. This was in part owing to the fact

that the figures were drawn from a much
smaller railway circle than that from which
the returns immediately before us have been
computed.

The proportions of the paying weights of

trains run in 1867 were, viz :

Passenger trains.

Paying weight, 4.89 per cent of the total

weight of the train.

Goods trains.

Paying weight, 30.34 per cent of the total

weight of the train.

Total Passenger and Goods trains.

Paying weight, 16.67 per cent of the weight
of the whole train.

Or, in simpler phraseology, it takes 19 tons

of train equipment to carry one ton of pas-

sengers, 2| tons of the same to carry one

ton of goods, and, in gross, 5 tons of equip-

ment to carry one ton of paying load.

That the public are not acquainted with

these facts is, I believe, the secret of their

discontent with the management of our rail-

ways. They place themselves willingly un-

der the direction of theorists, who are not

competent to realize the situation. Relieve

them from this state of suspense in which
they are placed, make them familiar with

the reason why they cannot hope for a re-

duction of fares, and they will rest content,

and railway property cannot fail to be the

gainer thereby. Show them that the expe-

rience of the Post-office cannot be taken as

a guide for the management of railways, be-

cause a letter weighs practically nothing, as

I have endeavored to show in the address

before mentioned, and that its numbers may
be increased almost indefinitely without ex-

tra cost of carriage, whereas a passenger
will weigh two tons, including his share of

train equipment ; and, moreover, that each
passenger carried, in addition to the usual

numbers, will bring an additional weight of

two tons with him. Show them that the

fares charged by excursion trains cannot be

taken as a guide, because the conditions un-

der which they are run are not those re-

quired in the conduct of the common traffic

trains of the country. Show them that the

extremely low fares charged on the Belgian
railways cannot be taken as a guide, because,

firstly, what are commonly called the Bel-

gian railways, and notably so in the second
report of the Railway Commission of 1868,
are not the Belgian railways, but only a

fraction of them, that is to say, 535 miles

out of 1,819 ; secondly, that they were con-

structed by the Government, before private

railway enterprise had commenced in Bel-

gium, who naturally selected the most
promising lines of country, and are, in fact,

possessed of the cream of the traffic of the

land ; thirdly, that these lines have cost

£18,000 a mile as against £36,000 for the

English lines; fourthly, that these lines

have been charged with no parliamentary

expenses ; fifthly, that land is of far greater

value in England than in Belgium ; sixthly,

that labor is dearer in England ; seventhly,

that the speed of the Belgian trains is con-

siderably less than that usual in England.
That all these things combine to make the

working of railways more costly at home,
and so to produce higher tariffs of fares and
rates ; and, finally, that no later than this

month, M. Malou, Belgian senator, and
well versed in the railways of that country,

has shown, in a pamphlet which he has pub-

lished, that the glowing promise of a new
railway era, to be inaugurated by these gift-

ed Belgian legislators, is only a juggle and
a delusion, and that the Government must
immediately raise their fares considerably,

unless they are prepared to work their 535
miles of line, having cost £10,000,000, with

an utter disregard of the ordinary principles

of economy and trade, and at an enormous
loss per annum. Lay all these facts and
views of the question before the traveling

public of England, and they will quickly

wipe the film from off their eyes that now
rests there, and be led to confess that, after

all, the men who have invented and perfect-

ed the locomotive and the railway, with its

belongings, and instructed the world in the

art of working and using it, are as likely to

know how to tend, and direct, and manipu-
late it with skill and sagacity, as are their

continental and other pupils.

The English engineer knows that natural
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and economic laws must eventually prevail,

no matter how the public may wish to dis-

pense with their action ; he knows the ways,

paths, and tendencies of these laws ; he

knows how to respect them, as respected

they will be ; while he also knows how to

bend them to his educated will. With
these laws as his guides, and with the forces

which nature permits him to wield as imple-

ments, he goes on in a safe and sure road of

progress, and, as he advances, hardly turns

his head to reply to the dreamers and tri-

flers, who preach from the stump and the

journal the reversal of the order of nature.

This immense dead or non-paying weight
has ever been a difficulty with the engineer.

Dead weight has no doubt increased of late

—engines are made heavier, hence more ad-

hesion, less liability to become derailed, and
greater economy of fuel in working; car-

riages are made longer, hence there is more
space for the legs of passengers; they are

made higher, hence more facility for moving
when in an erect position ; the timber is of

large scantling, hence more steadiness and
durability—all these changes have been
changes for the better, the traveler, in con-

sequence, is more convenienced as well as

physically safer than before—the latter a

boon that cannot be over-estimated; he is

actually 1,000 per cent safer at present sit-

ting in a railway carriage in motion, than

when walking in the London streets. The
Briton of the age, in short, travels fast and
securely ; faster, indeed, than the represent-

ative individual of any other nation ; he is

in the condition of the man who lives fast,

and builds a large and comfortable mansion
for his gratification ; its dimensions are

greater than are absolutely necessary for

his wants, yet he can afford the cost and he

defrays it. The Briton must do likewise if

he wishes to travel fast.

Reduction of non-paying weight is prac-

ticable, but it implies a reduction both of

the rate of speed and of convenience, and
it is not likely that it can be attempted in

the face of the long enjoyment of these

luxuries which the public have possessed.

The receipts per mile from the 73£ persons

who traveled per train run in 1867, were, viz:

Corrected
income per

Persons. s. d. mile.
1st class 8£ at 2d. per mile, 1 H 1 2|
2d class 20 at l£d. " 2 6 2 3

3d class 45 at Id. " 3 9 3 8

731 7 74 7 13

The column headed " Corrected " shows
the correct figures, having made the proper
deductions because of return tickets, which
may be taken at 60 per cent of the whole
number of tickets issued for 1st and 2d
classes. This 7s. l|d. per mile must not

be confused with the 4s. 9d. per train mile

of the returns ; the first is the income per

mile run by the 73^ passengers, the average

mileage run by each passenger being 12§
miles, while the average mileage per train

was 19 miles.

The following details may be useful, viz

:

73^ passengers carried in each of the 3,924,-

624 passenger trains run. Paying and non-
paying weights of each train 143 tons, being

a total weight per passenger of two tons.

Total weight of train per one ton of passen-

gers equal to 20 tons 8 cwt. 60 tons goods

and minerals, and 6-^ head of live stock car-

ried in each of the 2,403,866 goods trains

run, paying and non-paying weights of each
train 201 tons, being a total weight per one
ton of freight of 3\ tons.

Each passenger train, weighing a total of

143 tons, was pulled over a distance of 19.-

08 miles, bringing a revenue of £4 lis.

4|d., equal to

d.

Per mile ton of paying weight. 8.2

Per mile ton of total weight of train 40

Each goods train, weighing a total of 201
tons, was pulled over a distance of 30.64
miles, bringing a revenue of £8 19s. 2|d.

equal to

d.

Per mile ton of paying weight 1.14
Per mile ton of total weight of train 34
Passengers revenue per head per train mile . . .78

Passengers revenue per head per mile actually

run by each passenger 1.17

These figures lead to the vexed question,

viz : the relative paying properties of pas-

sengers and goods, which is shown in the

items, as above, viz :

d.

Passenger revenue per mile ton of total weight
of train 40

Goods revenue per mile ton of total weight of

train 34

These figures are not strictly accurate,

while sufficiently so for our purpose, because

we know from the passenger revenue per head
per train mile of .78d., that each passenger

cannot have traveled the whole 19.08 miles

run by the passenger train. I find that the

actual distance run by each passenger was
about 12| miles, or three-quarters more
than the distance run in 1855, as given by
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Mr. Robert Stephenson in his address to the

Institute, in 1856, before alluded to. The
precise distance run by each ton of goods

pulled is not so easily found. However, all

things considered, the deductions for these

drawbacks of passenger and goods mileage

from the 19 miles and 30f miles run, will

not cause any material error in the repre-

sentative fractions .40d. and .84d., the in-

comes per horiz. mile ton, respectively, as the

deductions would only apply to the paying

weight sections of the train, which in each

case is small as compared with the total

weights.

These fractional figures would place the

advantage on the side of passenger traffic to

the extent of ,06d. per horiz. mile ton, but

against such is to be placed the serious

debit of 90 per cent more speed, also 90

per cent more of capital invested in vehicles,

valuing carriages at £200, and trucks at

<£60 each, the capital invested in the latter

being, viz

:

Carriage capital, per ton of freight pulled

per annum 3s. 9d.

Truck capital, per ton of freight pulled
per annum 2s. Od.

While to its credit is to be placed, say,

50 per cent less concussion, and the carry-

ing of 75 per cent more freight per vehicle,

etc., viz

:

27,354 carriages carried 27,472,368 tons, or 1,004
tons "per vehicle.

247,048 trucks carried 146,635,826 tons, or 593
tons per vehicle.

A debtor and creditor account would
stand thus

—

Dr.

PASSENGER TRAFFIC,
AS AGAINST

GOODS TRAFFIC. Cr.

00 per cent more speed.

90 per cent more vehicle
capital invested per 1 ton
of paying load pulled.

17 per cent more revenue per
mile ton of total weight
pulled.

50 per cent less concussion,
viz: load carried 12 cwt
per foot of wheel base, as
against 20 cwt. to 40 cwt.

75 per cent more paying load
carried per vehicle per an-
num.

12 per cent greater facility in

reception and delivery of
paying load.

I shall not now strike the balance ; the

advantage, however, at first sight, is on the

side of goods traffic. If the two sides

should be found on a line, it will be a re-

markable proof of the sagacity of railway

managers, in that they succeed in making

the two great divisions of traffic revenue
contribute equally to the general account.

I must not forget to acknowledge my ob-

ligations to Mr. Frederick T. Haggard, of

Burnham House, Kent, for the assistance

which I have received from him while in-

vestigating this question, as well as for the

hints which I have taken from his valuable

pamphlet, entitled "A Mile of Railway,"
published last February.
The moral which I have endeavored to

make this paper convey, is this : that so

long as the railways of the United Kingdom
shall carry passengers and their train equip-

age at .40d., or two-fifths of a penny, per
ton per mile, at an average speed, while

running, of 34 miles per hour, and goods
and minerals, with their accompanying dead
weights, at .34d., or one-third of a penny
per ton per mile, at a speed of 18 miles per

hour, the public cannot complain.

If they will take a common sense view of

the question, and compare these rates and
speeds with those of such other modes of

traction as they are familiar with, and fur-

ther, compare them with those of other

countries, giving their own country credit

for the many and great conveniences and
accommodations which the system confers

upon them, as well as taking due cognizance

of the quality and price of the material out

of which the fabric is made, and upon which
it is built up, I feel assured their verdict

will agree with that before quoted—that in

the matter of railways they are "the best

served community in the world." These
returns disclose the strange facts that the

average British passenger weighs two tons,

with train accessories, and that the ton of

goods, etc., weighs 3|tons; by no known
processes can these enormous multiplication

of original net weights be reduced, consistent

with affording that amount of personal se-

curity, and comfort, and accommodation
now enjoyed ; let them, in their future de-

liberations on this subject, relinquish the

idea which has so long clung to them, and
which has been so ingeniously and persist-

ently placed before them, that a railway

passenger is a featherweight—a letter or a

newspaper, as it were—and that he may be

treated accordingly, let them try to realize

the facts as stated, as to the actual total of

paying and non-paying weights pulled, and
the enormous energy developed in order to

produce the effect expressed in the figures

as before given^viz: 25,512,646,408 horiz.

mile tons.
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These, combined with the figures repre-

senting the wear and tear of material, and

the labor expended in the maintenance of

the system, will, perhaps, convince them of

what an exacting, devouring, and insatiable

monster it is that they have called upon to

minister to their lately-born wants, and will

go far to reconcile them to the existing

tariffs of fares and rates, which, no doubt,

competition and the wish to act in a just

and liberal spirit to all parties concerned, on

the part of railway executives, has already

reduced to the lowest admissible rate. I

believe that these are amongst the "things

not generally known," and that when gene-

rally known they must tend to promote and
strengthen that cordial understanding which
ought to exist between the railway proprietor

and the traveler by railway, and so without

fail to increase the confidence of the invest-

ing public in this great property, and as a

necessary sequence, to enhance its money
value.

THE FATCLIE STEAM CARRIAGE.

From the " Mechanics' Magazine."

The name of Mr. Robert F. Fairlie has,

for some time past, been brought promi-

nently before the public in connection with

the economical working of railways. The
Fairlie engine is well known to our readers,

and a brief description of his steam carriage

has also appeared in our pages. A trial of

this carriage was made July 15th, at the

Hatcham Iron Works, which successfully

demonstrated the practicability of working
the system upon railways, with curves of

only 50 ft. radius. The steam carriage

exhibited, and which was not quite completed,

was designed to work on a metropolitan rail-

way, at the terminal stations of which suffi-

cient space could not be given for laying

down rails on a curve of 25 ft. radius for

the standard carriage to run itself round

;

consequently, the standard carriage had to

be altered in dimensions to allow of its

being turned on an ordinary 40 ft. turn-table.

Hence, instead of seating, as is intended,

the 100 passengers in the standard carriage,

the carriage under trial only gave seating

space for sixteen first class and fifty second

class, in all sixty-six passengers. The
accommodation per passenger is as good as

is given on the best lines, and infinitely

superior to the stock usually worked on
branch lines. The length of the carriage

is 43 ft., including a compartment near the

engine for the guard. The engine, carriage,

and framing all complete, in working order,

but exclusive of passengers, weighs under
13v| tons, and including its full load of

passengers, 18-£ tons only. The carriage

when finished complete will have a broad
step or platform on each side, extending its

entire length ; this step is protected by a
hand rail on the outside, with an arrange-

ment for lifting it on the platform side at

the doors to allow the passengers to get in

and out. The object of this platform is to

enable the guard to pass completely round
the train at all times, and while doing so, he
is perfectly safe from any accident. Passen-

gers can also pass along the platform to the

guard, so that in this manner there is an
easy and perfect mode of communication
between passengers and guard.

It is intended, however, in the standard
steam carriage to provide a central passage

inside the entire length of the carriage,

leading direct from and to the guard's com-
partment ; thus there is the most direct

means of communication between the passen-

gers and guard. The compartments in the

carriages will be quite as separate and dis-

tinct as they are at present, or as the most
fastidious could desire. The guard passes

through the carriage at pleasure. Those in

the higher classes can pass to the lower, but

the lower cannot get to the higher, while all

can pass to the guard when required. The
standard carriage will have two compartments
first class, to seat 16 persons ; three com-
partments second class, to seat 30 persons

;

and four and a-half compartments, third

class, to seat 54 persons—in all, 100 passen-

gers. The machine complete, in working
order, will weigh about 14 tons, and with

the 100 passengers, from 20 tons to 21 tons.

These carriages will convey their full com-
plement of passengers at forty miles per

hour up gradients of 1 in 100, and, as

demonstrated, will pass round curves of 50
ft. radius at twenty miles an hour with per-

fect safety.

There are few trains on any of our rail-

ways which convey more passengers per

mile than can be accommodated by one of

these steam carriages. In fact, it is known
that the average number of passengers,

taken from the Parliamentary returns, give

only about eighty passengers conveyed alto-

gether by each passenger train in the United
Kingdom, from the time it starts until it

completes its journey; and this only gives

about an average of 30 to 35 passengers at
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any one time in the train, for each mile

traveled. Of course, there are exceptions

to this number on our principal mail lines,

hut even in these cases, a greater number
is the exception, and not the rule. The
weight per wheel of the steam carriage being

only about 2J tons, it follows that very

light rails may be used, with everything

light in proportion. The passage of such

sharp curves so easily will enable us to make
lines very inexpensively ; we need no

embankments or cuttings or heavy masonry
works of any kind ; therefore, lines will be

made cheaply and stocked cheaply. Under
these circumstances, there is no reason why
every village should not have its line either

direct or communication with some of the

main lines, to which these light railways

would act as feeders, and not like the present

branch lines, which really act as suckers

and not feeders. Many of these branch

lines have actually cost a larger sum per

mile than the parent line, over which the

traffic from the particular branch would not

represent more than 5 per cent, if so much,
of the total traffic Then how, in the name
of wonder, can such lines pay ? When a

gentleman desires to open up an estate for

building or agricultural purposes, the first

thing he considers is the making of suitable

roads through it. Now, instead of roads,

there is no reason, why these light railways

should not be made. In time it will come to

this.

We are only, in a sense, beginning rail-

ways ; we must have double, aye, treble the

mileage we have at present, but every one of

these miles must not only be constructed

but worked in a very different manner to

that in which they have been, and are being

at present. We have only to consider this

simple fact : the steam carriage, with 100

passengers included, weighs about 20 tons,

while the tender which accompanies the

ordinary locomotive, and which is perfectly

useless, except to carry food for the locomo-

tive, weighs as much, if not more. The
usual passenger trains average in weight,

exclusive of passengers, about 80 tons

;

therefore, it follows if to work 80 tons it

takes 30 lbs. of fuel for the locomotive per

mile, to work only 20 tons, one-fourth of

the fuel would be required. The reference

to fuel means oil, tallow, and every material

required to maintain the engine ; it means
also the same proportionate reduction in the

cost of maintenance of permanent way, and
all charges connected with the working of

railways. The proper method of working
railways is to take the largest possible loads,

and, consequently, fewer numbers of goods

trains ; so that instead of earning about 6s.

per train per mile at a cost of 50 per cent,

netting 3s., these should earn double the

amount—say 12s. per mile—while the cost

would not exceed Is. over the 3s. spent

to earn the 6s., giving a net production

of 8s., instead of 3s., or about 280 per cent

more.

Then, again, the passenger trains which
now earn under 5s. per train per mile, and
costing 50 per cent of the amount, or 2s.

6d. to earn it, could be worked with the

steam carriages at a cost of about Is. 6d. per

mile, thus adding 40 per cent to the net

receipts on passenger traffic. It is to be
remembered that these percentages are pure

gains to railway companies, the cost of

management and other charges being taken

as remaining the same, the profits arising

solely from the improved mode of working.

The Fairlie engine can haul double the

ordinary loads of goods per train, without

injuring the permanent way so much as is

now done by the ordinary engine ; and
allowing for the increase in the consumption
of fuel for the load taken, all other expen-

ses remaining the same, the extra cost on
each could not exceed even 6d., although

Is. is placed against this item—therefore,

the profit must certainly be very great.

While on the subject, we now notice the

Fairlie engine " Little Wonder," which has

been built for the Festiniog Railway Com-
pany, and which has obtained very consider-

able notoriety from its being the narrowest

gauge passenger railway worked by locomo-

tives in existence. The line has been
worked now about five years, and during

that time there has not been the slightest

accident of any kind; in fact, it is con-

sidered a most extraordinary line, not only

on account of its gauge, which is only 2 ft.,

but because of its success commercially.

The traffic hauled last year over this minia-

ture line of twelve miles in length

amounted to 130,000 tons of goods, and
145,000 passengers, which would be con-

sidered a very handsome traffic for a full-

sized railway of the same length, and the

wonder is, how it has been done. The credit

is due to the able management of Mr. C. E.

Spooner, managing director and engineer.

The traffic has so increased that the ordinary

engines are getting too small to pull the

loads, and hence the adoption of the Fairlie
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engine, which at once enables the train loads

to be doubled, without, but in a very small

degree, increasing the cost of each train.

The Festiniog line is, for about eleven miles.

one continuous ascent of about 1 in 80,

with very many curves, some of which are

as small as 100 ft. radius. The " Little

Wonder," although weighing but 19^ tons,

fully equipped with fuel and water for the

road, will haul after it 140 tons, at a speed

of fifteen miles an hour for the whole eleven

miles ; a feat, considering the gauge and
weight, that could not be accomplished by
other than the Fairlie engine. The engine
has eight wheels, in two separate groups of

four each, each group being acted on by a

pair of cylinders 8^ in. diameter. The
wheels in each group are 2 ft. 4 in. diam.,

and are coupled together.

The extreme wheel base is 18 ft.; conse-

quently, the engine will run with remark-
able smoothness. At the same time, the

wheel base of each bogie being but 5 ft.,

the engine will pass round curves of 50 ft.

with the utmost safety at 20 miles an hour.

The principle in this respect is precisely

similar to that of the steam carriage

passing curves of 50 ft. The fact of either

steam carriages or engines being constructed

to run with perfect safety round curves of

50 ft. is unprecedented in the history of

railways, and places the railway world under
a considerable obligation to Mr. Fairlie, who
has spared no pains to perfect a system to

which we wish every success.

ACCUMULATED HYDRAULIC POWER.
From " The Engineer."

The advantages in economy and conve-
nience which attend the use,formany purposes,

of accumulated power, are by no means gen-
erally understood. By accumulated power
we mean power which is generated continu-

ously, to be used at intervals without any
change in the application, such as occurs in

the use of a hammer, where the accumulated
power is used percussively. In this case

there is such a sudden application of the ac-

cumulated power as to cause very marked
differences in effect from the effect of the
same, were power applied in any other way

;

in fact, it is well known that for certain pur-
poses it is imperative to apply power percus-
sively

; but the purpose of the present article

is to deal exclusively with the question of
the periodic use of continuous power as affect-

ing the economy and convenience ofmachines

used for manufacturing purposes. Power
may be accumulated in very various ways,
but it is in the hydraulic accumulator that

we find the most extensive and convenient
application of the principle. To the applica-

tion of hydraulic accumulation we shall

therefore confine our attention, and, further,

we must premise that direct applications of

hydraulic power, as in the hydraulic jack,

do not bear upon the question, as we have in

all such cases a concentration of the power,
it is true, but no accumulation.

Five points have to be considered in re-

lation to the subject in hand, namely—(1),

the cost of generating the power
; (2), the

loss by friction
; (3), the cost of the machin-

ery
; (4), convenience of application ; and

(5), the cost of maintenance.

The cost of generating the power should

be taken as including all expenses incurred

in the prime mover and the pumps and ac-

cumulator, as the power developed by the

prime mover is, till transferred to the ac-

cumulators, of no more avail than if none
existed. Very erroneous statements have
been put forward as to the cost of pumping
into accumulators, such statements being

usually based on the duty performed by
pumps working at lower pressures, such as

are i-equired for work of a totally different

kind. The friction in pumps working at low
pressures very much exceeds in proportion

that of hydraulic pumps working at high

pressures, and we shall be able to show that

the percentage of friction rather diminishes

than increases with the pressure, even at

high pressures. Further, the amount of

power accumulated will increase as the dif-

ferences of the squares of the diameters of the

plungers, but the friction of the plungers only

increases as the first power ofthe differences of

their diameters. On this ground, pumps of

large diameter and short stroke seem most de-

sirable, but the frequent opening and closing

of the valves, and the greater strength of the

framing and gearing required with such in-

crease of diameter, must be weighed in prac-

tice, and a line drawn beyond which this

theory must not be pushed. The increase

of friction from the increased strength of

gearing cannot be stated otherwise than by
a reference to each particular case, but a

little consideration will make it evident that

this increase bears but a small proportion to

the diminution of the friction on the plun-

gers, because the speed of the moving parts

is in the inverse ratio of the squares of the

diameters of the plungers, while the increase
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of the frictional surface will be in the direct

ratio of the diameters. It may be taken
roughly that the increase of friction in the

gearing will be directly as the increase in the

diameter of the plunger, and the diminution in

the friction of the plunger in a like proportion.

There is one other element of friction to be
considered ere the power accumulated is avail-

able for use, namely, that due to the passage
of the water through the pipes, forming the

communication between the accumulator and
the machines which use the power. This
friction is but little increased by the length
of such pipes, but is very seriously augment-
ed by all indirect-passaged valves, sudden
bends, and ail alterations of the form or area

of passage. Of these and other kindred
points we shall speak more fully in future

articles when we come to discuss the design-

ing and making of hydraulic apparatus.

Having reviewed these preliminary points,

we can now pass to the consideration of the

great source of economy incidental to the

use of accumulated power for intermittent

work, such as punching, shearing, forging by
dies, bending and straightening metals,

hoisting, pressing and packing, and many
other processes. The chief source of econo-
my lies in the use of a far smaller prime
mover than could otherwise be used, such
prime mover working against a continuous
and equal load, and therefore, c&teris paribus,
working economically. Fully to appreciate
this advantage it is necessary to bear in mind,
that the saving in the size of the prime
mover is in direct proportion as the intervals

of rest of the machines exceed their intervals

of work, and is at a maximum when the
work is regularly intermittent, and of the
shortest duration as compared with the in-

tervening period. It naturally follows, there-

fore, that heavy work requiring some time
for its intermediate handling and prepara-
tion, followed by the exertion of excessive

pressure through a small range, offers the
most economical field for accumulated power.
As the intervals of rest grow shorter the
economy diminishes, but not necessarily the

convenience. To make our meaning plainer,

let us take the case of shearing and punching
plates, requiring, say, fifty-four seconds each
to place in the tools, and the application of
a power for six seconds equivalent to raising

500 tons through 1.2 in. In round numbers,
34-horse power will be the power developed
for six seconds. Now, supposing a water-
wheel or steam engine to be the prime mover
used, we should require one of 34-horse

power continually at work, during only one-

tenth of which time would it do any useful

work ; with an accumulator, on the other

hand, one of 3.4-horse power would do the

work. It will be seen, therefore, that we
save the power absolutely lost in driving the

larger engine or wheel for nine-tenths of its

time, the interest on its first cost, and the

extra room it would require. In each case,

to a small engine or other prime-mover,
pumps of equally small size will be required,

but the size of the accumulator depends on
other data. By the following method the

proportionate sizes of each part of the hy-

draulic apparatus may be fixed : The work
to be done in, say, one hour or one day,

must be estimated ; then a prime-mover
must be fixed upon capable of doing this

work per hour or per day, and, as before

stated, the size of the prime-mover will in-

dicate the capacity of the pumps. The
capacity of the accumulator must be arrived

at by estimating the duration of the longest

interval of rest, and then calculating the

size of the accumulator to hold the full quan-

tity pumped during that time. After the

capacity of the accumulator has been arrived

at, it will be necessary to determine what
length of stroke shall be adopted. This will

involve important practical considerations

regarding the load to be carried, and its mo-
mentum in falling when water is drawn by
the machines. The power remaining the

same, the pressure per inch will exercise a

considerable control as the designing of the

pumps and accumulator. We shall defer

treating these points in detail, as our space

will not, in the present article, admit of

more than a general treatment. We now
come to a very important point in the use of

hydraulic machinery, namely, the cost of

machines themselves and their size. In the

first place, we note that well-designed hy-

draulic machinery for the various operations

before mentioned is very simple in its con-

structive details as compared with geared

machinery, is also much smaller and lighter

than other machinery of equivalent power,

and exhibits a much lower percentage of

friction. It is also a fact that as the power
is increased, these three advantages of simpli-

city , lightness, and small frictional coefficients,

become more and more marked as compared

with other contrivances of corresponding-

power. Of course, cost in machinery is con-

siderably dependent on simplicity of parts,

and it will be found that in all cases where
hydraulic machines have been properly de-
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signod and made, the first cost and the cost of

maintenance have been small, compared with

other machinery of equal capacity. The
chief item of expense in the maintenance of

hydraulic machinery lies in the cost of renew-

ing the cupped leathers ; and from want of a

little good bainwork in the design of the ma-
chine, the cost of putting in the latter is often

far more than the cost of the leather itself—in

fact, it is the writer's experience that this is

the rule rather than the exception. It is

also very noticeable in most cases that the

leathers do not have a fair chance of a long
" life " by reason of the inferiority of the

surface against which they work, arising from
" specks " and deficiency of finish. It is

very difficult, nay, even impossible, to get a

perfectly clear surface on cast or wrought
iron by ordinary tools and operations ; but
much may be done by the adoption of little

practical "dodges," of which we shall have
occasion to speak hereafter. The considera-

tion of the convenience of hydraulic ma-
chinery opens up a very wide and interesting

field of applied mechanics ; but one rather

difficult to treat of generally, as each in-

dividual case offers some distinctive features

of its own. Yet we can select certain salient

features which may serve as mental stand-

points from which to regard isolated cases,

which may arise in each branch of manu-
facture. In all cases where it is a necessary

part of a process to have a machine to stand

for accurate adjustment of the work, as in

punching, shearing, etc., accumulated hy-

draulic power is very advantageous, as the

tools can be brought close to the work and
kept at any point quite steady till the ad-

justment is complete, when the blow can in-

stantly be obtained. There is also the very

great advantage that the pressure can be

kept equally on the work, aud will follow it

up self-acting, which other gearing will not

do satisfactorily. There is one point of superi-

ority in hydraulic pressure from an ac-

cumulator which in many operations is

eminently important, and which is equally

characteristic of it, and that is, that if the
" work " will not yield, there is not an in-

crease of pressure, as in other cases, and

therefore no risk of such an increase of strain

as to break the machine. No doubt many
of our readers have seen numerous cases,

in machines which possess momentum and

have to pass a dead center, of ruinous frac-

tures, due to some impediment which has

got in and tended to stop the machine. In
such a case there is an instantaneous con-

version of the vis viva of the machine into

a force which often becomes disruptive. As
an instance, the fractures of screw-heading

machines may be taken ; nor are such in-

stances uncommon in ordinary shearing ma-
chines. There is no remedy for this difficul-

ty other than to adjust the strength of the

machine so as to be capable of suddenly

absorbing the vis viva of its own moving
parts. This, however, cannot always be
done. Hydraulic machines, on the other

hand, require only to be constructed capable

of bearing the normal strain of the work, as

such strain cannot, in the very nature of the

case, become abnormal. In all cases where
a large power is required to be put on a

small area, hydraulic power offers great ad-

vantages, as small, accessible, and easily

controllable tools of immense power can thus

be obtained ; but in some cases peculiarities

in the work modify these advantages so far

as to preclude this successful application, as

for instance, where it is imperative to have

a long traverse with very little work except

at the end of the stroke. In such a case the

great waste of power would preclude such an

arrangement, except in cases where conve-

nience was a paramount question and power of

little value. It is in dealing successfully

with such questions of suitability that the

engineer can show his grasp of his profes-

sion, and on such fields do the masters of the

credit meet and overthrow the mere charla-

tans and men of a " groove."

EXPLOSIONS OF NITRO-GLYCERffiE.

From "The Engineer."

After referring to the late disaster in

Wales, our authority proceeds as follows:

Our object is not now to discuss the un-

fruitful question of what brought about this

disaster, as its proximate and immediate

cause, but to offer a few practical remarks

with a view to prevent the recurrence of

others, based on a somewhat more precise

knowledge of the properties of the substances

concerned than appears possessed by the

" correspondents " of our various contemp-

oraries, or by anything brought before the

" crowner."

Since the introduction of nitro-glycerine

to practical use, at least half a dozen tre-

mendous explosions of it have taken place

in Great Britain, several in America, and a

few in Germany and France. Their effects

in destroying life—with circumstances as

sudden and inevitable, and more appalling
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than death by lightning—have filled the im-

agination of all who have listened to or read

accounts of them with inexpressible dread

of this tremendous agent ; and it is quite

likely that at the motion of some of our

legislative wise men—of the kidney of those

who would abolish patents because they

hamper some people and tend to produce
lawsuits—some attempt will be made to in-

terdict the use of nitro-glycerine as a blast-

ing agent in our country ; or so to restrict

the conditions for its storage and transport

as to diminish, or even neutralize, its en-

ormous advantages to the quarryman, the

miner, and the tunnel-driver.

We do not for a moment contend that

some legal and police regulations as to its

manipulation in storage and transport are

not most desirable ; on the contrary, we say

at once, the necessary powers for codifying

and rendering such stringently operative

ought to be taken, and immediately applied.

But let us first clearly ascertain what such

regulations should consist in, and how far

they need go.

If nitro-glycerine, like tri-nitro-cellulose

or gun-cotton, be badly prepared—we shall

not here go into any chemical particulars

—

it may pass into a state of incipient decom-
position, and of chemical condition so un-

stable as to explode—as we may popularly,

but still not with philosophic accuracy ex-

press it—spontaneously.

Against this the only real safeguard must
be the skill, fidelity, and reputation of the

manufacturer ; and were proper means taken

to prevent extraneous and other causes of

explosion, the makers of nitro-glycerine

would see that it was to their own interest

to send out nothing but such as was, in this

respect at least, safe. In fact, we have no

doubt that, as far as any tendency to ex-

plosion of this sort goes, as much may be

done for nitro-glycerine as Mr. Abel—fol-

lowing after Von Lenck and others—has

done for gun-cotton, which once had, and
somewhat justly, a bad character in this

respect.

But, secondly, let us ask, on behalf of

nitro-glycerine, is it to be supposed that more
than seven hundred years ago—when gun-

powder first began to be practically employ-

ed as an explosive agaent—that there were
not many and terrible so-called accidents at-

tending its use ? Such must be the course

of events with any new and powerful agent

suddenly brought into popular handling

;

and such must equally tend to disappear as

popular ignorance gradually gives way to

rapidly diffused information as to the pro-

perties of the newly-acquired agent. Well,

what remains, then ? That we can and ought

so to guard against, as serpents, the proper-

ties of this new agent, so enormously more
powerful when exploded—and as exploding

by concussion, so unquestionably more dan-

gerous than gunpowder.

To say in sufficient detail all we could say,

and at the proper place, should be prepared

to say on this, would far outstep the limits

of a leading article, but it may be all con-

densed into one general sentence—so store

and so transport your nitro-glycerine that

concussion or percussion, internal or external,

shall become physically impossible, and so

that no violent or extreme change of tempe-

rature, above or below a fixed mean, shall

occur ; effect that, and future danger or

" accident" will, to a great extent, vanish.

It seems but little generally known that

the wonderful, and even yet little understood

rapid inversion of chemical forces called ex-

plosion, tends to propagate itself, by mere
shock perhaps, from one isolated mass to

another. The facts observed as to the suc-

cessive blowing up of more or less distant

buildings in powder mills, when one only

has been first exploded, shows that this is

true even of gunpowder, an agent which is

with great difficulty, and only under certain

circumstances, caused to explode by percus-

sion, as Faraday long ago showed. But it

is eminently true of fulminates properly so

called, of which nitro-glycerine is one ; for

though explodable either by sufficient igni-

tion or heating, it is far more readily so by
any violent shock, or by a blow from a hard

body, or from even a gas evolved at great

velocity, as from a percussion cap.

When Mr. Hennel, the operative chemist

at Apothecaries Hall, London, was blown to

atoms many years ago by the explosion of a

large copper dishful of fulminate of mercury,

holding several pounds, beside which at a

distance of several feet he was standing, the

explosion of the whole appeared to have been

induced by the slight but sharp impulse

given through the air, by the explosion of a

grain or two of the fulminate which he in-

cautiously took out and exploded by a blow

of a hammer to judge of the quality of the

mass itself.

Mere subdivision of nitro-glycerine into

small parcels—these being placed tolerably

adjacent or in the same building—will be

nugatory as any safeguard that one portion
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only may explode and leave the others un-

touched.

Roughly we may say that unless the dis-

tance between the stored separate masses

be such, or the interposed divisions—such as

heavy walls, vault arches, or the like—be so

massive that the shock or sound of the ex-

plosion of one mass shall be imperceptible

at any one of the others, mere subdivision

can afford no certain security that when one

goes all shall go off in succession. But there

is another circumstance to be taken into ac-

count—the effects. Now, the leveling agency

and life -destroying power of nitro-glycerine

are so great, and so much in excess of gun-

powder, that subdivision ought to be insisted

on, and we hold it that the law should

provide :

1. That no nitro-glycerine should be

stored at all, except in places not less than

half a mile from any inhabited house or

factory, or other usual resort of large num-
bers of employed persons.

2. That public stores should be provided

for it, to which it should be removed from

ship or railway on the night after its arrival,

and only at night.

3. That not more than 500 lbs. should be

stored any-where in one mass, and to that

extent only in public magazines.

4. That transport through public thor-

oughfares should only be done on license

given, after written notice to a public officer

(probably of the customs or excise), and
then accompanied by a subordinate appoint-

ed by that officer.

5. That all private consumers should be

obliged to provide magazines, to the ap-

proval of a recognized authority ; and that

these be on the same principle of distant

subdivision and position as to human habita-

tions, etc., as the public magazines ; and
that the maximum stock in any one mass
should not exceed such quantity less than

500 lbs., as such authority should sanction.

These regulations would really impose no
serious burden or restriction to use, and, so

far, would be pretty effectual.

There remains, then, the mode of package

and transport ; and here there is immense
present recklessness, and room for an immense
improvement. Soldered zinc or tin-plate

or galvanized iron bung-stopped cans are

about as dangerous as any vessels can be.

Leakage can scarcely be avoided at the bung
—a screwed stopper is still worse—the

chance of leakage is great, and a fragment
of flint, or grit, or glass, or of any hard

body, in extracting or replacing it, may
cause explosion. The soldering is often

staunch at first, simply by reason of a film

of rosin at an imperfect place ; and when
this dissolves or is rubbed away leakage oc-

curs ; and if some of the leaked liquid be
exploded, though outside and some feet,

perhaps, from the can, the whole may explode.

But there is a further and more insidious

cause of danger. Many such cans have bits

of loose solder accidentally included in them,
or bits that may become loose. These are

necessarily tail-like bits, with sharp points

and of angular forms. These, if shaken
about in the can, may induce explosion, as

may a bit of wire, or an iron prong or broken
corkscrew, or any sharp and hard solid if

dropped into the can, and afterwards shaken
about in it. In fact, just as a needle thrust

into a glass of still soda-water or a few
angular crumbs thrown into a glass of dead
champagne will re-establish effervescence, so

is the instability of already unstable chemical

compounds increased, and if explosive, their

tendency to explode. Even rough points,

or lines, or seams, and far more, sharp

corners or re-entering angles in the in-

side of vessels have the same effect, of

which many remarkable examples have been
noticed and recorded, both as regards com-
bination and decomposition, by Chevreul,

Becquerel, Mallet, and others. But we
must be brief. We say, .therefore, that in

place of these cans the only vessels permitted

for transport and storage of nitro-glycerine

should be strong ellipsoidal metallic bottles,

something the shape of a soda water bottle

but of larger diameter in proportion to length,

and each made out of one sheet of metal
without solder or seam, by the method of

hydraulic pressure in suitable moulds, which

was exhibited, in 1867, in the French depart-

ment, and examples of its marvelous facili-

ty and adaptability to any form or size there

shown.

These vessels should be strong enough to

resist dinges or dents by any moderate blow
or by being let fall from a man's hands, and
should be perfectly smooth within. The
neck should be wide enough to enable the

whole inside to be examined by the aid

of a properly projected and powerful illu-

mination, and it should be closed neither by
bung nor ground valve, nor screw cap, nor

by anything capable of producing rubbing,

friction or catching up grit, or requiring

force and iron instruments to extract—but

instead by a flat plate having a ring of gutta
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percha or cork, or other more suitable and
slightly compressible material inserted flush

in a circular sunk race, and made to bear

against the flat edge of the neck of the ves-

sel. This plate or valve should be pressed

tight into place, and held there by a screw

bearing upon its outer surface, and passing-

through a £p-shaped bridge, hooked on to two
lugs, formed outside the neck of the bottle.

Each such bottle should be packed into a

sheet iron cylindrical canister with a cap,

and at least 2-in. or 3-in. of dry elastic saw-

dust intervening all round it, and each such

packed canister should be enveloped always

in a thick mat of " gunny bagging," or other

cheap elastic material.

We cannot extend here further, though
much more remains that we should like to

add. However, were even the precautions,

which we have here rapidly sketched, taken,

and zealously, and not in laziness and official

sham, but really carried out, we venture to

affirm that a considerably increased length

of time would be found to elapse before the

next blow-up of nitro-glycerine should occur

;

and whenever it should we would hope that

the coroner's jury verdict would not be, as

at Carnarvon, one of " accidental death."

SHRAPmL v. SEGMENT SHELL.

From the London " Times."

There are three distinct parties in this con-

troversy. First, the out-and-out Segmentite,

who considers shrapnel a thing of the past,

and has not the slightest faith in it either

as a shell or a shot ; second, the rabid

Shrapnelite, who looks upon his favorite

projectile with the fluttering affection with

which a hen regards her one chicken ; and
considers that segment shell violates every

condition of scientific and practical gunnery,

and is utterly inadmissible in consequence
;

third, the dispassionate party, who are pla-

tonic enough to view the contest with
unruffled equanimity, and whose chief object

is to get the best thing they can for the ser-

vice, irrespective of the fact that it is the

invention of Boxer or Armstrong. Let us

see, now, what these several cliques have to

say for themselves.

The Segmentite usually affects to be
eminently practical; he disbelieves in the

efficient boring of time fuses in action, ridi-

cules the firing of such projectiles under
most of the circumstances met with in actual

war, and calls the rifled shrapnel a wooden-
headed piece of complication. It is absurd,

he urges, to suppose that future battles will

be fought over ground selected expressly to

develop the merits of shrapnel fire. Troops
will be more or less protected, the soldier

will instinctively seek cover, and the very

key of the position on many a battle field

may be a rude house and garden, with a few
hastily thrown up entrenchments, against

which the fire of shrapnel would be entirely

thrown away. What would be the position

of a general under such circumstances if

provided with a shrapnel alone ? Must he
wait for his siege train before he could

attack a farm-house ? With what projectile

are we to attack stockades, abattis, houses,

villages, woods, field earthworks, and war
material such as guns, carriages, and
wagons ? Are horse artillery when acting

with cavalry in pursuit of an enemy to be

obliged to bore and fix fuses in the hurry

and excitement of action, when time is of

the greatest possible consequence ? Is the

No. 1 supposed to ride with his pockets full

of fuses, and the gimlet in his mouth ? Sup-

pose the man with the bradawl is killed, who
is then to "look for the needle in the bun-

dle of straw?" The segment shell can be

fitted with a concussion fuse and carried

into action ready loaded. No boring and
fixing of fuses is necessary. The gun may
be served as quickly as with shot ; the burst

on graze facilitates the estimation of dis-

tance, and a few turns of the elevating

screw is all that is required. Look at the

simplification of drill under these circum-

stances. The soldier has nothing to look

for but the cartridge and shot ; he may be

the veriest tyro, and still be an efficient

gunner. The use of time fuses, on the con-

trary, necessitates careful drilling. A man
whose fingers are all thumbs from the cold

of Canada would make a sorry exhibition in

boring a time fuse, particularly if he had
only been partially instructed, and in case

of war there is little or no time in which to

instruct the recruits sent out hurriedly to

replace casualties in the ranks. Such we
may suppose to be the chief arguments

advanced by the out-and-out Segmentite.

To him the rabid Shrapnelite replies :

The shrapnel shell is constructed on true

principles, which cannot be said for the seg-

ment. Such a fire is more independent of a

correct knowledge of range and configura-

tion of ground than any other. It is mani-

fest that it matters not to the shrapnel shell,

bursting as it does in the air, whether the

ground be hard or soft, smooth or broken,
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undulating or flat. The action of the con-

cussion segment depends, on the contrary,

on the nature of the particular spot struck.

If that be the side of a hill, the projectile

enters the ground, and the effect is merely

a shower of earth; if it be a soft morass, the

shot buries itself in the spongy ground.

To obtain good results from segments it is

necessary to burst the shell close to the

object, and there is a greater chance or

probability of oversight in the correct eleva-

tion of the gun than there is in the true

boring of a fuse where a certain limit of

error is admissible. The velocity, again, of

the segments will be materially diminished

by the shell striking the ground, and the

comparative effects will be less than in the

case of a projectile bursting in the air

unchecked. The spherical bullets of the

shrapnel meet with much less resistance

from the air than the irregularly formed seg-

ments. The fire of shrapnel is much more
formidable than segment against troops in

the open field, either as skirmishers or in line,

and although segment shell may under cer-

tain circumstances have a seeming advantage,

the result is generally to be attributed to

accident. Troops under cover must be dis-

lodged by special means ; common shells must

be "lobbed " so as to render their retreats

untenable. All such defenses as pahs, stock-

ades, abattis, earthworks, etc., must be

attacked by common in conjunction with

shrapnel shell. The boring and fixing of

fuses is a mere matter of drill ; in the old

smooth-bore days no difficulty was expe-

rienced, and there is no evidence to prove

that the race of gunners has degenerated,

or that we have now less of the coolness

and intrepidity for which the regiment has

ever been justly celebrated. This soldier-

like quality is assuredly present amongst us

to-day as formerly. There is no reason

why, with an efficient system of drill,

shrapnel shell should not be fired just as

quickly as shot. It is an error to suppose

that heavy infantry or cavalry columns will

be massed on future battle-fields ; on the

contrary, the troops are more likely to be

moved in open order, and with an extended

formation, to enable them to use with

greater effect the improved weapons of the

present day. We shall have shallow forma-

tions combined with a rapid system of light

infantry drill. Against such an order of

battle the fire of shrapnel will tell with
deadly effect. On the other hand, if con-

cussion fuses are found to be most effective

against troops in column, there is nothing
to prevent their use with shrapnel shell.

Having heard the arguments on both sides,

the moderate party may be supposed to draw
the following conclusions : Shrapnel shell,

when served with deliberation, is, doubtless

more effective than segment shell under cer-

tain conditions. On the other hand, the

segment shell fitted with a concussion fuse

is always ready to hand, and is certainly

more simple and decidedly cheaper than

shrapnel. Probably two segment shells,

with a simple concussion fuse, could be
bought at the price of one shrapnel. Again,

segment shells, when fired with concussion

fuses, have proved themselves very formid-

able projectiles against abattis, guns, stock-

ades, and troops under the cover of low

walls and breastworks. It is very improb-

able that the leaden bullets of the shrapnel

would have much effect in cutting to pieces

the wheels of gun carriages or the struts of

a stockade. We have fired segment shells

with concussion fuses in real warfare, and
all the officers who have used them, or wit-

nessed their use, speak most highly in their

praise. It is notorious that both the Rus-
sians and Prussians look on shrapnel shells

with disfavor ; even the x\ustrians, who use

a pattern almost identical with our own, are

said to have considerably reduced the pro-

portion of shrapnel carried by their field

batteries. Now, this course has been adopted,

not from the results of a fire against inani-

mate two-inch wooden planks, but against

warm flesh and blood; and, although we
may have our insular prejudices on follow-

ing or regarding the opinion of foreigners,

we should proceed with due caution and do

nothing hastily. The Boxer shrapnel is an

admirable projectile, and we are justly proud

of the inventor, but will it satisfy all the

requirements of service ? If we adopt an

exclusive employment of shrapnel, are we
right, and all the rest of the world wrong ?

On the other hand, suppose both are right,

would it not be advisable to have some of

both projectiles ? No doubt by adopting this

course we shall please neither the thorough

going Segmentite nor the rabid Sprapnelite
;

but what then ? We have no personal inter-

est in either Sir Wm. Armstrong or Colonel

Boxer beyond a sincere admiration for the

talents of both. Our object is to adopt the

best projectile we can for the service, irre-

spective of its maker. Which would it be

best to have—shrapnel, common shell and

case ; or shrapnel, segment shell and case ?
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LONDON STREET RAILWAYS.

From a paper before the Inventors Institute by Mr.
Thos. Measam, A. I. C. E.

After mentioning the successful attempts

of Mr. Train and others to establish street

railways in London, and describing the routes

of the three roads now projected, in all 6^-

iniles of double and 6§ miles of single line,

the author says : The early tramways
appear to have been constructed in the

following manner : Gross sleepers of timber,

some 6 ft. long, and varying from 6 in.

to 8 in. square, were fastened, by tree-

nails or other means, 4 ft. apart. Up-
on these planks two wrought-iron angle-

plates, about 4 in. wide, and 1^ in. thick,

were firmly secured. This construction evi-

dently affords ail the mechanical advantages

that are derived from tramways of more
recent date. The tramways laid down by
Mr. Train, in 1861, in London and else-

where, and which were similar in construc-

tion to the most improved trams then in use,

and which continue largely to be in use in

some of the principal cities of the United

States, consisted of two wrought-iron plates,

each 5 in. wide, weighing 50 lbs. to the yard,

and bent at near the center to a depth of | in.

below the general level of the road. These

plates were fixed to longitudinal timbers,

embedded on concrete, and the gauge of the

line was that of ordinary railways—4 ft. 8^
in. These trams proved dangerous and ob-

structive. The construction of the improved

tramways now proposed is as follows : For
single lines of tramway, two flat wrought-

iron plates, each 3| in. wide, weighing 40 lbs.

to the yard, with an indented channel 1^ in.

wide, and f in. deep, placed on one side of

the center line of the plates, are to be fixed

by bolts, or otherwise, to longitudinal timbers

of the width of the plates placed at such dis*

tances apart as to give 4 ft. 8.^ in. for the

gauge of the line. The timbers are to be em-

bedded in concrete 9 in. deep, and are to be

of 6 in. or 9 in. in depth, according to the size

of the pitching used for the roadway. Tie-

bars of thin wrought-iron, connecting the

longitudinal timbers, are proposed to be plac-

ed at intervals of 4 ft. The space between
and on either side of the tramways is to be

paved with granite pitching. In the case of

double lines, the intermediate way between
the trams is to be 4 ft. wide, and the whole

space from 11 in. on either side the outside

rails, equal to 17 ft. is to be paved the en-

tire width. In other respects the double

Vol. I.—No. 9.-52.

line is of identical construction with the

single tramway. The estimated cost for

the paved single tramway is £6,000 per mile,

and for the double tramway £12,500 per

mile. Another form of rail (known as the

" crescent rail ") has been used for tramways
to a limited extent, but it is considered much
inferior to the rail before described, and is

not likely to be much adopted. It consists

of a curved plate of wrought-iron about 2<?

in. wide, and weighs 24 lbs. to the yard.

—

The grooves for the flanges of the wheels are

partly formed by the granite pitching, which
cannot but be considered a very imperfect

contrivance. In the American system of

tramways the longitudinal timbers are tied

together by 4 in. planks instead of with iron

bars, the planks being placed under the

longitudinal timbers. In other respects the

American tramways vary but little in con-

struction from the tramway described. The
rails first used were similar in form to

Train's rail, and were now in a great meas-

ure superseded by the improved rail. The
carriages proposed by the London tramways
are to weigh 33 cwt. The length of the

body of the carriage is to be 16 ft. ; the

width over all, 6 ft. 8 in. They are to carry

fifty passengers, and are to be so constructed

as to give 1 ft. greater space between the

seats than is given by the omnibuses now in

use. The maximum rate of fare is to be

one penny per mile for distances above three

miles, and 3d. is to be the least fare. The
rate of traveling, including stoppages, is to

be six miles per hour.

Tramways, said Mr. Measam, would doubt-

less give easier traveling and more com-

modious conveyances than are to be obtain-

ed at present, but here—excepting that the

tramway companies are to maintain a portion

of the public roadway over which they pass

—the advantages of tramways seem to cease.

It is surmised that a line of carriages pass-

ing to and fro every three or four minutes

in one undeviating line, claiming priority of

way, and scattering the general traffic, can-

not but be productive of annoyances, to say

nothing of the obstacles which the rails may
cause. It is much to be doubted, Mr.
Measam thought, whether all the disadvant-

ages resulting from Train's tramway were

alone due to the rail used by him—which, it

must be remembered, had been in use for

some time in the United States—or whether

they were not, in a great measure, insepara-

ble from the working of the tramways on a

roadway of mixed traffic. Further objections
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to the introduction of tramways start up in

the form of difficulties put in the way of con-

necting houses in their line of route with the

gas and water mains and with the sewers.

But the chief objection to street tramways
as proposed to be introduced seems to be,

that individuals acquire privileges and rights

in the public highways not possessed by the

community at large, and that the public pro-

perty is appropriated for the use and trading

purposes of private speculators. Although
some strong measure was necessary to destroy

the existing monopoly in metropolitan street

passenger conveyance, to bring this about by
so great an interference with the public

rights as the permitting of individuals to

construct permanent works on the public

highways, is a remedy likely to produce
worse evils than those it is intended to re-

move.

There is another consideration in favor of

tramways, however, and that is the reduction

of friction resulting from their use. On a

good paved road the force of traction is about
24 lbs. for every ton weight of carriage, in-

cluding, of course, the load. On a tramway
it may be taken at 8 lbs. per ton, giving a

mechanical advantage to the tramway on
level surfaces of 3 to 1. On inclines the

advantage rapidly decreases, and on a gra-

dient of 1 in 20 (which it is believed, is the

steepest incline there is on the proposed me-
tropolitan tramways) the difference of the

force of traction on a tramway as compared
with a paved road is only as 117 to 100.

Practically, it may be considered that a

horse on a tramway will do the work of two
horses on an ordinary road. The practical

advantage of street tramways, therefore,

seems to resolve itself into the fact that the

same amount of traffic can be conducted at

one half the expenditure of horse power
necessary on an ordinary road. This ad-

vantage is purchased at the cost of the con-

struction of the tramways, and the main-

tenance of a large portion of the highways.

The estimated cost of the tramway from
Whitechapel to Stratford is £45,000, ex-

cluding coach-houses, stabling, etc. The
annual expense of maintaining the highway
the company is bound to keep in repair, as-

suming the cost at one shilling per yard,

would be about £1,600. On the other hand,

assuming 120 horses to be the number re-

quired for conducting the traffic, there would
be a set-off against the above specified ex-

penditure of the value of this number of

horses. Considering that commodious car-

riages are not necessarily restricted to the

railway system, the omnibus proprietors need
not much fear the rivalry of the tramway
companies. That tramways are the best

suited for omnibus traffic none but omnibus
proprietors would deny, and if a portion of

the public roads is to be set aside for omnibus
traffic, no better mode of conducting it than

by tramways could be devised ; but consider-

ing the different kinds and the large amount
of traffic that has to be accommodated, and
the various uses to which the public roads

are necessarily applied, Mr. Measam con-

sidered it would be more generally advant-

ageous to restrict the construction of tram-

ways, as has hitherto been the rule, to such

roads as their promoters have an exclusive

right to use.

In the discussion which followed the read-

ing of the paper, the chairman said that

with regard to the metropolis, tramways
were unsuited to the wants of the traffic at

large, although they might advantageously

be adopted in such wide thoroughfares as

were to be found on the Surrey side. In

Cheapsidc trams would be out of the ques-

tion. He was practically acquainted with

the working of Train's tramway, however,

and he was bound to say that there was not

the slightest ground for saying that any ac-

cident was caused by the projection (| of an

inch) of his rails. There was no such thing

as the breaking of good axles by going over

the rails, but four or five people were speci-

ally paid to take broken-down carriages with

bad axles and bad springs, and drive them
over and over the rails until they inevitably

had a " smash." There was no mechanical

difficulty in the way of making tramways

succeed, but the Legislature would (the

chairman thought) be better advised if they

gave powers to make increased thoroughfare

accommodation rather than to construct tram-

ways. Mr. (x. W. Reid, from America, said

that on that continent there were 10,000 or

15,000 miles of tramway at the present time.

In Boston, a city built on exactly the same

model as London, with narrow winding

streets, tramways were laid in all the prin-

cipal streets, and worked with perfect success

in thoroughfares not wider than our own
misnamed Broad-street City, and there was
not one street in Boston in which the trams

were laid down wider than Cheapside.

Where the streets ran parallel and contigu-

ous to each other, the " up " line was carried

along one street, and the " down " line along

another. Mr. Greaves, as engineer to one of
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the schemes just sanctioned by the select

committee, adverted to the excessive cost

entailed in getting private bills for public

works through Parliament, and said that

(seeing that tramways were undoubtedly
public boons) he did not see why vestries

and local boards should not lay down these

trams. They had the power to pave the

roads in what manner they pleased ; then
why not make a portion of the paving to

consist of iron trams with grooves in them ?

STEAM ENGINE PERFORMANCE.

Messrs. Farey and Donkin have recently

made some remarkably thorough and com-
prehensive experiments in this direction,

which are quoted and discussed in the Lon-
don papers. The following are the particu-

lars and the comments of " Engineering" :

Experiments by Mr. Farey and Mr. B. Donkin, jun.,

upon a Double- Cylinder Jacketed Condensing-
beam Steam Engine of 30-horse power nominal,
constructed by Messrs. B. Donkin and Co., Ber-
mondsey, London-

Dimen- (Diameter of cylinders 24 in.] Stroke of
sions of J and 13fV m -> havinS strokes I crank
engine.

|
respectively 4 ft. 6 in. and 3 (4 ft. 6 in.

I ft, 3§ in. )

Indicated horse-power, taken with

)

four indicators, diagram taken every
half hour, work very constant

Pressure of steam in boiler house by
mercurial gauge, taken every half

hour, kept very constant, mean...
Pressure of steam in engine house

taken every half hour, mean
Duration of experiment 10 hours.

Revolutions of engine per minute, by ) 39 40 .

counter, mean speed )
"'

Vacuum in condenser by mercurial

gauge, mean 27 in.

C3 ( ( Going in from a deep }

artesian well quite >

constant )

Coming out, taken \

photographically >

mean )

Degrees of heat put )

into condensing wa- >

ter or rise )

g ( Quantity of water per \
s

I
min., measured over I

5{ a tumbling bay 6 in. >

5-' wide, height record- I

{ ed photographically, J

^ ( Lb. -degrees per min., )

§ or units of heat 408.- > 14,920 lbs.

g, 32 lbs.X36.54° .... >

~u{ Lb. -degrees per min. \

2 per indicated horse- ! ,,, fi7
,v

14 920 '
6—'-°' 1DS>

4G.21 HP.

40.9 lbs.

40^ lbs.

5? Z' < g

P»2
a

<R

O P ^

uq vj - -1
""-J5 a "

-^ o

p fl-
^ p I ^_

I-1 S3
co 2"
Ci B
CO ?"

2 B,fl

53°

89.54°

36.54°

• 408.32 lbs.

power

SI

CD .X

7 P

so » ? Taken every quarter hour,

g 3 J hour, mean 207 c

fi

8» S
P,vj

Total pounds accurately

J>
weighed 1,783^ lbs.

Pounds per minute 2.97 lbs.

B
1^
fs

iff
1 p

^ ! Taken every ten minutes,
3

J"

mean 74^

1,204 lbs.

8.72 lbs.

11 tol

84

67°

76°

30 in.

40.21

S (Total water evaporated in

§ ! pounds 10,404! lbs -

g.
j
Pounds per hour 1,040.4 lbs.

<<
(. Pounds per minute 17.34 lbs.

Description of boiler ; vertical tubular.
Total quantity of coals burnt, accur-

ately weighed (quality of coals

—

"Welsh, but very inferior, great deal
j

of dirt, shales, cinders, and clinkers J
Pounds water per pound coal burnt, or >

efficiency of boiler with this coal . . $

Pounds coal per LHP. per hour 2.61 lbs.

Pounds water evaporated from tem- > .79 *-. lh
perature of 74|° per LHP. per hour $

~'j0i 1DS "

Expansion with steam cut-off at about i

•j^th stroke in small cylinder, allow- !

ing for passages and clearances, 1

about )

Number of indicator diagrams taken,

four always taken simultaneously,
two at top and two at bottom of the r

two cylinders J
Temperature of outer air, fine day ....

Temperature of steam-engine house, >

mean $

Height of barometei

Tallowed cylinders twice, 1| pints tallow used,

also 1 pint of oil for all other parts.

This same steam engine indicated, when running
empty, including cold water pump, was found to

take 3| indicated horse-power.
Other experiments on this engine gave a result of

about 300 pound-degrees at ^th cut-otF in the high
pressure cylinder, instead of 323 pound-degrees at

lVths.
In this experiment the vertical boiler evaporated

only 8.72 lbs. water per pound of inferior Welsh
coal, but in other experiments on the evaporative

power of this boiler, when using a better quality of

Welsh coal, and evaporating double the quantity of

water in the same time, the result was 10.01 lbs.

water per pound coal, with feed water at 61° tem-
perature. Had this been the case in the above ex-
periment, the quantity of coal consumed would have
been 1\ lbs. of coal per indicated, horse power per

hour.

The trial was conducted throughout with

great care, four engineers being employed
to take indicator diagrams simultaneously

from the upper and lower ends of the two

cylinders every half hour ; while a fifth en-
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gineer checked the registration of the pho-

tographic apparatus by noting every quarter

of the hour the rate of flow and temperature

of the water from the hot well. A sixth

engineer observed the boiler pressure, and

kept account of the weight of coal used

;

while a seventh measured the quantity and

temperature of the feed-water, and an eighth

recorded the quantity and temperature of

the water drawn from the steam jacket.

The results above recorded are of great

interest, and by analyzing them we shall be

enabled to show approximately the manner
in which the heat generated by the combus-

tion of the fuel is disposed of. In the first

place we may assume that, as the coal was

of inferior quality, it would not, on an aver-

age, be capable of yielding more than about

13,500 units or pound-degrees of heat per

pound consumed ; and as the rate of con-

sumption was almost exactly 2 lbs. per min.,

we may fairly take 27,000 units of heat per

minute as the gross quantity of heat theo-

retically available. The quantity of water

evaporated per minute is given as 17.34 lbs.,

this water being converted into steam at a

pressure of 40.9 lbs. above the atmosphere.

The total heat of steam at this pressure is

1,201.6, or, say, 1,201 }2
Q

, and as the feed-

water was supplied at a temperature of 74-^°,

each pound of water in being converted into

steam would absorb 1,201-^-74^ =1,127 units

of heat ; and the total amount of heat thus

absorbed per minute would be 1,127x17.34
= 19,542.18, or, say, 19,542 units. Again,
if we assume 24 pounds of waste gases to

be evolved from the furnace per pound of

fuel burnt, and further assume that the

specific heat of these gases is .24, and
that they were discharged into the chimney
at a temperature of 400° above that at

which the air was supplied to the fire (all

fair assumptions), we get 2X24X .24x400
= 4,608 units as the quantity of heat car-

ried off per minute by the waste gases. We
can thus approximately account for the heat
generated per minute by the combustion of

the coals, as follows :

Thermal
units.

Heat absorbed by the generation of steam, 19,542
Heat carried off by waste gases 4,608
Heat lost by radiation, imperfect combus-

tion, etc 2,850

Total 27,000

Of the 17.34 lbs. of steam produced per
minute, 2.97 lbs. were condensed in the

steam jacket and discharged as water at a
temperature of 207°. Of the steam thus
condensed in the jacket, each pound thus
gave up 1,201.6°— 207° =994.6 units of
heat, and multiplying this number by 2.97
we get 2,953.962, or, say, 2,954 as the
number of units of heat per minute given
up by the steam jacket. The weight of
steam admitted into the cylinders of the en-

gine (supposing no condensation to have
taken place on the way from the boiler)

would be 17.34 — 2.97 = 14.37 lbs. per
minute, and as the steam was ultimately

discharged into the hot-well as water, at a
temperature of 89.54°, each pound must
have had abstracted from it on its way
through the engine 1,201.6—89.54 = 1,112.

06, or, say, 1,112 units of heat. We thus
have 14.37 X 1,112=15,979.44, or, say,

15,979 units as the quantity of heat given
out per minute by the steam during its pass-

age through the engine, and adding to this

the 2,954 units given up by the steam jacket,

we have a total quantity of 18,933 units

per minute to be accounted for.

It will be noticed that the quantity of

heat just mentioned is less by 609 units

than that absorbed in the generation of
steam, this deficit being caused by the water
being drawn off from the steam jacket and
discharged from the hot-well at higher tem-
peratures than it is supplied to the boiler.

Thus the 2.97 lbs. of water withdrawn from
the steam jacket had a temperature of 207°,

or 207 — 74^ = 132^° higher than that of
the feed; and 2.97 X 132.5 = 393.525, or,

say, 393J units are thus accounted for.

Again, the condensed steam in the hot-well

had a temperature of 89.54°, or 15.04°

higher than that of the feed, and multiply-

ing this by the weight of steam passing into

the hot-well per minute, we get 15.04><14.-
37 = 216.1248, or, say, 216 units thus dis-

posed of, a quantity which, added to the

393g units above accounted for, gives 216
-j- 393J = 609J units, or half an unit more
than the deficit above mentioned. The dis-

crepancy of half unit is of course due to

the decimal parts of an unit being neglect-

ed in our former calculations.

To return now to the 18,933 units of heat

per minute, which have to be accounted for.

In the first place, as the engine was develop-

ing 46.21 horse-power, 46.21 X 33,000 =
1,524,930 foot-pounds of work were being
performed per minute, and dividing this

number by 772 (Joule's equivalent), we get

1,975 as the number of pound-degrees or
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units of heat transformed into work. Next,

it will be seen, on reference to the report of

the experiments, that 408.32 lbs. of water

were discharged from the hot-well per niin.,

and subtracting from this quantity the 14.-

37 lbs., resulting from the condensation of

the steam passed through the engine, we get

393.95 lbs. as the actual quantity of water

which was raised in temperature 36.54°
;

and 393.95X36.54 =14,394.933, or, say,

14,395 units of heat per minute are thus

accounted for. We may thus say that the

18,933 units of heat per minute were dis-

posed of as follows

:

Thermal
units.

Converted, into work 1,975
Imparted to condensing water 14,395
Lost by radiation, etc 2,563

Total 18,933

The summary is a very striking one. It

shows that even in an engine of thoroughly
good design and workmanship, working with

what is considered a very low consumption
of fuel, but about 10.4 per cent of the total

amount of heat parted with by the steam is

converted into useful work, whilst rather

over 76 per cent is imparted to the condens-

ing water, and about 13^ per cent lost from
radiation and other causes.

TEST OF AGRICULTURAL STEAM
ENGINES.

A correspondent of " Engineering," un-

der the head of "Steam Cultivation and R.
A. S. E. Prizes," writes as follows

:

That steam cultivation is approaching

success, no one who has watched the various

phases it has passed through can doubt, but

up to the present moment it can scarcely be

called triumphant, and the reason seems to

me simple. Horse work upon a farm con-

sists not merely of ploughing and cultiva-

ting, but also of a vast amount of cartage in

drawing out manure, bringing home crops,

taking produce to market, and bringing

back lime and other artificial manures from
the railway station. Now until a steam
engine is able to do the heavy part of this

work, in addition to ploughing, none but
large and wealthy farmers or rich amateurs
will be able to enjoy the luxury and the

benefit of a steam plough. For a steam en-

gine to be a thoroughly economical farm
implement, it must, in fact, be able to exer-

cise economically three distinct functions.

1

.

It must be suitable to drive thrashing

and other farm machinery.

2. It must be able to plow and cultivate

efficiently.

3. It must be a good and handy traction

engine, able to draw heavy weights along

the roads, and to haul out manure during

dry and frosty weather, to suitable central

positions on the farm.

But up to the present time we have no

engine that will perform these three things

economically. We have engines that will

do two of them, but none that will do all

three. Aveling and Porter make a very

efficient although heavy traction engine,

which will also drive farm machinery, but

they are non-plussed when they come to

ploughing. Fowler and Co., Garrett and
Sons, and Howard & Co., make good enough
ploughing engines, which will also drive or-

dinary farm machinery, but they are beaten

when they attempt to work as economical

traction engines.

The Royal Agricultural Society of Eng-
land must move onwards, by offering a pre-

mium for an engine which shall subserve all

three purposes. But unless the conditions

on which the award is to be made be very

carefully considered, the object will not be

attained.

It must be evident to any one that the

prime cost of the machinery is a very mate-

rial element, but unless some data are given

to fix the cost, an unscrupulous maker may
call his engine such a power and at such a

price, and when he comes to supply others,

may give a totally different machine. Here-

tofore it has been the custom to talk of en-

gines as being so many horse power, but

when one comes to ask what this horse

power is gauged by, we are generally told

that the size of the cylinder is the criterion.

Now there could not be a more fallacious

guide. An 11-in. cylinder is usually called

a 12-horse engine, and by the best makers

that size of cylinder will be put on to a

boiler having 240 square ft. of heating

surface, and will be called a 12-horse en-

gine, for the best makers allow about 20

square feet of heating surface for each nomi-

nal horse power. Again an 8-in. cylinder

is usually called a 6-horse engine, being

about half the area of the 11-in. cylinder,

and if both cylinders work at the same
speed, no doubt the large cylinder will do

about twice as much work as the small one.

But suppose we put an 8-in. cylinder on to

a 12-horse boiler (240 square ft. of heat-
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ing surface), and drive it twice as fast, the

small cylinder will then do rather more work
than the large cylinder. Would it not be

folly, then, to call that engine a 6-horse en-

gine, simply because we had changed the

cylinder ? But it may be said, why not

drive the large cylinder fast also ? The re-

ply is very simple : the boiler would be una-

ble to supply it with steam because a cer-

tain area of heating surface will only

evaporate a certain quantity of water econo-

mically.

It is plain, then, that the heating surface

in the boiler is the true test of the power
of an engine, and if it be agreed by all that

20 square ft. of heating surface shall be de-

nominated 1-horse power, then the engineer

who can develop the greatest amount of

useful effect out of that extent of heating

surface, is the most successful engineer ; and
the man who can produce an engine at the

lowest prime cost in proportion to the work
done is the cheapest engineer. But here

another element drops in. If an engineer

is reckless of the quantity of coal that he

uses, he can so dispose his heating sur-

face as to make it evaporate much more
than it would do if it were arranged to ab-

sorb the principal portion of the heat devel-

oped by the combustion of the coal. There-

fore, the quantity of coal used in proportion

to the work done should also enter into the

calculation, for coal is an expensive article.

The quantity of water, too, is a matter of

great moment. 1 lb. of coal well managed
will evaporate about 10 lbs. of water, and
when an engine is working as a traction en-

gine far from home, or as a ploughing engine

on a steep and dry hill-side, it is quite pos-

sible that to supply it in such situations

with water might actually be as expensive

as to supply it with coal. If, then, one en-

gine will work for a whole day with, say,

400 gallons of water, and another engine

doing the same amount of work requires

1,000 gallons, surely that ought to be con-

sidered in awarding a prize.

Weight, too, is another element. A very

heavy engine is difficult to move about over

farm roads and along soft headlands ; and
if it breaks through the skin of a cross

country road, it will often involve its owner
in very unpleasant disputes.

The extreme width, too, of the engine

ought to be limited. Few farm-gates are

more than 8^ ft. in the clear. Now Messrs.

Howard's engine, I believe, is 8 ft. 9 in.

wide, and to pass such an implement through

an ordinary farm-gate is impossible. Messrs.
Aveling and Porter's engines are, I believe,

8 ft. 2 in. wide, and to guide those through
an ordinary farm-gate is plainly a work of

difficulty. Such wide machines, too, are

very awkward on country roads, where they

have to pass wagons, carts and carriages.

The B. A. S. E. might easily name a maxi-

mum width, which no manufacturer intend-

ing to compete should exceed ; 7 ft. seems
to me ample to cover everything, and if a

manufacturer cannot produce a good engine

not exceeding that width, he had better give

way and allow men of greater ingenuity to

take his place.

It is pretty plain, too, that any engine to

be useful for ploughing or traction purposes

should be able to go up and down steep in-

clines without uncovering any portion of the

heating surface that is exposed to severe

heat, for it is extremely dangerous. An en-

gine, when ploughing, may have, for many
days to be working up or down an incline of

1 in 8, or even steeper. Now, if an engine

be so constructed that with the ordinary

supply of water its firebox would be uncov-

ered upon such an incline, it is plainly unfit

for its work.

It. appears to me, then, that the Boyal
Agricultural Society might lay down as a

sine qua non:

1. That each engine intending to com-

pete shall be capable of working as a plough-

ing: engine, as a traction engine, and as an

engine for driving ordinary farm machinery.

2. That no engine shall compete if, when
working up or down an incline of 1 in 8, it

uncovers any portion of its firebox to a less

depth than 4 in. of water at the shallowest

point.

3. That no engine shall compete if it is

wider at any point than 7 ft., and to prevent

this width being only temporarily dimin-

ished by decreasing the breadth of the

wheels, no engine should compete if each

driving wheel of the engine be less than \\
in. broad for each ton weight of the engine,

when loaded with 10 hours' coal and 2 hours'

water. That is to say, a 10-ton engine

must have 15-in. driving wheels at the least.

If these matters were once agreed upon,

then it seems to me that the goodness of

each engine in each particular department,

if I may use the word, could be determined

by allotting to it so many points, and which-

ever engine gained the most points would

gain the first prize, just as in a competitive

examination for the Indian Civil Service.
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In making the actual trials, I think that

two will be enough, for if an engine works
cheaply and well as a ploughing engine,

and also as a traction engine, we may safely

assume it will be an economical engine for

driving ordinary farm machinery. But in

trying an engine with its cultivating machi-
nery, it is a question whether it should be

tried both with a plough and with a cultiva-

tor, or only with one of them. It seems to

me that the plough is the implement most
thoroughly understood by farmers, and is,

therefore, the fairest implement by which to

test the success of steam cultivation ; for if

it works the plough well, we may safely as-

sume it will work the cultivator equally
well.

In trying the engines as ploughing en-

gines, each should have a plot of three acres

given to it, the choice of plots being deter-

mined by lot. Then the engines and the

ploughs being all in their places, the fires

should be thoroughly drawn at a given sig-

nal, and the valve opened to bring down the

steam to the pressure of the atmosphere.
When this was done, and the judges had
satisfied themselves that the fires were thor-

oughly drawn, and the steam pressure run
down to that of the atmosphere (a watch-
man being placed at each engine) accurate

account should be taken of the height of

water in each boiler, and the quantity of

water in each tender, a certain weight of

coal, and a small quantity of wood and
shavings should be given to each engine, and
at a given signal the fires should be lighted,

and the trials should commence, time being
duly marked. As each engine finished its

task, time could be again taken, and the re-

sults deduced as follows

:

1. Divide the weight of soil moved in an

hour by the square ft. of heating surface in

the boiler.

2. Divide the weight of soil moved in an
hour by the gallons of water used.

3. Divide the weight of soil moved in an
hour by the number of men employed ; two
boys, provided they are really doing boys'

work, to count as one man.
4. Divide the weight of soil moved in an

hour by the lbs. of coal used.

5. Divide the weight of soil moved in an
hour by the cost of the apparatus

Each of these things to count one point

to the winner, and whichever engine gains

most to have the first prize, and the next
the second prize. But if any engine gains

four out of the five points, that engine to

get a gold medal and the first prize, and the

next engine to get only a third prize. Or
if any engine gains all five points, such en-

gine to get a gold medal and sole prize, no
other prize being awarded.

In trying the engines as traction engines,

I should be inclined to make them start

cold and draw a load over a given piece of

ground, up a steep incline, say, 1 in 12.

Whichever engine first brought its steam
up to a given pressure should gain one point,

and after each engine had drawn its load

(of such weight as its owner might fix upon)
along the given distance I would decide the

trial as follows

:

1. Divide the net load by the time, the

winner to gain one point.

2. Divide the net load by the square ft.

of heating surface, the winner to gain one

point.

3. Divide the net load by the lbs. of coal

used, the winner to gain two points.

4. Divide the net load by the gallons of

water consumed, the winner to gain two
points.

5. Divide the net load by the weight of

the engine, the winner to gain two points.

6. Divide the net load by the cost of the

apparatus, engine, and tracks, the winner to

gain two points.

This makes eleven points in all, and if

any engine should gain the whole it should

receive a gold medal and sole prize, or if

any engine should gain ten out of the eleven,

that engine to have a gold medal and the

first prize, and the next engine a third prize

only. But if no engine gained so many as

ten points, then the engine which gains most
to have the first prize, and the next highest

to have a second prize.

To prevent disputes as to what should be

considered the net load, it should be ar-

ranged that the total load drawn by the en-

gine, exclusive of its oion weight, should be

considered the net load, for if you attempt

to deduct also the weight of the truck which
carries the load, trucks would be used in

trial far too light for practical farm work,

and our object is to get not a racing engine,

but one suitable for ordinary farm work.

As to pressure, it has been the custom
heretofore to limit this to 50 lbs. above the

atmosphere, which seems to me an unrea-

sonable limit. When we have locomotives

working at 150 lbs. and 180 lbs., why should

a farm engine be limited to 50 lbs ? As far

as danger is concerned, 50 lbs. is quite as

i
dangerous as 180 lbs., for every good engi-



792 VAN NOSTRAND'S ENGINEERING MAGAZINE.

neer makes his boiler in proportion to the

strain. At all events, a pressure of nine

atmospheres, or, say, 120 lbs. on the square

in. above the atmosphere, might be recog-

nized ; but each competitor might be called

upon to declare the dimensions and sub-

stance of the various parts of his boiler, and

the species of iron used, and if by calcula-

tion the breaking strain is found to be less

than six times the maximum declared work-

ing pressure, then let the engine be dis-

qualified.

If engineering and agricultural newspa-

pers, too, would take up this matter and
ventilate it, we might hope to see some pro-

posal made for the trials in 1870, which
would stimulate fresh engineering talent to

enter the agricultural arena. A good manu-
facturer of railway locomotives would be a

formidable competitor to all existing agri-

cultural engineers.

THE BLAST FURNACES AT MIDDLES-

BOROUGH.
From the " Mining Journal."

There are now fifty-two blast-furnaces in

operation in the immediate neighborhood of

Middlesborough, besides ten more in course

of building ; there are about nine more of

small dimensions, 45 ft. high, which are dor-

mant, and are not intended to be again used.

Besides these there are in the Tyne, Durham,
and Whitby districts, thirty-eight furnaces in

blast, two building, and sixteen not in use,

giving a total of one hundred and eighteen

blast-furnaces in the north-eastern district,

either at work, or will shortly be available

for the production of pig-iron. Of the fifty-

two furnaces in the neighborhood of Middles-

borough, their height varies from 60 to 85

ft., and their diameter is proportionately

large. As an instance of economical man-
agement in the production of pig-iron, the

blast-furnaces at Eston Junction, worked by
Bolckow, Vaughan, and Co., maybe cited as

having adopted the latest mechanical appli-

ances calculated to economize labor and
reduce the cost of production. There are

five furnaces at Eston Junction, 85 ft. high

;

the make of each averages about 350 tons of

iron per week ; one occasionally makes up-

wards of 400 tons per week. Hot-blast is

used in every furnace in the district. There
are five kilns for calcining the ore. One
kiln will supply ore sufficient for one fur-

nace. Each kiln is 21 ft. in diameter, 45 ft.

high, having a circular frame-work of |-in.

iron plates, and 18-in. lining of fire-brick

inside ; these are of sufficient strength to

carry a locomotive road on the top of them.
One ton of coal is required to calcine 40 tons

of ironstone. The calcined ironstone falls

direct into the barrows from the bottom of

the kilns, on raising the sluices placed for

stopping the outlets, so that the labor of
filling with shovels is saved. Behind the

kilns are erected the gantry, about 45 ft.

high, where the hoppers for storing coke are

made. There are two hoppers, holding 600
tons each. The coke is let out as required by
sluices, made at different parts on the un-

derside of the hoppers, and runs direct into

the barrows. A good deal of coke is thrown
loose besides into stock, but it is no doubt
more economical to stock it in hoppers only.

The limestone is obtained at Forcett, and is

tipped from the same gantry into stock, from
whence it is taken to be broken by hand
labor ; this could be done to advantage by
machinery. The calcined ore, coke, and lime-

stone are now to be raised to the top of the fur-

naces ; this is effected by water-balance ma-
chinery. There are two lifts for the five

furnaces. Water is forced up to a tank at

the top of each lift. There are two car-

riages for each lift ascending and descend-

ing, the cistern in the descending carriage

being filled with water to raise the ore, coke,

etc., in the ascending one. This is the usual

method of lifting materials in this district,

but Sir W. Armstrong's hydraulic machinery
is in operation at the Clarence Works. Com-
pressed air is used at Linthorpe and Tees
Side furnaces, and a steam-engine and in-

clined plane are used at Acklam furnaces.

The blast-engines in the Middlesborough
district, are of various forms ; there are

several of the beam, connecting-rod, and
fly-wheel type ; a few of Slade's patent slide

cylinders. Those lately erected are prin-

cipally of uniform size and construction
;

they are on the inverted-cylinder principle,

are supported on cast-iron framework, and
occupy a small space. Steam-cylinder at

top 30 in., blowing-cylinder below 66 in.

diameter, 4-ft. stroke ; beneath this the

piston-rod and connecting-rod extend to the

fly-wheel shaft, on which two fly-wheels, and
an eccentric work, the shaft being being on

a level with the floor. These engines go

from 40 to 50 strokes per minute, and one

of them is capable of supplying a large fur-

nace with blast at a moderate speed. There

are small engines, usually placed in the same
house with three or four blowing-engines, for
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forcing water to the tanks on the engine-

house and at the top of furnace lift. It

should be observed that where locomotive

power is not used to bring materials to the

top of the calcining kilns, and coke and
limestone to the gantry, this is effected

sometimes by a vertical lift, where steam or

compressed air is the motive power ; the

wagons, after being tipped or discharged, are

dropped down at the opposite end of the

gantry and the row of calcining kilns ; as

these are placed usually all in one line, with
a double road on the top for the transit of

the trucks from one end to the other ; this

is a very compact arrangement on a level

surface. In a few cases these materials are

raised by an inclined plane and steam-engine

to the top of the gantry.

The steam-boilers used in the district are

nearly all of the same type. Some of these

have been 20 years in existence, at work
night and day. The boilers are plain

cylindrical, 70 ft. by 4| or 5 ft., slung from
five cast-iron arched girders, by three straps

from each girder, attached to an angle-iron

piece riveted to the boiler. The blast-

furnace gas is now always used to heat these

boilers, the flue being a single straight one

under each boiler to the chimney-flue. In
some cases the gas is sufficient to heat both
the boilers and hot-blast pipes. In many of

the works, however, coal is used in addition.

"Why this is so I am unable to explain. The
blast-furnaces being closed at the mouth, the

gases are brought down into large wrought-
iron cylindrical tubes, lined with fire-brick.

In two cases the gases are brought down to

an arched culvert, made underground, and
from that distributed to the various blast-

stoves and boilers. The pressure of blast

maintained is 3^ to 4 lbs. The tempera-

ture of blast is from 1,000° to 1,100°. A
great part of the economy of these blast-

furnaces is clue to the high temperature of

the blast, and their great height. The dif-

ference in consumption of coke is so marked
as to have caused the abandonment of

furnaces 50 ft. high, and erecting others

in their place, 70 feet high and up-

wards. The large production is obtained

from their great diameter. An improved
boiler is used at Newport Works : it has one
tube ; the gas passes through this, and re-

turns under the boiler, giving much more
heating surface than that before described.

The whole of the boilers in the district are

covered either with bricks and mortar—an
air-space intervening between that and the

boiler—or they are covered in a few cases

with a patent composition. Each boiler is

fitted with two safety-valves, two floats, two
sludgers, one float, with whistle, dial, and
pointer.

The blast is heated generally in the com-
mon ^-shaped pipes, but at Ormesby Works
the blast is heated by Siemens", stoves ; these
are giving satisfactory results. The air

after passing for two hours through one
heated chamber is diminished in tempera-
ture at its exit only 100°, and is then trans-

ferred to another chamber. The Cargo Fleet
blast-furnaces are run off every eight hours.

A large furnace at Norton runs off the metal
both in front and back at each cast every
12 hours. These are some of the principal

features of the blast-furnace economy of this

district ; it is evident that large outlay is

required for these immense structures, the
engines, and mechanical appliances, but the
result is to make the manufacture a more
profitable one with the present process.

COMPOSITION OF SEWAGE.

THE LONDON SEWAGE—WHAT IT IS AND
WHITHER IT GOES.

From "the Engineer."

By "sewage" is commonly understood any-
thing that flows through a sewer. But the

contents of a sewer are generally very com-
posite in their character. Sewage absolute

is comparatively extremely small. Apart
from water supply, rainfall, and subsoil

water, an average individual contributes to

the sewers at the rate of only a little more
than a quart per day, solid and fluid together.

Dr. Parkes, in his standard work on "Prac-
tical Hygiene," gives the daily fcecal matter
at two ounces and a half, and the urinary

matter at forty ounces. In bulk this would
be about 73 cubic inches. In round numbers
this would amount in the course of a year to

one hundred gallons, or a thousand pounds,

or very nearly sixteen cubic feet. Reckon-
ing the population of London at 3,000,000,

the yearly amount of absolute sewage would
be 48,000,000 cubic feet, equal to 300,000,-

000 gallons, or 1,339,300 tons. To this we
will add in the first place, the rainfall, as

distributed over the area of the metropolitan

district. In his evidence before the Select

Committee on the Sewage of the Me-
tropolis in 1864, Mr. Bazalgette gave
the area of the district as 116 square miles,

with an average annual rainfall of twenty-
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four inches. But of this quantity the same
authority reckoned that a proportion ranging

from one-half to two-thirds would never

enter the sewers, being lost by evaporation

and absorption. Accordingly the rainfall

Avhich mingles with the sewage may be
estimated at ten inches per annum over the

116 square miles, or, in round numbers, 72,-

000,000 tons, equal to 2,580,000,000 cubic

feet, or 16,125,000,000 gallons. With a

population of 3,000,000, this will give for

each individual an annual average of 860

cubic feet, equal to 5,375 gallons, or twenty-

four tons. In the next place we come to the

water supply. In 1867 the water companies

supplied London with an average of 98,600,-

248 gallons per day, of which about 81,038,-

800 gallons were used for domestic purposes.

A daily allowance of thirty gallons per head
would be just 90,000,000 gallons for a

population of 3,000,000. We may fairly

take this as the quantity going into the

sewers, equal, therefore, to 5,268,000,000

cubic feet, or 147,000,000 tons, being at the

rate per head of 1,752 cubic feet per annum,
equal to 10,950 gallons, or 49 tons, leav-

ing the brute creation—horses, cows, don-

keys, dogs, etc.—out of the reckoning.

We thus form an^idea as to the contents of

the London sewers. The effect of the rain-

fall is probably under estimated. Much of

the absorbed rainfall may be considerered to

find its way ultimately into the sewers by
percolation through the brick-work. It is

also probable that the area which contributes

rainfall to the London sewers is larger than

the space referred to in Mr. Bazalgette's

evidence.

Returning now to our figures, we observe

that while each individual contributes to the

contents of the London sewers at the rate of

nearly 1,000 lbs. per annum (less than half

a ton), this is supplemented by 24 tons

of rainfall and 49 tons of water supply.

Reckoned daily, these quantities become

42| oz. of absolute sewage, 147 lbs. of

rainfall, and 300 lbs. of water supply. The
total yearly average per head is 73.4 tons,

equal to 2,628 cubic feet, or 16,425 gallons,

the daily average per head being 7.2 cubic

feet, equal to 45 gallons or 450 lbs.

Reckoning that an acre of water an inch

deep will weigh 100 tons, the unmixed
sewage of London for one year will cover

a space of 10,000 acres to the depth of

an inch and a-third. But the proportion of

rainfall which we reckon as entering the

sewers would cover an equal area to the

depth of 6 ft., while the water supply would
cover such an area to the depth of more
than 12 ft. A man walking through the

sewage would scarcely do more than wet the

soles of his boots ; whereas the estimated

portion of the rainfall would cover his head,

and the water supply would leave him 6 ft.

under. If to the proportion of the rainfall

we add the water supply, we find that, where-
as the unmixed sewage of the year covers

10,000 acres to a depth of only an inch and
a-third, the sewer rainfall and the water
supply combined will cover the same space

to a depth of 18 ft. Thus, in the case of

London, that which is commonly called sew-

age has only one part in 164 composed of

pure human sewage, the remainder being

rainfall and water supply. So far as the

yearly average exceeds seventy-three tons

per head of the population, the absolute sew-

age may be considered as undergoing a dilu-

tion even greater than the foregoing. The
discharge from the metropolitan outfall at

Crossness is often considerably in excess of

this quantity. In the week ending May
29th, the daily discharge at Crossness was
238,840 cubic meters, or about 238,000 tons.

Taking the population of the southern area

at 1,100,000, this would show more than

48 gallons per head, or at the rate of

nearly 80 tons per head per annum. In
that week the rainfall was 1.12 in.

So great a degree of dilution might make
it appear that London sewage was a very in-

nocent thing. But it must be remembered
that absolute sewage is an extremely power-

ful agent. The foecal matter of the metro-

polis from human sources alone is equal to

more than 209 tons per day, or 76,000 tons

per year ; in addition to which the urinary

matter amounts to 3,348 tons per day, or 1,-

222,000 tons per year. With all this there

goes down a large amount of rubbish and
detritus from the roads, as well as refuse

fluid and material from manufactories. Ac-
cording to the present system of metropolitan

drainage, the sewers discharge themselves

into the river, the Metropolitan Board of

Works providing that there shall only be

two outfalls—one near. Barking Creek, and
the other at Crossness. As yet the former

is not in complete operation, owing to the

unfinished state of the northern low level

sewer. On the south side the works came
into full operation some time ago. We have,

therefore, to consider the probable effect of

casting the enormous mass of the London
sewage into the Thames at the points in-
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dicated. From the Barking to the Cross-

ness outfall is nearly two miles in a direct

line. The Thames Conservancy Board, as

far back as June, 1867, complained that ex-

tensive sewage shoals were being formed in

the bed of the river. The report of their

engineer, Mr. S. W. Leach, showed that

near the northern outfall a space of more

than 40 acres, and near the southern outfall

of about 120 acres of the bed of the Thames
was covered by a deposit of sewage mud,
having a depth- in some places of fully 7 ft.

" The character of the mud," says Mr. Leach,

"shows clearly enough whence it has come."

Dr. Letheby examined some samples of the

deposit, and fully confirmed the opinion ex-

pressed by Mr. Leach. " The mud in each

case," said Br. Letheby, " was black and

foetid, and in a state of active putrefactive

decomposition." When examined with a

microscope, it was found to consist of

"broken-up sewage matter, with the remains

of myriads of animalculae, and a large quan-

tity of carbonate of lime in a partly crystal-

line state." The presence of this last-named

ingredient in an unusually large proportion

was cited by Br. Letheby as evidence that

the alkaline constituents of the sewage were

"decomposing and precipitating the calcare-

ous constituents of the water, and thus add-

ing to the filth of the deposit." On the at-

tention of the Metropolitan Board being

called to these allegations, Mr. Bazalgette

replied that the mud deposits in the Thames,

over a range of about two and three-quarter

miles in the vicinity of the outfalls, had in

certain places undergone an increase of

983,000 cubic yards between the years 1864

and 1867 ; but in certain other places along

this range of the river there had been a de-

crease in the mud deposits to the extent of

about 923,000 cubic yards, leaving the net

increase, therefore, only 60,000 cubic yards.

Mr. Bazalgette considered this " a very small

increase in the total quantity of deposit."

But it is equal to 1,620,000 cubic feet, or

something more than the entire quantity of

foeeal matter cast out in the space of seven

months. At that date the outfalls had only

been in operation for three or four years, and

for a considerable portion of that time very

partially. "What is the present state of

affairs may be soon known from the report

of Mr. Kawlinson, who has been instructed

by the Home Secretary to inquire into the

condition of the river near Barking, the

inhabitants of that locality having long ago

memorialized the Government on the subject.

The article quoted then goes on to show that

there are evidences of the salt and sewage of

the Thames permeating the bed of the river

and contaminating the wells of water works
on its banks, as at Crossness. As this is of

merely local interest we do not quote it.

Steel Bails.—The gradual increase in

the price of iron is indicated, not merely

by the current quotations, but by the mul-
tiplication of blast-furnaces. In the Cleve-

land district an unusually large number of

new furnaces is being erected ; and although

the production will be thus increased, it will

probably be some time before prices will

again fall. The gradual tendency to an in-

crease of wages, caused, in part by an un-

usually strong disposition on the part of

large bodies of workmen to emigrate, must
tell also in the price of rails. In the mean
time, notwithstanding the approaching lapse

of Mr. Bessemer's patents, the steel rail

trade continues good, and numbers of com-
panies who have decided to employ steel in

place of iron, and who must have rails, of

some kind, immediately, are ordering freely

in steel, the Great Northern Company being

now in the market for a thousand tons. The
untrue assertion, so industriously repeated

in certain interested quarters, that the royal-

ty will be diminished by <£2 per ton after

February next, is now understood in its true

character ; and railway companies perceive

that even were there no general rise in prices,

the diminished royalty will not be more than

18s. or 19s. a ton on that now in force, and
of this the companies cannot expect to

secure even a half.

—

Engi?ieeri?ig.

UTILIZATION OF BUST-FURNACE SLAG
FOR MORTAR.

Compiled and Translated from an article in " Zeit-

schrift des Vereins Deutsoher Ingenieure."

When, in the preparation of mortar,

granulated or ground blast-furnace slag is

used in the place of sand, a much smaller

quantity of lime is necessary to make a well

binding mortar, an advantage which is of

great importance for many districts. Most
blast-furnace slags, containing alumina, lime

and silica in certain proportions, are dis-

solved by acids, the silica only being pre-

cipitated in a gelatinous state. The same

takes place when natural cement is treated

with acids. Blast-furnace slag, like tarrace

and cement, contains silica in a condition in
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which it is liable to enter new chemical

combinations. Silica, in the shape of sand

or of quartz, forms, likewise, a chemical

combination with the lime in mortar ; but

only when they have been in contact for a

long time. The principal reason why this

sand-mortar gets hard, is that the lime com-
bines with carbonic acid taken from the air.

As this combination takes place but slowly

from the outside, mortar gets hard at first

on the surface, the interior remaining soft

for some time. If blast-furnace slag of a

certain composition is used, the mortar gets

hard more rapidly and through its whole
mass, because the lime combines with the

silica, in the same way as this is the case

with tarrace (a kind of puzzolana) or with

cement.

Thus mortar, made from blast-furnace

slag and lime, hardens :

1. By the formation of carbonate of lime,

as ordinary mortar does, and besides,

2. By the formation of chemical com-

pounds of silica and lime.

These reactions are aided and quickened

by a repeated contact with water and air.

As mortar made from slags hardens quicker

and more thoroughly, it does not require

near so much lime and produces a more
solid mass when hardened. When blast-

furnace slag is ground fine it acts consider-

ably better yet in the mortar, and can then

be used even as a substitute for tarrace. It

is then, also, a good material for plaster-

ing-

We communicate in the following the re-

sults of experiments, made by a committee

of experts, at the Friedrich Wilhelm Iron

Works (Prussia), under the direction of Mr.
Langen, for the purpose of discovering the

qualities and relative value of different ma-
terials used in the preparation of mortar

and cement

:

On the 17th of October, 1861, a number
of samples of mortar were prepared from

different mixtures, to be tested afterwards

when hardened. The materials used were,

1. Fresh calcined lime from Ruppichte-

roth.

2. Rhenish tarrace, just received.

3. Ordinary sharp sand, as used for ma-
sonry.

4. Granulated slag, in pea-size.

5. Fine ground slag.

6. Portland cement of Bonn.
Different mixtures of mortars were pre-

pared from these materials, and small square

blocks, 5 in. wide and 2^ in. high, were

formed of them in wooden moulds. One-
half of these test-blocks were exposed to

the air, the other half were laid in wet
ground for several months.
On the 12th of March, 1862, the samples

were inspected, and were tested as to their

solidity and resistance to pressure. The
pressure was applied through a lever ar-

rangement. The weight was increased very
slowly, and the pieces had to withstand for

some time the pressure of a certain weight,

before the latter was further increased.

The results were the following :

A.—RESULTS OBTAINED WITH SEVEN
SAMPLES, HARDENED IN THE AIR.

1.

11.

3.

7.

10.

13.

Mixture.

1 lime.

2 sand.

1 lime.

\\ tarrace.

14 sand.

1 lime.

3 gro'd slag.

1 lime. (

5 gro'd slag. I

1 lime.

2 gro'd slag,

l^granl. slag.

1 lime.
l-i gro'd slag.

li granl. slag.

Pure Portland I

cement with- 1

out any sand f

or lime. J

Results of Exterior

Inspection— Ap-
pearance and
Hardness.

The sample look-

ed and had hard-

ened like ordinary

mortar

Considerably har-

der than No. 1. ..

Considerably har-

der than No. 11.

Structure fine and
dense

Harder than No.
3. Equally fine and
dense structure..

.

Harder than No.
7. Structure less

fine; the big grs.

of slag distinctly

visible.

Slightly harder
than No. 10.

Structure similar

to No. 10

w&

Very hard

.

1,980

7,380

17,820

32,400

21,420

15,080

41,400
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B. -RESULTS OBTAINED WITH FIVE SAM-
PLES, HARDENED IN WET GROUND.

12.

14.

Mixture.

1 lime.

1 tarrace.

li sand.

1 lime.

3 gro'd slag.

1 lime.

1^ gro'dslag.

1^ granl. slag.

1 lime.

5 granl. slag.

Pure Portland
cement witho't

sand or lime.

Appearance and
Hardness.

Not very hard .

,

Considerably har-
der than No. 12.

Structure fine and
dense

Harder than No.
4. Structure less

fine

Harder than No.
14. Structure fine

and dense

Very hard

5,600

11,700

11,580

25,200

42,800

The above results show that granulated

or ground blast-furnace slag is a very valu-

able material for ordinary and for cement
masonry, and that in the property of form-

ing a very solid mortar, it stands in the

middle between tarrace and Portland cement,

being considerably superior to the former.

The tests of the samples No. 7 and 8 prove
that a great saving of lime can be effected

by the use of slag. Ground slag has, there-

fore, a much higher value than the best

sand. It looks and acts like cement, and
shows the same kind of greasiness when
mixed with fresh slacked lime. It would
be a very valuable ingredient to mix with
Porltand cement, to make the latter cheap-

er, and thus bring it into more extensive

use. S.

Paper Belting.—Messrs. Crane & Co.

of Dalton, Mass., have succeeded in

making belting from paper, and the article

is now used in all their own mills and several

other manufacturing establishments. The
belting is said to resemble the genuine oak-
tanned leather, and to serve well both in a
dry or damp atmosphere.

HEATffiG^UMACE BOILERS.

From " The Engineer."

It is more than probable that as much
steam is raised in Great Britain alone dur-

ing each year, in small boilers, as would cost

£150,000, if coal were specially burned to

generate it. Furnace boilers may be counted
by hundreds, if not by thousands ; nearly
all the iron we make in this country is smelt-

ed, and hammered, and rolled principally by
the aid of steam raised from the waste heat
or waste gases of our puddling, heating, and
blast-furnaces. It might be supposed that

everything would be known as to the gen-

erate powers of boilers so extensively used ;

while all that concerns their construction

would have been settled on the best principles

long since. Vet, strange to say, this is very
far indeed from being the case. We have
recently had occasion to investigate the sub-

ject pretty closely, and we find that the ut-

most ignorance, and probably, as a conse-

quence, the greatest possible diversity of opin-

ion, exists on almost every point connected

with furnace boilers. No one, for example,
appears to know how much steam five, ten,

or a hundred square feet of heating surface

in a furnace boiler should generate in an hour.

An engineer putting down new works must, as

far any written law goes, be absolutely in the

dark. He can of course servilely copy what
has been done by other engineers ; but it by
no means follows that he will of necessity ob-

tain the same results. Boilers put down in

apparently nearly the same way in different

districts, manifest different powers of evapora-

tion. This is bad enough, but when we
turn to questions connected with the safety

and durability of boilers, we find them still

worse. Boilers are—we believe through

ignorance—so badly designed, badly made,
and badly set that explosions are of every

day occurrence. Shall we say too much if

we assert that the boiler engineering of our

great iron districts is a disgrace to our pro-

fession ?

The causes leading up to this result may,

we think, be easily indicated. If once fair-

ly examined we also believe that it is quite

possible, that means may be found to raise

furnace boiler engineering out of the slough

of despond into which it seems to have fallen.

One reason, then, why the most is not made
of the furnace boiler is that it is always re-

garded as a matter of the most secondary

consideration. The first point is that the

draught of the furnace must not be inter-
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fered with. The boiler must be fitted to

the draught, not the draught to the boiler.

This is all right enough in one sense, and

we willingly admit that when a boiler is used

the heat in the stack cannot and should not

be as great as though the products of com-

bustion were thrown directly into it. But
on the other hand, no one expects the pro-

ducts of combustion to escape from the flues

of a furnace boiler at 300 or 400 degrees of

temperature. The heat in the first instance

is infinitely greater than it is in the flue of

a Cornish boiler, let us say, and therefore

even after a large proportion has been absorb-

ed much must still remain for the stack. Is

it not possible that by lengthening stacks a

little it would be practicable to make furnace

boilers somewhat more economical than they

are ?

Another reason why furnace boilers are

not what they should be, lies in the fact

before referred to, that no one knows
how much steam any given boiler can make.

No one can tell whether a furnace boiler of

given construction is better or worse than

another furnace boiler of totally different

construction ; so long as the iron gets hot

soon, every one is satisfied except the manu-
facturer, who has to pay some thousands of

pounds a year for additional steam raised in

hand-fired boilers, and this while flame

enough to raise twice as much steam as he

gets out of these last-named boilers, is pour-

ing from the throats of his re-heating and

puddling furnaces. No one knows howmuch
steam can be got out of a furnace boiler, be-

cause no one seems to have tried to know.

In most ironworks all the boilers are coupled

together, and the demand for steam in dif-

ferent parts of the mill is so very variable

that it is next to impossible to say how much
is being used, or how much is being made
by any particular boiler. The only way to

settle the pdint is to select two or three of

the best types of furnace boiler, attach a

good water meter to one of each type, and
conduct a series of observations lasting over

a month to determine how much water is

really evaporated per foot of heating surface.*

We are convinced that a great field for

improvement lies in the designing and con-

struction of boilers to work with heating

furnaces, and of heating furnaces to work
with boilers. The sooner the matter is taken

up, ventilated, and discussed, the better.

At this moment keen competition has redu-

ced the profits of the ironmaster so low that

he has no money to waste in rising steam.

Can none of our correspondents in the min-
ing and ironmaking districts aid us to throw
some light on the subject ? Every scrap of

authentic information is of value as tending

to form a nucleus round which other facts

may gather. Few subjects deserve more at-

tention than furnace boilers at this moment,
and we shall be pleased to hear what our

practical readers have to say for and against

particular types of boiler. A free discussion

of the subject will be certain to do good

;

and such a discussion we hope to see started

in our correspondence columns.

* This is a recommendation of the highest impor-
tance, and we hope it will be followed up in this

country. We have recently got at some approximate
results as to the evaporation in a boiler 30 ft. long,

and 50 in. diameter, with two 17-inch flues, when used
over a furnace heating steel rail ingots. The evapora-
tion was only about one quarter as much as in the
same style of boiler set in a battery, Cornish fashion
and fired in the ordinary manner.

—

Ed. V. N. M.

ARCHITECTURE CONNECTED WITH
STRUCTURES OF CIVIL ENGINEERING.
From a Paper read before the Society for the En-
couragement of the Fine Arts, June 10, by Thomas
Page, C. E., Acting Engineer of the Thames Tun-
nel, and Engineer of the New Westminster and
Chelsea Bridges.

Considering that so many hundreds of

millions of money have been expended in

these kingdoms in works of civil engineer-

ing, and that in too many cases these works
have not been distinguished by that archi-

tectural knowledge which has never been
neglected in past ages, and very rarely in-

deed on the Continent, it is not surprising

that the Council of a Society for the En-
couragement of the Fine Arts, having before

them the great examples of bygone days,

when works of utility were coupled with

artistic treatment, should draw attention to

this subject at the present time, with the

object of promoting a union of engineering

science with the most severe of fine arts

—

viz: architecture.

During many ages the various kinds of

works now appertaining to the civil engineer

were executed by architects, and, as you are

aware, the fii*st architects were the kings and
priests of the early ages. The constructors

of the moles of Tyre and Sidon, the harbor

of Alexandria, the port of Ostia, and all

such undertakings, which were especially

works of utility, were in reality done by en-

gineers who were nominally architects.

When, in process of time, these works of

ultility increased in number and variety, in
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consequence of the extension of commerce
and manufactures, they were entrusted to a

class of men named civil engineers, to dis-

tinguish them from the military engineers,

whose duties were those of attack and de-

fense, while the former were engaged in the

construction of roads, bridges, harbors, light-

houses, docks, and other hydraulic works,

with their engines and machinery ; and,

lastly, on railways, of which about 14,800
miles have been executed in the United
Kingdom.

The profession of the civil engineer is one

of great importance in all progressive na-

tions, and its members should be worthy of

a calling which has numbered among its mem-
bers the kings and priests of early ages, the

Pontifex Maximus of the Romans, and the

Christian Popes, the Caesars, the Roman
generals, and those succeeding them, down
to the Great Napoleon, the offspring of the

French Revolution, and the present talented

Emperor, who, trained some time in England
in the school of adversity, now occupies the

throne of the French Empire, and exercises

a controlling power in the European States.

In this country, the origin of the profes-

sion of civil engineers has been well defined

in the preface to the reports of the eminent

engineer, John Smeaton (the engineer of the

Eddystone Lighthouse). These reports were
published in 1812, and and although of great

interest to persons who regard the profession

of the civil engineer as an object of study,

need not be further alluded to than in the

following sentence.

The memoir states :
" Civil engineers are

a self-ereated lot of men, whose profession

owes its origin, not to power or influence,

but to the best of all protection, the encour-

agement of a great and powerful nation ; a

nation become so from the industry and
steadiness of its manufacturing workmen
and their superior knowledge in practical

chemistry, mechanics, natural philosophy,

and other useful accomplishments." From
this rapid but preliminary sketch, I now
come to the artistic division of the subject

—

" Architecture connected with structures of

civil engineering," and I would draw your
attention to the fact that the greater the

dimensions of the structure, provided the

outlines are graceful, the less the effect which
can be produced by architectural decoration,

because the mind, impressed by the vastness

and beauty of the outlines, by the leading

features of the structure, regards in a less

degree those architectural features which in

structures of minor importance are so pleas-

ing. As an illustration of this idea, I will

refer to two buildings which you may all

know—viz : the beautiful Water Gate of

Inigo Jones, now at the river end of Buck-
ingham-street, Adelphi, and the noble struc-

ture of London Bridge, the work of the

great engineering family of the Rennies.
Every detail in the Water Gate is well worthy
of study, and produces a most pleasing effect ;

but in the great structure of London Bridge,

although the dentiled cornice and the simple
parapet are so well adjusted as to form a
most successful example of architectural ap-

plication well worthy to be imitated, yet the

size and proportion of the arches and piers

are such that the architectural details are

almost lost in the vastness and majority of

the whole.

Referring back to the early works of utili-

ty, I would state that among the works of

the Romans of an engineering character may
be especially named those great aqueducts
which supplied such volumes of water into

Rome and other cities of the extended
empire. These structures of essential utili-

ty were rarely devoid of architectural treat-

ment. In some, the masonry was rusticated,

the arch stones being plain, in others pilas-

ters spring from the first tier of arches, as

in the aqueduct of Merida in Spain. The
division of the height of the aqueduct into

arches upon arches, not only secured stabili-

ty in structures so narrow, but formed a
pleasing architectural effect, and a series of

arches of a lesser span surmounting the

whole, on which was carried the channel for

the water, formed as it were an ornamental

attic story, examples of which were given in

the Aqueduct du Gard, that of Theodoric at

Spoleto, and others. The practice of in-

troducing small arches in the highest story

of the aqueducts is followed by the architects

of France as may be seen in the noble struc-

tures of Roquefavour, of recent construction,

and that of Montpellier, of the last century.

There are two structures of early times to

which I would especially refer on account of

their lofty proportions. These are, the

bridge at Alcantara, constructed in the reign

of Trajan, and the Aqueduct of Spoleto, at-

tributed to Theodoric, the truly great Gothic

King of Italy, who died a. D. 526. The
bridge, or " Alcantara," was constructed

over the Tagus, in a depth of 40 feet of

water, A. D. 105 ; and its height above the

level of the river is 245 feet, making a total

height of 285 feet, which is 80 feet higher
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than the towers of Westminster Abbey. It

is to be deeply regretted that one of the

arches of this noble structure was blown up

by the British army in June 1810, when
Marshal Victor menaced to cross the bridge.

As to the Aqueduct of Spoleto, there are

various accounts of its height. Some state-

ments, among which is that of Gauthey, as-

sign to it an elevation of 130 meters, while

others state that it does not exceed 82 meters.

The immense aqueduct which supplied Car-

thage, and of which Dr. Davis, the explorer

of Carthage, and author of the work " Car-

thage and Her Ruins," has given a photo-

graph in the frontispiece of his work, is 60

miles in length.

The character of the architectural treat-

ment of an engineering work must of course

depend upon the outline and style of the de-

sign. In a suspension bridge, the architec-

ture of the piers is difficult, because so few
forms will harmonize with the curve of the

chains. In the design of the Chelsea Bridge,

the piers consist of iron frames protected by
an ornamental casing ; each is surmounted
by a large globe as a lantern. If any pro-

fessional architect will examine the mould-
ings of the Chelsea Bridge, he will be pleas-

ed, I think, with their form and certainly

will admire their execution.

But it is not, in suspension bridges, how-
ever noble and beautiful, as in the Menai
Bridge, constructed by the great engineer

Telford, so well known for his practical

knowlege and his taste, that we must seek

for the artistic feelings which this society

desires to encourage. It is in the application

of the arch, which in general can be applied

under all circumstances, and which so well

admits of architectural treatment. I have
spoken of London Bridge, Waterloo Bridge,

and Southwark, and I would now refer you
to two designs of my own—one for Black-
friars, which was selected by the Committee
of the Bridge House Lands for adoption,

and the other is the approved design for

Westminster Bridge. As the two designs

are widely different, the treatment of them
will explain my ideas of " Architecture con-

nected with structures of civil engineering.''

The great spans of the segmental arches

of Blackfriars, the center arch of which is

280 feet, require piers of proportionate thick-

ness ; these are terminated above the cut-

waters by massive pedestals of polished

granite, intended to have been obtained from
the quarries in the Ross of Mull, on part of

the estate of the Duke of Argyll. These

pedestals are surmounted by groups of sculp-

ture selected from events in British history,

which, in their elevated position, would have
been seen with a sky outline, a condition so

important for the best effect.

The imposing sweep of the arches renders
ornament almost uncalled for, and so the

spandrels only have an ornamented character,

in which is introduced the River Cod and
the armorial bearings of the City of London ;

the cornice is simple, and the parapet plain.

In Westminster Bridge, on the contrary, the

arches are of moderate span, the center be-

ing only 120 feet, although the radius of

curvature is 250 feet, which would, with the

same material at the' crown, be sufficient for

a semicircular arch 500 feet in span. The
piers are narrow, the arches spring from a

horizontal line, and sweep gently towards
the center in an easy curve. This curve in

the design was struck by my hand, and my
assistants were directed to find what figure

it was, when it was ascertained that it was a

curve parallel to an ellipse. The arches, as

you are aware, are not pointed arches, and
it was therefore denied that the bridge

is a Gothic bridge, but the arches on
the tomb of Henry V. in the Confessor's

Chapel at Westminster Abbey are elliptic

arches, and there are examples of elliptic

arches even in Norman architecture.

In such a design, then, as Westminster
Bridge, it was consistent that the spandrels,

cornice, and parapet, should be of an orna-

mental and heraldic character, and accord-

ingly it bears in its spandrels and the panels

of its pedestals the Royal Arms of the Un-
ited Kingdom—those of the lamented Prince

Consort ; of the Prince of Wales, and the

Ministers and Chief Commissioners of Her
Majesty's Works who held office at the time.

Instead of the massive pedestals of Black-

friars, Westminster shows a delicate and
finely-worked pedestal, surmounted by the

lamp standards.

To Westminster I may add the Lendal
Bridge at York, of a still more ornamental

character, and in which the angel which sup-

ports the Royal Arms in the center of the

ai'ch, was copied from the portrait of the

Princess of Wales.

The beautiful Point du Carrousel at Paris,

the work of the engineer M. Polonceau,

claims our admiration as a cast iron struc-

ture, and I need not say that Paris offers

many examples of stone bridges treated in a

masterly, artistic style, which do honor to

the taste of the Emperor.
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To determine the ornaments and mould-

ings for a work of the civil engineer, must
depend upon great knowledge and refined

taste ; the buildings of the crypts, such as

Westminster and Lambeth, for heavy works ;

those of Henry III, where admissible, ac-

cording to the proportion of the arches, are

most fitting ; if in designs, where the Tudor
arch is introduced, then the mouldings of

that age. And I may here state that of all

works where science and art are wonderfully

combined, there has been no work before or

after its time more wonderful than that ex-

traordinary construction, the gem of Gothic

architecture, the roof of the Chapel of

Henry the Seventh. You must ever keep
in view that the progress and perfection of

artistic designs are the results of great and
powerful minds, and that the employment of

mediocre persons without knowledge and
without taste, however wealthy may be the

practitioners, must ever be a retardation to

progress and discreditable to the country.

CONDENSATION IN STEAM ENGINES.

By M. E. Couste, Government Director of Manuf.

Translated from " Annales du Genie Civil."

(Continued from page 624.)

In the surface condenser, the feed water

being distilled and condensed, without ming-

ling with cold water, there can be no back-

pressure due to the gases ; consequently, in

the general equation (No. 5), we must cancel

the terms relating to that part of the back-

pressure. There is also no injection water,

and the term affected by \i 2 is, therefore,

equally canceled.

Equations of work in the surface con-

denser.—Taking into account these modifi-

cations, Eq. 5 becomes adapted to the sur-

face condenser in the following form :

T cs =

(q (650

L [(P-

)
+ 3/

/)
1

(1— cos

• (13),
\ R3

r a'

in which /3 = ; for here, even more than

in the injecting condenser, the heat absorbed

by the condensed water may be neglected.

For metallic surfaces well cleaned we
have Eq. (8).

a' = - a ( a — bh

Since a is the mean temperature of the

interior surface of the condenser and varies

between and 6, ( 6 = the temperature of

Vol. I.—No. 9.-53.

steam as it enters at the pressure )

we may put

e — e

Since b is the mean temperature of the

exterior surface of" the condenser, if the

water is rapidly circulated (a matter very
essential to the good performance of the ap-

paratus), we may admit b to be equal to the

mean temperature of the water, both at the

entrance and exit. As the interior surface

is always covered with a very thin layer of

stagnant water of condensation, and the ex-

terior surface, notwithstanding the renewal

of the water, is covered by an analogous

deposit of stagnant water, protected by the

rugosities of the metal, we must allow, ac-

cording to Peclet, that a 1
is independent of

the thickness of the walls, and is simply

a' = k a {a — b)

But for the co-efficient k we cannot now
use the number 19.11 (in the case of a cop-

per condenser), for a wall whose surfaces are

obstructed throughout the operation, since

this co-efficient is applicable only on the

assumption of a perfect renewal at every

instant of the water in contact with the

exterior surface. We must adopt, then, the

co-efficient 1.6, which results from the expe-

riments of M. M. Thomas and Laurens, for

the conducting power of copper under these

conditions.

2. Cass I.

—

Copper condenser with clean

surfaces.—We have, then, for the condenser

with clean surfaces,

T S I
[
(p - /} i4

-. -1- (1 — cos
-f- r z v

g (650 - 0) 1\ ,

3 f
1 u

R 3 r a (a — b) k)

in which expression k == 1.6. We shall em-
ploy k' with a value of 19.11, instead of k,

when applicable to a wall whose surfaces are

constantly washed by water.

3. There is between a and d a necessary

relation, due to a periodical equilibrium,

which we must assume to exist in the con-

denser, for we must consider the action of

this apparatus from the instant at which the

temperature 6 becomes constant. From that

instant the quantity of heat brought to the

condenser by each stroke of the piston, di-

minished by the quantity retained by the

condensed water, ought to pass through the

surface a in a time equal to the duration of

a piston stroke. The quantity of heat

brought by each stroke is q X 650, and the
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quantity to be transmitted is q (650 — 6).

The quantity which the surface will transmit

in a unit of time is k a (a — b) ; and in the

time r, or one piston stroke, r k a (a — b) ;

but in taking into account the retardation

expressed by the co-efficient R s it becomes

Us t o (a — b) k. Hence the equation

g (650 — 6) = R s r a {a — b) k ; and

650— 6 1 1 n .
,

a— b R. k

This equation gives the minimum value a

for a given value of 6. It also clearly ex-

presses this condition of the value of a, that

the act of condensation is simultaneous, both

in its duration and termination, with the

stroke of the piston. If, also, for any value

of 6 the surface is less than this minimum,
the equilibrium will ensue at a normal tem-

perature higher than d. On the other hand,

if the effective surface be N a (supposing

N ^> 1) the work of the condenser will be

less than in Eq. (14), which expresses a

maximum, the effective work now being

N being the ratio of the actual surface to

the minimum surface.

4. Second Case.— Condenser intrusted

on its interior surface.—We will take the

case of a plate of metal of the thickness e,

covered with an incrustation of low con-

ducting power of the thickness n, and having

for a co-efficient of interior conductibility y.

The face A B of the crust is in contact with

the steam and transmits the heat to the me-
tallic plate. This face, then, has the mean
temperature a ; the metallic face C D has a

mean temperature b ; the face E F common
to the metal and the crust will then have an

unknown mean temperature u. The quan-

tity of heat transmitted per unit of time

and per unit of surface of the crust is

1
v

mal equilibrium this quantity is equal to

that which passes through the metal, having

—{u — b)

= 3- (a — u). At the moment of ther-

for its expression —

=

k

Hence

( u — b ) = -1—
( a — u )

Eliminating u
W y

k1

v -f- } e
a, (a— I) or a,=

14-Lj~ k

o, (a-b)

Substituting in Eq. (13) this value a,

T c i, = \ S L
[
(P—/) -*-.

I j
1- cos

| (̂̂ (i+i)j+3/].(l5 )

With the expression for the minimum of
surface

/650 — e\ 1 In , e \

or

/650— 6\ 1 1 . /650— e\

1 (15a)
1 e

R~F' h>

and

Tc5
>
= * SL (^/. w+*f) -(15 *>

5. Third Case.—Condenser incrusted on
the outside.—If the exterior face is alone

covered with a crust of the. thickness e, and
of the conductibility «;, we shall have expres-

sions anologous to Eqs. (15) and (15a), in

which we may replace n by e, and y by K,

make e= 1, whatever the thickness of the
metal, and replace k' by k. Thus,

1
a,' = —1-. aI {a — b).

+
cos.

/650 — e\ 1 / e , 1 \

/650— 6\ 1 1 , /650—0\

....... (16c)

N/+ 3^) (16*)
-/
+ r ' n;

6. Fourth Case.—Condenser incrusted

on both faces.—Suppose a metallic plate of

the thickness e, covered with a crust of the

thickness n, and of the conductibility y on
its interior face (as in § 4), and with another

crust of the thickness e and conductibility k

on its exterior face (as in § 5). Let u and

w be the unknown temperatures of the faces

of contact E F and G H of the metal and
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crusts. During the equilibrium of tempera-
ture the quantity of heat passing in a unit of

time through both of the crusts and through
the metal will be the same. This quantity,

considered as passing through the crust A
B E F, is, according to $ 4,

k'y
k' 7}-\-ye

-• (a— b).

Considered as passing through the crust

C D a H it will be

a, tc .— {w

— (w — b)

and eliminating w,

— b) ; hence,

k' y
k! v -j- / e

{a—b)',

T y^ k1

a„ (a— b)

and the equation of work becomes

(17)

Tc S„ = iSL
j
(P_/)r_^_. ||l

R„T(T,:,(a— b) \ k y k' )y J
S

for the minimum of surface

650— + <7

650 — 6

BTTT e
(
17a

)

°" P q a — b " R
8
r k

1 650 — 6

and

Tc S, = |SL(^=^. -jjr+sjrj (17i)

7. By equations (15a), (16a), (17a), it ap-

pears that if be considered as a constant, and

7] and e as variables, the function a increases

very rapidly in proportion to any increase of

these quantities, for the equations represent

a line or plane making a small angle with

the axis of a, while, as factors, the co-em-

(650-6) 1
d

(650-0)

1

R, Ty
that, if we are considering a given tempera-

ture 9, the surface condenser must have a
,. , 650— 1

minimum cooling surface = q

cients q RS 7 K

are always very large. This shows

- b " R s tk
relative to the incrusted metal. But if we
wish to omit a specific determination of the

influence of incrustations we must give to

the surface a much greater extent than this

minimum value, and one increasing rapidly

with the thickness of the scale. Hence, as

I have shown in § 2, these equations express

a condition of the minimum of surface,

regard being had to the development of

crusts ; and if this minimum ceases to be
obtained by reason of that development, the

temperature 6 will increase until the equa-

tion of the minimum is satisfied.

8. Maximum conducf.ibiiity of the metal.—
Before discussing the equations relating to

the surface condenser, it may be well to ex-

amine an experimental fact, which is very
singular, and appears to be somewhat para-

doxical, but upon the certainty of which
engineers seem to agree. According to

Peclet (who has given a plausible explana-

tion of it by observing that a slight incrust-

ation increases the surface, by reason of the

rugosities which it produces), perfectly clean

metal transmits less heat than when it is

slightly incrusted. We have stated that the

co-efficient of the conductibility of the metal

may have two widely different values, ac-

cording to whether, or not, it is placed in

immediate contact with the heating body on
one side, and the cooling body on the other.

It follows from the experiments of Peclet,

that when this immediate contact takes place

(as when the surfaces of the metal are con-

tinually washed, so that the film of adherent

water is perpetually renewed at every in-

stant), the quantity of heat passing through

the metal in a given time is in an inverse

ratio to the thickness of the metal. But if

there is no such renewal of the adherent

film, the quantity of heat transmitted has no
definable relation to the thickness of the

plate. This is a consequence of the high

conductibility of metallic bodies (the fact is

quite otherwise with bad conductors) ; that

is, in the first case, the quantity is expressed

for a unit of surface and time by k'

and in the second case by k (a — b). In
the case of copper k' is, according to Peclet,

19.11, and according to the experiments of

M. M. Thomas and Laurens k == 1.60.

The difference between the co-efficients k

and k' will furnish an explanation of the ex-

perimental fact which we have stated. The
quantity of heat transmitted by a plate in a

unit of time and per unit of surface is:

(1). In the case of metal well cleaned,

but not washed during the act of absorption :

a 1 — k (a — b).

(2). In the case of incrustation of that

face only which receives the heat

:

a, = ., .

^ (a— b)
' /c'-r- y e.
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(3). In the case of incrustation of that

face only which emits the heat:

'•'

(a— b)

(4).

faces

:

In the case of incrustation of both

k' y k
{a — b)

k\y e rf- k' k T) + y k e

and for copper we have the values

k =1.60 and A:'= 19.11

Generally a' is greater than each of three

other quantities, a,

k' yk(a— bj-

k{a— b)-

k{a— b)-

k' v + >

k k

k £ -f- K

k' y k

and hence

- (a — b) >
(a-b)>0 !- m

(«— 5)>0W y e-\-k' a v -\-y « e

Now it is possible that for certain values

of e and rj these inequalities may change

signs, and this change would be a confirma-

tion of the fact stated. But if these in-

equalities change signs, they must pass

through the value of zero, and conversely

if they pass through the value of zero, they

must change signs. Hence, if we take for

the various cases above the following equa-

tions

k' y
k!

2d case, k—

3d

4th

k=
V -f- 7 e

k k

ke +
k= k> y k

k'y£-\-k'Ki]-\-yKe

we ought to be able, if the fact stated really

exist, to deduce for r\ and e values greater

than 0.

In the second equation e= ; hence, the

fact in question does not appertain to the

case of incrustation of the emitting face

—

a result agreeing well with the explanation

proposed by Peclet ; for, in the case con-

sidered, no incrustation exists upon the wall

which receives the heat, the absorbing sur-

face is in no wise aifected, and it can there-

fore give no maximum of conductibility.

From the first equation we deduce

1

k!

k
This value is positive for e <^

V =7 t
1 - 1

e)
\k k> J

19.11
k'

For copper — = ' = 12, e does not
A; l.o

exceed 2 millim. Hence, the fact in ques-

tion exists only in the case of incrustation

of the face which receives the heat. The
value of 7j resulting from this equation will

depend upon the values of y and e. We
will suppose e=l millim., for the tubes of

surface condensers.

In condensers the scale is a coating

formed by the dust brought in by the

steam, with oxide of iron, oxide or carbon-

ate of copper, oxide of lime, magnesia, sul-

phate of lime, &c. Its coefficient will be
intermediate between the following, given

by Peclet

:

Powdered brick 14

Powdered chalk 108
Iron filings 157
Peroxide of manganese powdered 163

Mean 14

We may therefore make y= .14, giving

for surface condensers

7]= .14 (— — \ = .08 m - m -

'
\1.6 19.11/

le 3d equation we derive

- K {l-l e ~l 7
')

From the 3d equation we derive

1

W
The external crust is formed, generally,

of carbonate of lime and free magnesia, and
presents some analogy to the internal crust.

We may, therefore, put k = y = .14, and
hence

= .14(.57-Jj,)

The nearer r\ approaches in value to zero,

the more nearly does e approach to .14 x
.57 = .08, and in proportion as 7] increases,

£ diminishes, until it becomes zero. There-

fore the thickness of the crust corresponding

to the maximum of conductibility in the sur-

face condenser cannot exceed .08 m m -

It must be remarked here that when s

and 7] vary from the values just assigned,

the second terms in Eq. 19 decrease very

rapidly. By substituting for y, k their value

.14, these terms become respectively

.14 "^

1

7.14 n + I
1

e

14 + 7.14 e-f

.14
+ .14^ 7.14 e -f- 7.14 rj +
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These quantities measure the efficiency

of the condenser, for it is by these quan-
tities that we must multiply the extent of

surface, and the difference of temperatures

(a — b), to obtain the respective quantities

of heat transmitted in a unit of time.

9. Let us now compare Eq. 14 expressing

the work of a clean surface condenser with

Eq. 7 relative to the injecting condenser,

resuming in the latter the co-efficient R.

Replacing the cosine by its value as a func-

tion of its arc, these equations become

1 g* (650 — dfiSL
[(
P /)

X_|_r ^ R2 T, j
(

ffl
_ by

+ 3/] (14a)

[(P-P)

+ 3^] . .

Tcs

1
k

Tci f (650 — ey

l-j-r 4 Rf r2 r- (Q -tf

(7a)

Suppose that the two condensers are

equal in all respects, excepting those ele-

ments which characterize the two systems.

We shall then have

Tea— p S L _ P —p {
a— by l-j-r

"P—/ (Q-tf 1+ r

zf+fi ;
also

'- is evidently <C 1; Jc, the co-efficient
(0-0
for the case of metal cleaned, but having a

very thin film of stagnant water upon its

surface, is necessarily smaller than ^, the

co-efficient of the exterior conductibility of

the water ; for k includes both the effect

expressed by fi and the resistance of the

metal to the passage of the heat. We have

then

Tci—pSL d1 R 8

a

T sc—fS L< 22 ' R
;

2
'

Hence the work due to the retardation of

condensation in the two kinds of condensers

varies more rapidly than the inverse ratio

of the squares of the surfaces a and 2, mul-
tiplied by the square of the ratio of the co-

efficients Ra and R
; , which is less than

unity.

This inequality serves as a measure of the

general superiority in principle of injecting

over surface condensation through metallic

plates, even without considering the effects

of incrustation, which we have partially dis-

cussed. This superiority is very decided
;

1st, because a is limited by the cost of ap-

paratus and by the space it requires, and

because it is constant for a given apparatus,

while 2 can be increased very considerably

without increase of space or power, and can

be varied at pleasure ; 2d, because the co-

efficient R
s , which depends upon the friction

of the steam in the tubes of the condenser

and the resistance of the air in these tubes,

is very small in comparison with R
;
. The

principle of injection ought not therefore to

be abandoned without some absolute neces-

sity, and I shall show hereafter that no such

necessity exists.

(To be continued.)

TUBE SETTING.

From "The Practical Mechanic's Journal."

Were we to go back to the commencement
of the uses of tubes, when the necessity of

their being fixed in series with either air,

steam, or water-tight joints in tube-plates

began to be understood, we should have a

somewhat lengthy, but, nevertheless, inter-

esting history of one most important detail

in mechanical engineering practice to follow

out. We should have to lay down in order

the trials made with " tubulous " as well as

tubular boilers prior to the St. Etienne ex-

periments of 1828, to record the anxious

overlooking and months of heavy toil under-

gone by Henry Booth, Robert Stephenson,

and, we believe, Launcelot Young, in get-

ting the "Rocket" boiler ready for the

Rainhill competition ; whilst in attending to

this branch of tube-fixing alone any record

would be but very incomplete, as it would
leave out of consideration numerous other

cases wherein an effectively fitted tube and
plate-joint have been found essential, as in

the instances of surface condensers, brewery
refrigerators, coolers, et hoc genus omne.

Yet, however much the effective fixing of

tubes has been found an engineering diffi-

culty to can-y out with close regard to econ-

omy, the methods adopted in the several in-

stances which we have enumerated are each

totally different ; and compulsorily so, from

the conditions governing every individual

case.

In the case of a steam-boiler, the joint is re-

quired to remain tight and secure under vari-

ous and, more usually, very high pressure of

steam, at correspondingly intense degrees of

temperature ; to resist which it is necessary

to insure almost atomic contact between the

metal of the tube and tube-plate. Thus,
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expedients are resorted to, whereby intense

permanent local pressure to maintain the

imperative degree of metallic contact may
be derived. In the case of a high pressure

boiler (locomotive, for example, with the

spring balance set to allow the safety-valve

to blow off steam at from 120 to 150 lbs.

pressure per square inch), it is almost im-

possible to secirre by mechanical appliances,

in every case, that degree of closeness of

the joints so that all of them in any given

boiler will be tight ; wherefore it is no un-

usual thing to find that after all the care of

the boiler-smith has been used by driving

conical drifts, and followed up by the (until

lately) nearly universal method of driving

in conical cast iron expanding ferrules, some
40 per cent of the tube joints leak. But a

boiler is self-curative, and we have often

been on a locomotive engine running its trial

mileage, with steam and water bubbling and

hissing out from the tube joints at both fire-

box and smoke-box ends to a highly injuri-

ous degree, yet we have examined the same
boiler a few days, and sometimes a few

hours afterwards, and found the leakage

had stopped. But in the case of surface

condensers, refrigerators, and so on, the

effects of high temperature and rapid corro-

sion through the pressure of a corroding

(i. e. oxidizing) liquid passing very rapidly

over the leaky parts of the metallic joint do

not obtain ; therefore certain kinds of elas-

tic packing, which remain uninjured at low

temperatures have come into use, either of

hemp, flax, india-rubber, or other fibrous or

expansive material ; and these have been,

and continue to be, employed in a variety

of forms.

In the present paper we desire more par-

ticulaidy to direct attention to the methods
and tools employed for fixing tubes in steam-

boilers ; and in every case, except in one

very important example with which we are

acquainted, it is well hereto state that such

fixing is effected by expanding the tube end
to fill the hole made in the tube-plate

;

whilst in most cases of surface condensers

and refrigerators the tightness is secured by
the compression of some elastic packing be-

tween the outer surface of the tube and the

inner surface of the hole or recess in the

tube-plate.

In regard to the fixing of tubes in boilers,

the expansion of the tube end to fit the hole

in the tube-plates was for a long time uni-

versally effected by the mere driving, by
hammer, of a conical drift into the tube

;

and as the holes in the tube-plates were
bored parallel, the tubes could not by this

method be made to thoroughly fill the holes

except at the extreme outer ends, or where
the drift was of maximum diameter ; never-

theless, in moderately pressed, and, indeed,

we have known many cases of very highly

pressed boilers, this method for a long time

was the best known—additional tightness of

the joint being secured by caulking the tube

end and plate whilst the drift was inserted.

Afterwards, to increase the efficiency of

the foregoing method of fixing by drifting,

cast-iron truncated conical ferrules were in-

troduced, so as to maintain a constant out-

ward pressure of the tube end into the tube-

plate hole ; but these were found to be
sources of trouble, producing difficulties in

the way of cleaning the tubes, also consti-

tuting prominences at the smoke-box end,

whereby small pieces of coke, coal, and ash,

which, had the tubes been free from such
obstruction, would have passed through
them, were retained ; therefore, in many
cases wherein the cast iron ferules had been
used, they were abandoned, and return was
made to the fixing by drifting and caulking

alone.

In a steam-boiler a well-fitted tube serves

two purposes, namely, the provision of heat-

ing surface, and it also acts as a longitudinal

stay ; this latter feature has, however, in

many designs for tube-fixing been entirely

over-looked, more especially by French en-

gineers, several of whom have proposed

plans by which the tubes may be removed
for both interior as well as exterior cleans-

ing and scraping ; but these devices are

generally of that order which incurs the ex-

pense of very costly fittings, besides taking

up so much more room in the tube-plate

that the effective heating surface of the

boiler is diminished, through the mere im-

possibility of putting in so large a number
of tubes ; and the tubes, when applied by
such methods, constitute but very inefficient

stays, and for this reason, we believe, have

never been widely applied.

As to the importance of some not yet de-

vised method by which the presently admis-

sible number of tubes in a multitubular

boiler may be maintained, and the tubes

themselves rendered capable of expeditious

removal and replacement, there cannot be a

question ; and the discovery of such a method
promises a sure and certain reward to the

inventor. For, at present, when a tube has

to be removed, it is altogether useless for
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being replaced in the same boiler, because

the ends are generally corroded into chem-
ical unity with the tube-plate, and are bent

and battered about into various tortuous

forms, besides being split in the separation.

Nor is this all the injury done, for it fre-

quently happens that the hole in the tube-

plate is thrown so much out of form by rust

and cutting, that it has to be re-bored—that

is, enlarged—to render it fit for receiving a

new tube. The loss incurred through the

destruction of the tube ends was felt to be

so serious in one factory with which we are

acquainted, that a few years ago the super-

intending engineer proposed to employ a

knife-cutter, working in a lathe, for the pur-

pose of squaring off the ends of the injured

tubes ; and he further proposed to use them
again by putting on a short length of tube

at one of the ends, jointing the two together

by brazing over an interior ferrule. We are

not sure whether the proposal was carried

out extensively, and we even doubt if it

could be economically and with general suc-

cess adopted, for many practical difficulties

appear to us to lie in the way. Of late years

some of the defects to which we have allud-

ed have been partially overcome by the in-

troduction of tools for cutting the ends off

the tubes before they are removed.

To return, however, now to consider the

methods and tools employed for expanding

the ends of the tubes outwards so as to fit

the tube-plate holes.

Some years ago, when the necessity for

doing this in a more rapid manner than by

the " hammer and plug " method was seri-

ously felt, several forms of expanding man-
drels cropped up, some actuated by screw

pressure, and others by hydraulic pressure

;

but all these have now yielded to those

forms of tube expanders in which the ex-

pansion is produced by the stretching action

of a series of rollers revolving inside the

tube and pressed outwards by means of a

central cone. Until quite recently the tool

made by Dudgeon, of New York, was un-

doubtedly the most rapidly acting, and in

all respects the best tool for the purpose

which engineers possessed. Yet Dudgeon's
expander has some defects, amongst which

we may mention the impossibility of pro-

ducing a parallel expansion of the whole
length of the expanded part of the tube, so

as to fit perfectly the hole in the plate, ex-

cept when the central taper mandrel is

driven fully in, so that the parallel upper
end of it bears throughout their entire

length upon the rollers; and whilst the

tube-plate holes may sometimes be of size

to enable the mandrel to be driven in so far,

yet it can only in few cases be so.

Dudgeon's expander, although for a year-

or two now pretty largely used, must, we
are disposed to think, give place to another
form of expanding instrument introduced by
Mr. Thomsom, engineer, of Glasgow ; and
although only a few months before the pub-
lic, this instrument has been made and sold

in very large numbers.
Like Dudgeon's instrument, Thomson's

also consists of a central cone and surround-
ing rollers, Dudgeon's being parallel, whilst

Thomson's are truncated cones. In Thom-
son's expander the taper of the roller lies

opposed in direction to the taper of the

mandrel, and the ratio of taper on each

being equal, necessarily insures that points

in the circumference of the rollers lie paral-

lel to each other ; thus producing a parallel

expansion of the end of the tube so as to

thoroughly fill the hole in the tube-plate.

Thomson's expander being the most recent,

we have thought it desirable, in order to

give additional clearness to our previous re-

marks, to illustrate by woodcuts.

The instrument is made in several forms,

two of which are shown at figs. 1, 2, 3 and
4 ; figs. 1 and 2 being an elevation and plan

of one arrangement, figs. 3 and 4 a vertical

section and plan of another arrangement.
In figs. 1 and 2 the expanding rollers a are

held by circularly dove-tailed heads b in

dove-tailed radially situated recesses c form-

ed in the body A, so that they cannot fall

or be pulled out. Wheu that part of the

instrument which secures the rollers a is

placed within the end of the tube to be ex-

panded, the nut B is tightened on the screw

C against the head of the body A. This
has the effect of drawing the large end of

the central conic mandrel inwards, and it

therefore presses out the rollers a against

the interior of the tube. When they are

thoroughly tightened so as to press the tube

against the hole in the tube-plate, the whole
instrument is rotated in the tube by apply-

ing a winch-handle or wrench to the requir-

ed end f of the central spindle. When the

expansion of the tube has been effected, the

instrument is removed by loosening the nut
B, thus allowing the central spindle to be
pushed inwards, and therefore releasing the

pressure on the cones. In the other form
of the instrument, shown at figs. 3 and 4,

the action is the same as in the preceding,
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but the cones are held in place by the flexi-

ble steel or elastic ring d, "which embraces

recesses in their necks.

Instruments founded on similar construc-

tion to the expander have also been intro-

duced by Mr. Thomson for cutting tubes,

also for withdrawing both ferrules (when
these are used), as well as the short pieces

of tube from the tube-plate, without injur-

ing the holes therein. The tube cutter is

shown at fig. 5 in elevation, and at fig. 6 in

Fig. 1.

end view. The cutting disc a is carried on

an axis in the carriage b, which is hinged

by a bar to the body of the instrument at c.

The body also carries rollers d, and in the

center the taper guide e ; and as the car-

riage b and the cutter a are forced down-

wards upon the guide e by the nut f, the

cutting disc a is forced out against and into

the metal of the tube to be cut. By turn-

ing the instrument round with a wrench ap-

plied at the squared end g, the disc a being

forced out cuts an even indentation all

rourid the interior of the tube, two or three

revolutions being sufficient to cut ordinary

boiler tubes completely through.

The tool for withdrawing ferrules or the

cut-off ends of tubes from tube-plates is

shown in elevation at fig. 7. It consists of

a spindle A having a cone B formed at one
end. A hollow cylinder C, fitted with a

number of claws D, is fixed around the cone

B, so that by tightening the nut E against

the bridge F the cone B is drawn back-

wards ; thus expanding the claws D so as to

catch against the inner edge of the ferrule

G, and by continuing to tighten the nuts IS

the ferule Gr is drawn out.

We have before merely hinted at

one exceptional mode of securing

boiler tubes, based upon the reverse

foundations of what we have hereto-

fore more especially considered ; that

is, the plan of M. Berendorf, of Paris,

and which, we believe, has been pretty

largely used by the firm of Cail & Co.

of Paris. The plan consists in boring
the tube-plates with holes of larger

diameter than the tubes to be insert-

ed ; in the annular space which ob-

tains around the tube when it is in-

serted, a double-coned ring is insert-

ed ; this, on being driven in, acts with

its outward conical face, by filling the

hole in the tube-plate, and the in-

ward hollow cone becomes compress-

ed around the tube end. Berendorf 's

plan is said, in certain cases, to have
answered well, and we know that it

is at present being looked upon at-

tentively by boiler-making firms in

the north. Our opinion of the

method is that it may answer well

for boilers not worked above a me-
dium steam pressure, but it is quite

evident that tubes when so fixed can-

not act with nearly so much efficiency

as stays, as when secured in the tube-

plates by expansion outwards ; and
although the system may
afford more facility in

the removal and replace-

ment of the tubes, which
we fully admit, still it

is quite clear that the

heating surface of the

boiler is reduced, on ac-

count of the space taken

up by the rings prevent-

ing so large a number
of tubes being inserted

in any given dimensions

of tube-plate.

When reviewing cer-

tain methods of fixing
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Fig. 8

tubes, in the foregoing part of this paper,

we confined our remarks more especially to

boiler-tubes. We now propose to consider

what has been done to effect the same ob-

ject in surface condensers.

The methods which have been at differ-

ent times employed for fixing condenser-

tubes may be divided into three general

heads

:

A. In which the packing used is metallic.

B. By means of fibrous packing.

C. By means of elastic media such as

india-rubber.

Method A was proposed and first used by
James Watt for fixing the tubes of his sur-

face condensers, which he at an early date

used in preference to the injection condenser.

We are not informed accurately (so far as

we have been able to ascertain) as to the

precise details of the method by which they

were fixed, but as their upper and lower

ends were secured in cast iron boxes, we
imagine that they must have been expanded

by drifting. Similar condensers, so far as

we can learn, were con-

structed on the Clyde by
Mr. David Napier, about c

1820-21, and about the
"

same period Brunei pat-

ented another form of con-

denser.

Very little importance

was, however, achieved

with the surface condenser

until 1881, when Samuel
Hall turned his attention

to the subject, and eventu-

ally produced such excel-

lent results.

His mode of fixing is shown at fig. 8,

which is a longitudinal section of a tube A
fixed in the condenser tube-plate B. The
hole in the tube-plate B is recessed to a

considerable depth, the recess forming an

annular space surrounding the tube when in

its place, and it is tapped so as to receive

the short screwed ferrule C, which, being

screwed down, compresses the ring of hemp
D into the lower part of the recess. By
this means the tube is not only very effectu-

ally held in the plate, but at the same time

it is allowed to expand and contract freely

without straining either the plate or itself,

whilst, by merely 8 withdrawing the ferrules

at either end of the tube, and picking out

the hemp packing, the tube is left free for

removal. We must remember that this ar-

rangement of Hall's was the first which was

found practically successful. There is no
record of a surface condenser having been
successfully employed in a sea-going steamer
at any previous date.

As we are not at present discussing the

merits and construction of condensers them-
selves, but one particular detail only, nexb
in order we find Spencer's method, shown at

fig. 9. This consists in recessing the tube-

plate around each tube A to the depth of

.125 to .187 of an inch in width, and com-
pressing into them two or more (but usually

two) india-rubber rings B C, which are put
in sufficiently tight to prevent leakage when
the pressure is on the outside of the plate.

Then follows Sewell's ; it is shown at fig.

10. This plan of fixing condenser-tubes is

perhaps the most complicated of any intro-

duced. The tube B projects some distance

beyond the tube-plate A; over these pro-

jecting portions a sheet of india-rubber,

formed so as to fit over the whole of the

tubes, is placed. This sheet is necessarily

made in one entire piece, of the same size

as the tube-plates, and in it holes are formed
to correspond in pitch with that of the

tubes ; but the holes themselves are slightly

less in diameter than the tubes, so that on
being placed over them the india-rubber

turns up in a cup-like form round the ex-

posed ends, as shown. Over the india-rub-

ber sheet is an outer plate D perforated to

correspond with the tubes ; it is recessed, as

shown, so as to pass over the tubes and sur-

round the india-rubber cups, at the same
time leaving room for the tubes to expand
and contract freely when the plates are

screwed together. The diameter of the

holes in the outer or covering-plate is nearly

the same as the interior caliber of the tubes

themselves, and it serves two purposes,

namely, of keeping the india-rubber sheet

close against and on the ends of the tubes,

at the same time preventing the tubes from
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working out of the plates. This method,

although the most expensive, has, we be-

lieve, been pretty largely adopted of late

years, but we know that some engineers do

not think favorably of it.

Allen's method is shown at fig. 11 ; it

consists merely in inserting a wooden ferrule

A into an annular space in the tube-plate

which surrounds the tube ; this, on being

driven in, becomes compressed, thereby fill-

ing the hole, and at the same time firmly

holding upon the tube ; but before being put

in, the ferrules are first squeezed in a com-

pressing machine.

Howden's method is shown at fig. 12. In

this case the hole for receiving the tube is

reduced to a depth equal to about three-

fourths of the thickness of the tube-plate,

and into it a short length of plaited cord is

compressed, the cord being very easily and

quickly inserted by means of a tool revolved

in the recess by a hand-brace ; this system

is, perhaps, the cheapest and simplest yet

devised, and is, we understand, coming into

use on board of several steamers.

The last, and, so far as we can learn, a

very effectual method of fixing condenser-

Fig. 12. Fig 13.

tubes is that introduced within the last few
months by Marshall, of Leith ; it is shown
at fig. 13. In this example the recess sur-

rounding the tube is filled with an india-

rubber ring A, which ring has a deep annu-
lar space formed in it, into which the water
passes, having the effect of forcing the outer

lip of the ring against the tube-plate, and
the inner lip against the tube, thereby con-

stituting an effective joint on both sides.

Marshall's plan is being already introduced

on the Clyde as well as at Leith, and the

North British Rubber Company have com-
menced the manufacture of the rings.

We have now brought together all the

more important modes of fixing surface con-

denser tubes, and as we shall on a future

occasion probably refer at length to surface

condensers themselves, we reserve further

remarks on the subject at present.—V. D.

The Flow op Elastic Fluids through
Orifices or Pipes.—In order to de-

termine the number of cubic feet of steam

or air, or other gas, which will be discharged

through a given orifice in a given time, it is

necessary to ascertain the velocity of issue.

In no other wTay can the problem be solved,

except by experiments with vessels of known
capacity, from one of which the air, steam,

or gas flows to the other. Such a solution is,

for reasons on which it is not necessary to

enter, practically beyond the reach of most
men ; and it has already been tried by man}',

with results which have enabled a general

law to be laid down, to which law we
shall come presently. If the velocity is

known all the rest follows easily enough.

Let us suppose the orifice in t':e side of a

boiler to be one inch square. A cubic foot

of steam contains 1,728 cubic inches. We
may suppose this cubic foot of steam all con-

tained in a column or bar 1,728 in. long and
1 in. square. Let one end of this bar be

brought opposite the orifice and the work of

expulsion begun ; then it is obvious that be-

fore the whole cubic foot of steam is dis-

charged, a column of steam 1,728 in. long

must be passed through the hole. Now, if the

velocity of efflux is 1,728 in. per minute, then

one minute of time will be required for the

escape of one foot of steam. If it have a velo-

city of efflux of 1,728 ft. per second, then the

orifice will discharge one cubic foot per second,

and so on. And this law is totally indepen-

dent of the pressure or weight of the steam.

As the pressure increases, the velocity of dis-

charge will increase in a certain ratio to be

presently explained ; but the pressure will

not affect the fact that the velocity of dis-

charge in inches per second, multiplied by the

area of the orifice in square inches, and

divided by 1,728, will give the discharge in

cubic fees per second.*

We have said that the velocity is regula-

ted by the pressure, but this fact only holds

good for each particular fluid. Speaking

* When a discharge of water, steam, gas, or other

liquid or fluid takes place through an orifice in a thin

plate, a certain contraction takes place in the issuing

column which reduces the amount of discharge below
that proper to the actual area of the orifice, but it is

needless to do more than mention the fact here. It

is quite unnecessary to complicate a statement which
we wish to make as simple as possible, by further re-

ference to the Vena Contractu.
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comprehensively, the velocity of discharge

depends on the density as well as the pres-

sure of the fluid ; the lighter the fluid the

greater will be the discharge. Thus, hydro-

gen will issue more rapidly under a given

pressure through a given orifice than will

atmospheric air under the same conditions of

pressure and orifice. If our readers have

followed us thus far, they will be able to

comprehend the nature of the law determin-

ing the velocity of discharge under given

conditions of orifice and pressure. But be-

fore giving this law it may be as well to

explain, that any body falling freely under
the influence of gravity has a progressively

accelerated rate ; the velocity being in En-
gland and similar latitudes such that 16 ft.

1 in. will be traversed the first second, 48 ft.

3 in. in the next second, 80 ft. 5 in. in the

the third second, and so on. The velocity

of a falling body at any distance from the

point where it started, may be found by mul-
tiplying the square root of the height passed

through in feet by 8J
¥ , the product being

the velocity in feet per second. Thus, a

bullet has been suffered to drop from the

top of a tower 100 ft. high ; what is its velo-

city at the moment of touching the ground ?

The square root of 100 is 10, and 10 mul-
tiplied by S^ gives 80.042 ft. as the velo-

city. Our non-mathematical readers will

now be in a position to understand the law
regulating the velocity of efflux of elastic

fluids, such as steam, under pressure, which
may be thus stated : Elasticfluidflow into

a vacuum with a velocity the same as that

which a body of the same density would ac-

quire in falling through a space equal to the

height of *a column of steam or gas of the

given pressure. Let us suppose that we are

dealing with steam of 45 lbs. on the square

inch, and the orifice of discharge has one
square inch of area. Let us further suppose

that a column of steam stands on a valve

temporarily closing the orifice. What height

must the column of steam one inch square

be to weigh 45 lbs. ? Avoiding fractions,

nine cubic feet of such steam will weigh 1

lb. ; therefore, our column of steam one inch

square must contain 9 X 45, or 405 cubic

feet of steam ; and multiplying 405 by 1,728,

we get 699,840 as the height in inches, or

58,320 as the height in feet of our column
of steam.* The square root of 58,320 is

241.5 nearly, and this multiplied by 8^, or

* This is an approximation only. The true volume
of lib. of steam at 45 lbs. total pressure is 9.000216
cubic feet.

8.042, gives 1,942.14 ft. per minute as the

velocity with which steam of 45 lbs. pressure

would issue into a vacuum.
It is here necessary to explain that to

avoid the introduction of a multiplicity of

figures, we have omitted several fraction, and,

therefore, the velocity we have given above
is too low, but this in no way affects the

principle of the arithmetical process we have
described. Any of our readers mastering
it will be able to calculate for themselves the

velocity with which elastic fluids flow into a
vacuum. The calculation, as we have work-
ed it out, is, however, laborious, and for the

benefit of such of our readers as understand
logarithms, we give the following compre-
hensive rule for finding the velocity of dis-

charge : Add 4.29 to the pressure in pounds
per square inch ; deduct the logarithm of

this sum from the logarithm of the pressure
;

to one half the remainder add 3.3254, and
the natural number of this sum will be the

velocity in feet per second.! The difference

between the velocities due to any two pres-

sures is the velocity with which steam or air

will flow into the lower pressure. Thus, if

the pressure in a cylinder is 20 lbs., while

that in the condenser is 5 lbs., at what rate

will the steam flow from the former to the

latter ? The velocity proper to steam of 5
lbs. pressure is 1,552 ft. per second, while

that proper to 20 lbs. is 1,919, and 1,919

—

1,552 gives 367 ft. per second as the velocity

of the exhaust. X

In the earlier portion of this article we
stated that the actual area of the column of

discharge was less than that of the orifice

through which it flowed, and it is now time

to say that this fact materially modifies the

results of such calculations as the fore-

going. Moreover, account must be taken

of the frictional resistance due to the sides

of pipes or tubes through which the fluid

flows. On this latter subject there is con-

siderable diversity of opinion ; the subject

has been keenly discussed once in our cor-

respondence columns, and we shall not be
surprised if it be discussed again. Mean-
while we cannot better conclude this article

than with the following rule, extracted from
" Bourne's Treatise on the Steam Engine,"

and regarded by many engineers as one of

the best yet made on the subject. It refers

to the flow of steam through a straight pipe

of uniform diameter, and its relation to the

t Sewell.

X These velocities have been calculated by the last

rule.
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rules we have laid down will be readily

traced : "To the temperature of the steam

in degrees Fah. add the constant 459, and

multiply the square root of the sum by GO

and, besides these, iron hoops for cotton

bales. And in the pen factories, including

(lillott's and Mason's, in Nettlefold and
Chamberlain's great screw factory, at the

2143 ; the product is the required velocity." works of the Patent Nut and Bolt Company
All enlargements and contractions, and all

|
—nearly everything is done by machinery,

bends or elbows, will reduce the velocity, I The immense stride made in the manufac-

but there is no trustworthy formula in ex- 1 ture of Birmingham goods during the last

istence which will enable us to determine comparatively few years has been due to the

exactly how much in any of the particular
|

introduction of machinery, worked in large

cases which may suggest themselves to our

readers."

—

The Engi7ieer.

factories, under perfect organization ; where-

as, previously, masters let out metals, or

part-worked goods, to work-people who took

them home and completed them by hand.

Birmingham.—None, caring to trace the The Birmingham gun trade was revolution-

growth of the " work-shop of the world," lized by the erection of the immense small

need necessarily go back to the time, less

than a hundred years ago, when letters were
addressed " Birmingham," (or, often, Brom-
wicham), near Walsall," the latter being

the nearest post town. The population of

Birmingham, now upwards of 350,000, has

doubled since 1841, and is five times what it

was at the beginning of the century. Even
those who have never been within a hun-

dred miles of the place, know the general

nature of its manufactures, but few are

aware how these have increased in extent

and variety of production. Almost exclus-

ively a manufacturing town, Birmingham
may nevertheless be said to have no cotton,

woolen, flax, or silk factories, no blast

furnaces or forges, no steel converting

works, no work-shops for making locomo-

tives, engineers' tools or textile machinery,

no sugar refineries, paper mills, tanneries,

breweries (except upon a small scale), in

fact, none of those great distinctive indus-

tries which make Manchester, Leeds, Shef-

field, and, in a less degree, Newcastle, Glas-

gow, Bristol, and other great manufacturing
towns, what they are.

But there are large factories in Birming-
ham, where hundreds of work-people are

employed in making pins, steel pens, um-
brella tips, tacks, indeed the smallest arti-

cles in the largest (or, at least, in bewilder-

ing) numbers. Steel pens, for example,

which once cost a shilling each, are now
sold, and of far better quality, for a shilling

a gross, and, of these, single establishments

make from 200 to 300 millions each yearly.

These are the minutice of manufactures, but
there is a single establishment employing a

thousand work-people, which produces a

thousand million of wood screws yearly.

Nearly as large a number are employed, at

arms factory at Small-heath, which contains

the most perfect gun-making machinery of

the Enfield kind.

Of Birmingham buttons, gold and "brum-
magem " jewelery, nondescript hardware
and knick-knacks, we cannot pretend to

speak with knowledge. But turning to the

larger industries, there are the historical

engine works at Soho, besides smaller en-

gine works in town ; the very extensive

railway carriage works of the Metropolitan

Railway Carriage Company at Saltley, and
Messrs. Brown, Marshall and Co.'s railway

carriage works in the vicinity ; Messrs.

Chance Brothers' great glass works, Win-
field's large establishment for making iron

bedsteads and brass work, Everitt's, Web-
ster and Horsfall's, and Cornforth's wire

mills, Elkington's magnificent electro-plate

works, Muntz's yellow metal works, Lloyd's

and the Imperial tube works, the Stephen-

son copper and brass tube and roller works,

Tangye's and May's engine and* machine

works, Morewood's galvanizing works, Pig-

gott's and Horton's gasholder works, etc.,

besides the old copper mint at Soho, enamel-

ing works, manufacturies of papier macke,

swords, files, etc., all representing distinct

industries, in each of which, perhaps, two or

three, or in other cases forty or fifty estab-

lishments are engaged.

It is not, perhaps, to be lamented that

Birmingham no longer produces those great

works of engineering construction which she

once did in the days of Fox, Henderson &
Co. Their old works, the London Works,
now the property of the Patent Nut and

Bolt Company, turned out all the ironworks

of the Crystal Palace of 1851, the great

station at Birmingham, still the largest,

under one roof of a single span, in the

a single factory, in making bolts and nuts,
| world, the Paddington Station, and the
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great suspension bridge over the Dneiper,

at Kiev, in Russia, probably the finest in-

dividual work of its engineer, Mr. Charles

Vignoles.

Birmingham is a little too far from a sea

port for the cheapest transit of heavy manu-
factures intended for shipment abroad, but

its railway and canal facilities for inland

communication are unexcelled. It is a

healthy town, on elevated, gravelly, or

sandy soil ; the latter, when in its natural

state, growing a profusion of broom (Saxon

brum, whence the name of the town), and
the death-rate is much lower than in Man-
chester, Leeds, Sheffield, or Liverpool.

There are few underground habitations

—

cellars—and one man in Birmingham occu-

pies as much ground as two in Manchester,

or three in Liverpool. It is only a wonder
that so wide-stretching a town has not long

since been tramwayed in all directions, a

fact only accounted for, perhaps, by its

local railway facilities. Nor is it easy to

understand why some of the heavier branches

of forging, steel melting, wheel making,
locomotive engine building, etc., should not

have yet settled there, unless it is that the

business is overdone, or that Staffordshire

iron, so well known for its good quality, is

somewhat more cheaply worked up else-

where.

—

Engineering.

stances when only approximate accuracy is'

demanded, and the question becomes reduced
to taking the next measurement or chain's

THE MEASUREMENT OF HILLS.

From the "Building News."

It is seldom, that a base line of any con-

siderable length can be measured without it

being necessary to make some allowance,

either mechanically or by calculation, for the

sloping and irregular contours of the ground.

The necessity for this becomes more apparent

as the surface of the ground departs from the

plane of horizontality, as the greater the

angle of inclination the greater will be the

difference between the false and the true, or

the inclined and horizontal measurement.
There are various methods of arriving, at the

true horizontal measurement of sloping sur-

faces, and the degree of accuracy to which
the survey is to be carried, must in all cases

determine which the surveyor will employ.
It is scarcely necessary to mention that the

true distance will always be less than the

apparent one, and, therefore, when calcula-

tion is used, there will always be a reduction

to be made. An experienced surveyor will

be able to tell pretty well by the eye the al-

lowance to be made in the majority of in-

length, not from the end of the former, but
from a point obtained by making the proper

allowance. The diagram in fig. 1 will render

this operation perfectly clear, but it is one
that the young surveyor will do better not to

attempt to carry into practice. We shall

give a method by which the same result can

be arrived at by means more suitable for a

beginner. In fig. 1, suppose the chain to be

stretched upon the inclined surface of a hill

and extend from A to a, but the real hori-

zontal measurement to extend from A to B.

The point B where the chain A a will inter-

sect the horizontal is found by taking A a in

the compasses and sweeping a circle until it

touches the horizontal line A C in B. If

the line B b be projected at right angles to

A C it will intersect the surface of the ground
at b, so that the true distance to be measured
along the slope by one chain's length, is not

A a, but A b. From the appearance of the

slope the practiced surveyor makes an ap-

proximate estimate of the distance a b, and

the next chain's length is measured conse-

quently not from a but from the point b, and

so on, as often as may be required. The
same process applies to the case of a descent

as well as that of an ascent, but it is

rather curious that it is invariably more
difficult to arrive at a correct approxima-

tion of the rate of inclination when de-

scending than ascending a slope. We do

not attempt to offer any explanation of this

somewhat curious fact,but our own experience,

as well as that of numerous old and practiced

hands, have confirmed the veracity of it.

The explanation of the method by which

the distance a b in fig. 1 is estimated, will

serve to indicate a mechanical mode of ar-

riving at the same result. This latter is pre-

ferable, when carefully performed, to that

given in fig. 1, and may, moreover, be ac-

complished by any beginner. It should not,

at the same time, be repeated too often con-

secutively, as of course, small errors creep in

at every step, which ultimately would be-

come seriously appreciable. Let A B in fig.

2 be the sloping ground to be measured hori-

zontally. In performing this operation we
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advise the surveyor to do part of the chain-

ing himself, that is, to take the place of the

" follower." If he leaves it to the chain-

men to do, he may be sure that it will not

be done well, as it is an operation requiring

some nice and delicate manipulation. Briefly,

the principle consists in taking up the chain

in short lengths and holding one end verti-

cally over the starting points, while the other

is fixed or held firmly down. In the figure

let the surveyor be supposed to stand at A,
with the end of the chain held vertically over

the point A, by means of a plumb line and
bob. In the meantime the " leader " has

hold of the twenty-fifth link, suppose, which
he fastens down in the proper direction at b

;

the surveyor then slacks the end of the chain,

advances to the point b, takes up the chain

carefully at the twenty-fifth link, leaving the

pin in to mark the spot, and holds it over the

point b, or, in technical phraseology, "plumbs"
it over the point b. The "leader" has ad-

vanced to the fiftieth link, which he has fixed

at c, and the operation proceeds in a similar

manner to d, and until the summit of the in-

cline is surmounted. The chain must be well

stretched between the points at b'c, c'd, etc.,

in order to render the deflection inapprecia-

ble, so that it is preferable to take short

lengths at a time, instead of long ones, al-

though the former may demand more trouble.

The steepness of the slope will also regulate

the distance between the successive points of

measurement, as the chain can only be raised

a certain height by hand, and it is absolutely

necessary that it be maintained as nearly

horizontal as the circumstances of the case

will allow. If this mechanical reduction of

the inclined to the horizontal measurement
be carefully performed, the result will be a

very close approximation to the true distance.

In order to get over the ground as quickly

as possible, young surveyors are very apt to

make the distances between the points of

measurement much too long, and consequent-

ly the "sag" of the chain induces errors

that might otherwise be avoided with facility.

Should the hill be very short, the incline

may be measured very expeditiously in the

manner described by means of a good tape,

provided there is very little wind blowing.

Having described the two approximate
methods of reducing the sloping to the hori-

zontal measurement, it now remains to indi-

cate the more exact means of obtaining the

same result. It is hardly necessary to observe
that in large and important national and tri-

gonometrical surveys approximate methods
cannot be employed, but all the operations

must be performed with the most minute ac-

curacy. A glance at at fig. 1 will point out
that there are three sides in the triangle A
b B, one only of which is known. By the

rules of proportion, as well as of equations,

when one of these indeterminate quantities

is to be determined, two must be given in

order to solve the question. In the triangle

A b B, the distance A b is given and if B b

were known, the horizontal distance could be
ascertained, since (A b) ' = (A B) 2

-f- (B b) %
or making A b — x ; A B = y, and B = z,

we have for the value of A B, y == \Z(x2 -*-)•

But B b is the difference of level between
the points A and b, which can be readily

obtained by that branch of surveying which
treats of the operations of leveling. As
this will be subsequently treated of in its

proper place we shall not now enter further

into the question. It will be manifest that

if instead of the distance B b being known,
the angle of inclination or the angle B A b

were ascertained, the problem could be solv-

ed equally readily. Suppose, for instance, a
certain number of feet were measured along
the slope in fig. 1, from A to B, the correct

horizontal measurement of which was A B,
but which has to be determined ; let A B =
N'j A b = N, and equal the angle of ele-

vation B A b. By the rules of trigonome-

try for solving right-angle triangles we have
N' = N X cosine 0, consequently the dif-

ference between the horizontal and the slop-

ing measurement varies as the cosine of the

angle of elevation, or, in plain terms, with the

slope of the ground. The difference between
these two measurements, or what is called the

"reduction," is evidently equal to (N—N').

As an example, suppose N or the distance

A b in fig. 1 to measure 100 ft., and the

angle B A b 15°, what is the value of the

correct horizontal measurement A B, and of

the reduction (N—N') ? By the rule we
have A B = A b X cosine 15° = 100 X
0.96592 = 96.592 ft. The reduction, there-

fore, is equal to (100—0.96592) = 3.408 ft.

The correct distance to be entered in the

field book from A to b is 96.592 ft., but if
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there is no necessity for noting the point b'

on the plan, the simplest method will be to

add 8.408 ft. to the 100 ft. already meas-

ured, and commence the next chain's length

from that point. In other words, 100 ft.

on the horizontal measurement equals 103.-

408 ft. on the sloping surface. From the

formula and example we have given, it is

readily perceived that tables can be con-

structed giving the reduction to be made, or

the difference between the horizontal and
sloping measurement for different angles of

inclination. In the following table is shown
the number of feet on a sloping surface in-

clined at various angles that corresponds

horizontally to 100 ft. measured along the

given slope, and also the reduction to be

made for every chain's length or 100 ft.

measured along the slope :

Angle of slope Value of 100 ft. meas- Difference or

in degrees. ured horizontally. reduction.

3 99.862 .138

6 99.452 .548

7 99.254 .746

10 98.480 1.520

12 97.814 2.186

14 97.029 2.971

16 96.126 3.874

18 95.105 4.895
20 93.969 6.031

23 92.050 7.950

27 89.100 10.900
30 86.602 13.398

If the slope continue uniform, and there

are not any fences or other objects to be

noted in the field book, the chaining can be

continued as far as may be considered desira-

ble, and the results in the third column given

in the table multiplied by the number of

chains measured. The product will give

the total reduction or difference to be allow-

ed for.

The Ellershausen Process.—We have
not yet received the analyses, complete,

that we promised to publish. But we are

prepared to state, from the results of other

and more extended experiments, that this

process is highly successful and valuable.

It is not so radical and revolutionary as at

first supposed, but it is a decided improve-
ment upon a preparatory process in pud-
dling, the results being an improvement in

the quality of the product, and a decided and
uniform economy in its production. We
shall give details in due time.

HEATING BUILDINGS BY GAS.

From "The Engineer."

The use of gas as fuel has been tried to a
considerable extent in France and other
countries, but the progress has neither been
rapid nor very satisfactory ; one reason of

this lies, perhaps, in the imperfection of the

modes of combustion, although something
has been done of late to remedy this ; an-

other is the natural hesitation of the direc-

tors of gas works to keep pressure on their

gasometers all day for a small supply.

Still enough has been done to supply a
certain amount of information on the eco-

nomical part of the question, both as regards

gas cooking apparatus and stoves for churches

and other large buildings. The average

consumption of the cooking stoves in use in

France which consume a mixture of gas and
air is found to be as follows :—For a large

fire, 260 liters per hour ; for a moderate
fire, 140 liters per hour ; for a small fire, 50
liters per hour. When the stove is used,

what the French call pot-au-feu, it is found
that it is sufficient to keep up a large fire

for about twenty minutes only, after which
the gas may be turned down and the cook-

ing completed with a very small fire. Tak-
ing the average duration of this kind of

cooking at four hours, and the cost of gas at

30c. per cubic meter—the present price in

Paris—the consumption amounts to 1,040.20

liters, the expense of which is 31c. 20, or

little more than 14d. The cleanliness and
handiness of gas as fuel, and the great eco-

nomy arising from its instantaneous lighting

and extinction, give it, in the hands of care-

ful persons, a great advantage over charcoal,

with few of its inconveniences—one of which
is the impossibility of using it for broiling

without a special arrangement, as the small-

est quantity of fat falling upon heated char-

coal fills the house with stifling fumes. .

In a coal-using country, however, like

England, the use of gas for the heating of

apartments, and especially large buildings

like churches, is of more impoi*tance than

its application to cooking ; and considerable

improvement has been made of late in France
in apparatus for the warming of ordinary

rooms, to which we shall shortly have to refer

more particularly.

The most important results yet produced

refer to the heating of churches, which has

been essayed on a large scale at Berlin.

The method generally adopted is that of

placing a horizontal gas-pipe with three jets
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within a stove made of sheet iron, and over

the gas-jets a piece of brass wirework, of

which the openings are not more than -^ of

an inch in diameter. The cathedral of Ber-

lin has a cubical contents of about 17,300

meters, and it is heated by means of eight

of these stoves, each of which has 22 of

these brass gratings, measuring 11^ in. in

length by 1% in. in width, making in all

about half an inch square of grating for each

cubic meter to be warmed. The consump-
tion of gas in raising the air within the edi-

fice to the required temperature—an opera-

tion which takes three hours—is 83,400

liters, or 4.82 liters per cubic meter; to

maintain the same heat afterwards requires

only -Jjy of a liter of gas per cubic meter.

The parish church of Berlin, whose cubic

contents is 13,800 meters, is heated by four

stoves, each having 15 brass gratings, each

rather more than 12 in. long by Tg in. wide,

or little more than ^ of an inch of grating

per cubic meter to be warmed. The annual

consumption of gas in the cathedral above

mentioned is 2,210 cubic meters, costing

£20 ; this consumption is equal to 552

meters per stove, and 300 liters per
f-

of an

inch square of grating. The consumption

in Parisian churches warmed by gas is

found to agree very closely with that of the

cathedral of Berlin, but other cases give

different results

:

The church of St. Philippe at Berlin

has a contents of 2,780 meters, and is

heated by two stoves lm. 40 high, 1 m.
10 long, and 65 centimeters in width, each

having seven brass gratings 16 in. by 2 in.,

equal to § of an inch square per cubic meter
of the contents of the church. The annual

consumption in this church is 1,485 cubic

meters, or at the rate of 410 liters of gas

per cubic meter of contents. But this

church is only warmed three times a week.

The church of Saint Catherine at Ham-
burgh is heated by eight gas stoves, each

having 32 brass gratings, 12 in. long by
rather more than \\ in. wide ; the cubic

contents of the edifice is 33,900 meters.

The heating takes three hours and a half,

and consumes 220 meters of gas, costing

about 27s. 6d., so that three liters of gas are

required in this church per cubic meter of

capacity ; the temperature is kept up subse-

quently by the consumption of | of a liter

per cubic meter and per hour.

In the churches of St. Mary and Nicholas
in Berlin, and in Paris also, a kind of large

rose burner has been substituted for the

brass grating ; these are known in France as

mushroom burners {champignons). The re-

sult with these burners in the first of the

above named churches is as follows : The
cubical contents of the building is 15,450
meters, and the consumption of gas in four

hours is 150 cubic meters, costing about
35s., and as it is heated by ten stoves, each
having three of these rose burners, the con-

sumption per hour is 1£- cubic meters of gas

per burner, and nearly 2^ meters for each
meter of the contents of the church. In
this case only we have the effect as shown
by the thermometer, which is to raise the

temperature of the church from one degree
below zero to five degrees above, or from
below thirty degrees to forty degrees Fah.

In heating churches and large buildings

the economy of gas exhibits itself quite dif-

ferently as compared with its application to

cooking; in the former case, the more con-

tinuous the operation the less the relative

cost, whereas in the latter the more fre-

quent the interruptions the greater the

economy. The objection to gas on account

of its vitiation of the atmosphere of a build-

ing is one which neither the wire grating

nor the mushroom burner has yet obviated.

DETERMINING THE POWER OF ENGINES.

By J. Deby, C. E.

From the "American Artisan."

Many rules are furnished in all treatises

on the steam-engine for determining the

horse-power, nominal or indicated, but none
of them presents that scientific accuracy

which alone gives real value to the results

of experiments. The steam-engine (includ-

ing its boiler, which is an intrinsic portion

of itself) is nothing but a converter of heat

into mechanical work ; and consequently, in

a general way, that engine which will ap-

proach the nearest to producing a maximum
effect from a given quantity of fuel must be

considered the best.

We know that a certain amount of any
kind of fuel can only convert a certain de-

termined quantity of water into steam of a
given pressure, and we further know that

this steam ought, theoretically, to do a cer-

tain amount of work. Starting from this

basis, we can solve the problem without any

great difficulty.

The first thing we have to do is to find

out the exact composition of the fuel used.

This is the duty of the analytical chemist,
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who tells us how much carbon, hydrogen,

oxygen, ashes, etc., are contained in it. The
carbon and hydrogen are alone the producers

of heat, and all the other substances are

absorbers of heat, and worse than valueless.

Knowing the composition by weight of one

pound of the fuel, if we multiply the amount
of carbon contained in it by 8,000, and add
to this product the amount of hydrogen
multiplied by 36,000 (the units of heat

evolved respectively during the combustion
of one pound of carbon and of hydrogen),

and then subtract therefrom the quantity of

oxygen in the fuel, multiplied by 3,000, we
obtain very approximately the total number
of units of heat given out during the com-
bustion of one pound of the fuel.*

If we divide this total number of units

of heat given out by one pound of the fuel

by the total number of units of heat con-

tained in one pound of steam of the given
tension (for which see tables or formula in

the books), we obtain the number of pounds
of water which might be converted into

steam by one pound of such fuel in a theo-

retically perfe*:t boiler. By carefully com-
paring the weight of water really evaporated

in practice with the amount of fuel consum-
ed for the purpose, we have thus an easy

method furnished us for determining the

efficiency of the boiler, fire-box, dampers,
flues, etc.t

When we know by direct measurement
how many pounds of water have practically

been evaporated in our boiler by the com-
bustion of one pound of fuel, if we multiply

this quantity by the total number of units

of heat contained in one pound of steam of

the given tension, we find the total amount
of units of heat which have been transmit-

ted to the engine for the purpose of pro-

ducing useful work. Multiplying this num-
ber by 2,000, the mechanical equivalent of

a unit of heat, we obtain the number of

foot-pounds of mechanical work which this

amount of steam ought to produce if the

engine were theoretically perfect.

Noting the number of foot-pounds thus

developed in the space of one minute, and
dividing this quantity by 33,000, we obtain

the theoretical horse-power which would be

derived from a theoretically perfect engine.

* The exact calorific values of bodies vary some-
what, according to the results of different experi-
menters. Those we give here are the determinations
of Scheerer.

f Care must be taken, if the boiler primes, to
make the necessary allowance for unconverted water
suspended in the steam.

Vol. I.—No. 9—54.

By comparing the horse-power of an engine,

as exhibited by the indicator, with the theo-

retical figure obtained by the method we
have just exhibited, it becomes very easy to

compute how near to, or rather how far

from, perfection any particular steam-en-

gine may prove to be. In the absence of

an indicator, the "actual " horse-power may
be determined by the ordinary formula for

" indicated " horse-power, when the strokes

per minute, length of stroke, and area of

piston are known.
Let us give an example :

Supposing one pound of the fuel consum-

ed to be formed of .92 of carbon, .63 of

hydrogen, and .03 of oxygen, its calorific

power would be (.92x8,000) -j- (-0-3 X 36,-

000) — (.03 x 3,000) = 8,350 centig. units.

If the engine is working steam of four at-

mospheres, or 59 lbs. to the square inch,

each pound of steam will require for its

production 651.8 units of heat, minus the

temperature of the feed-water, which we
will suppose in our case to be 51.8° centi-

grade, leaving 600 centigrade units of heat

to be obtained from the fuel.

Dividing 8,350 by 600, we have 13.91 as

the number of pounds of water which one

pound of such a fuel could evaporate, as a

maximum, into steam of four atmospheres.

Now, if in our practical experiment one

pound of fuel has only evaporated 10 lbs.

of water, we see that a loss of 3.91 lbs. has

taken place, equal to 39 per cent of the fuel

used. This first loas must have taken place

through inefficiency in the boiler or its sur-

roundings. The 10 lbs. of steam of four

atmospheres produced, contain 10 X651. 8 =
6,518 units of heat. Each of these units is

the equivalent of 2,000 foot-pounds of me-
chanical work, and the 6,518 are equal to

6,518X2,000= 13,036,000 of foot-pounds.

If the 10 lbs. of water have been evaporat-

ed in 13 minutes, then 13,000,000-^13, or

1,000,000 of foot-pounds will have been

produced per minute, which, divided by

33,000, gives us 30 horse-power as the duty

of a theoretically perfect engine. If, in our

case, 20 horse-power only has been " indi-

cated," then a 10 horse-power, or 33.4 per

cent, would be shown to have been lost in

the engine alone through friction, radiation,

or from other causes.

In our example, 39 per cent of heat would

have been lost in or around the boiler, and

33.4 per cent by the engine, showing a total

loss of 72.4 per cent of the fuel burnt on

the grates. Our experimental engine might
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be said to be 72.4 per cent from perfection,

and, in like manner, all kinds and sizes of

steam-engines and their boilers may be

rationally and simply classified and rated.

DRIED WOOD FOR BLAST-FURNACE
FUEL

By Martin Moschitz, lloyal Hungarian Counsellor

of Mines.

Condensed and translated from "Oestr. Zeitschrift."

For a number of years it was intended to

try, on a large scale, the use of dried wood
in the place of charcoal in the blast-furnaces

at Rhonitz, in Hungary. In 1862, all the

necessary preparatory arrangements were

completed, and the gradual replacement of

3, 5, 10, 15, etc., per cent of charcoal by

dried wood then began. This had to be

done very slowly and carefully, as the local

circumstances did not allow of any inter-

ruption or disturbance of the regular work-

ing order. From this reason the increase

of the percentage of wood had sometimes

to be stopped entirely for long periods.

However, these experiments were so suc-

cessful that, from the beginning of the year

1866, the two blast-furnaces at Rhonitz have

been running exclusively with wood, a result

more favorable than was or could have been

expected from the start.

In the period from 1862 to 1868, the

furnace No. 1 was running during 381, the

furnace No. 2 during 231 weeks, the fuel

used being partly charcoal alone, partly

charcoal and wood mixed, partly wood
alone. The amount of materials melted

were:

581,657 cwt. (Austrian) ankerites, poor spathic

ores, and brown hematites.

371,882 cwt. granulated cinder from puddling and
heating-furnaces.

296,917 cwt. calcarious and dolomitic fluxes.

1,250,406 cwt.

The fuel used amounted in that period to

4,981,974 c. ft. (Austrian) of soft charcoal (includ-

ing 10 per cent loss).

4,709,899 massive c. ft. of pine wood.

The products obtained were

294,760 cwt. gray forge-pig.

71,700 cwt. castings.

366,460 cwt.

The percentage of iron in the mixture for

forge-pig was 88.45, that in the mixture for

foundry-pig 29.30. The charcoal weighed

about 7 lbs. per cubic foot ; some of it less.

From 40 to 64 per cent of charcoal, by vol-

ume, have been obtained from the wood by
charring, or 19.08 per cent by weight.
To be able to compare the amount of fuel

used when the furnaces were run with wood,
to the amount used when they were run with
mixed fuel or with charcoal alone, it is

necessary to convert, in the calculations, all

the wood used into the corresponding weights
of charcoal. It has thus been found that

the amount of charcoal used for the produc-
tion of 100 lbs. of pig-iron has been, on the

average, as follows

:

(a) In smelting with charcoal alone. . 195.09 lbs.

(6) In using 13.58 c. ft. of soft char-
coal 95.06 lbs.

and 12.84 massive cubic ft.

of wood, weighing 31 lbs.

per c. ft. j the correspond-
ing weight of charcoal is

12.84 X 31 X 19.C

100
. 75.95 lbs.

171.01 lbs.

169.52 lbs.

(c) In using wood alone (since 1866) :

1. During the first 25 weeks were
used 28.66 massive cubic feet

of wood, the corresponding
weight of charcoal is

—

28.66 X 31 X 19.06

ioo
2. All the rest of the time, up to

this day, 27.02 massive cubic
feet of wood the corresponding
weight of charcoal = 159.82 lbs.

It is to be seen, from this statement, that

by using wood instead of charcoal a saving

of fuel is effected, amounting to (195.09

less 159.82) = 35.27 lbs. or 5.71 cubic ft.

of charcoal, or 5.93 massive cubic ft. of

wood, on 100 lbs. of iron produced. This
is an actual saving of 18 per cent of fuel.

One pound of charcoal costs, at Rhonitz,
.81 kreutzers (Austrian). [1 Austr. kreut-

zer is equal to about J cent in gold. 1 florin

= 4 8 -g cents gold = 100 kreutzers.]

One massive cubic foot of wood costs 3.9 kreutzers.

Transport, cutting and drying 8 "

Total cost of one massive cub. ft. of

wood ready for use at the furnace, 4.7 "'

From these data the saving in money,
effected on 100 lbs. of pig, is calculated

thus :

195.09 lbs of charcoal at .81 kreut-

zers = 1 florin 58.02 kreutzers.

27.02 massive cubic ft. of wood at

4.72 kreutzers = 1 florin 27.53 "

Leaving per 100 lbs. of pig 30.49 "
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As the cost of 100 lbs. of pig amounts to

about 2 florins aud 30 kreutzers, the above

saving corresponds to 13.2 per cent in

money. This saving is, of course, the more
considerable the higher the price of charcoal

stands, when compared to that of wood.

Fifty per cent of granulated puddling and
heating cinders in the mixture are easily

reduced and melted when dried wood is used

as fuel.

The bast-furnaces in which the above re-

sults have been obtained are 42 ft. high, 3|
ft. wide at the bottom, 12 to 13 ft. in the

boshes, and 6 ft. at the top. They are

shaped like the " blanofen " in which the

Prussian spiegeleisen is made, the boshes

running clear down to the bottom of the

furnace in one steep incline. The mantel

is carried by six cast-iron columns. The
top is shut by a movable cover. Each fur-

nace has four twyers into which the nozzles

of the blast-pipes are fitted in tight. The
nozzles are 2-£ in. in diameter. The blast

has a pressure of 1-J to 2 in. of mercury,

and a temperature of 400° to 480° Fahr.

The gases are caught by a cylinder reach-

ing 3 ft. into the mouth of the furnace.

The circular space between the cylinder

and the wall of the furnace is covered by a

cast-iron plate with seven round openings

equally distributed, through which the gases

escape into seven vertical pipes all ending

above in a horizontal circular pipe. Another
pipe of sheet-iron, provided with a valve,

communicates with the latter, and carries

the gases to the places where they are want-

ed. The circular pipe has seven round
openings above, situated in the prolonga-

tions of the seven vertical pipes mentioned.

These openings, with short additional pipes

cast on, are covered slightly by sheet-iron

caps, which, like safety-valves, prevent the

destructive effects of explosions. They also

serve for the cleaning of the apparatus, and
can be used to let the superfluous gases

escape. The cylinder in the mouth of the

furnace is necessary to prevent the atmos-

pheric air, and the steam developed from
the charged materials, from entering the

gas-pipes. The sheet-iron main pipe carries

the gases down 47 ft. to the general work-

ing level, and afterwards to a horizontal

distance of 156 ft.

The cutting and the chopping of the wood
is done by one and the same machine, which
is of a peculiar construction. It consists of

two steel blades working together like plate

shears. The lower blade is fixed ; the up-

per one moves up and down in a vertical

frame. The blades are not straight, but are

bent horizontally to a half circle, and their

cutting edges are not even, but receding

vertically in an elliptic line, so as to start

the cut from both sides of the log held be-

tween the two blades. The logs, mostly
about 12 in. thick, ai-e cut in blocks from
3 to 6 in. high, which blocks are afterwards

chopped in smaller pieces by the same ma-
chine. As all this is done by regular cut-

ting, no saw-dust is produced. The cutting

surfaces of the wood thus treated are not
very even nor smooth, which circumstance
facilitates the escape of the water in the

following operation of drying. Tne above-

described machine works day and night,

cutting from 4,000 to 4,800 massive cubic

feet of wood in 24 hours. The expenses for

cutting by machine and drying of 100 mass-

ive cubic feet of wood, amount to about 30
kreutzers. Sawing and chopping by hand
of the same cp:iantity would alone cost about

95 kreutzers. In adding to this the ex-

penses for drying, the sum would be too

high to be paid for the preparation of wood
for the blast-furnace. The wood, after being

cut small, is filled directly into the charging

wagons, holding about 20 cubic ft. The
wagons are pushed into the drying-ovens

without being unloaded, and when the wood
has been dried, the wagons are conveyed to

the top of the furnace. The drying-stove

is a brick-building consisting of four paral-

lel compartments. Each compartment is

48 ft. long, 4-£- ft. wide, and 5 ft. high, and

has a door at each end, the one of which is

the charging-door where the wagons filled

with wood are pushed into the stove; the

other door at the opposite end is the dis-

charging-door, where the wagons are taken

out one by one after the wood has been

dried. A railroad with an incline of 3 to

100 passes through each compartment, so

that the wagons, when pushed through the

charging-door, roll of themselves towards

the discharging-door. The stove is heated by

the waste gases from the blast-furnace. It

is, however, provided with a step-grate, on

which a small fire is kept burning to re-light

the gases when th< y have been extinguished

during the charging of the blast-furnace.

The flame passes from the fire-hearth,

near the disebarging-doors, into four brick

flues running below the floor- of the four

drving compartments, throughout their

whole length ; after this the gases pass

through the hollow side walls of the com-
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partments back to the vicinity of the dis-

charging-door, where they find an outlet into

the interior of the compartments, and thus

come in direct contact with the wood. They
finally pass, together with the steam that

evaporates from the wood, through a flue

near the charging-door, and escape into the

stack.

It is to he seen that with this arrange-

ment the wagons containing the wood pass

gradually from the cooler into the hotter

parts of the compartments. Each compart-

ment holds 12 wagons, each wagon 20 cubic

ft. of wood, the whole stove 48 wagons with

a total volume of wood of 960 cubic ft.

At Rhonitz there are only 48 wagons in

use, all told, and as a part of them are always

on the way to and from the blast-furnaces,

not more than 30 wagons are generally in

the stove at one time. Both blast-furnaces

require about 18 wagons of wood per hour
or 60 minutes. Consequently the average

time used for drying is about 30X60
18

= 100

minutes, or one hour and 40 minutes.

Most of the wood used has been cut a year

beforehand, and is therefore pretty well

dried out in the air before being brought
into the stove. It loses in the stove about
eight per cent of water.

The practical management of a blast-

furnace, when run with wood, does not differ

essentially from the ordinary charcoal prac-

tice. The gas-pipes have to be cleaned

oftener and more carefully, because the pro-

ducts of distillation from the wood settle

partly in these pipes. The setting-in-blast

of a furnace has, of course, always to be
done with charcoal. However, after but a

few days running, the fuel can be changed,

and wood can be used exclusively, provided

that the quantity of ore which the wood is

able to carry under the existing circum-

stances has been ascertained by previous ex-

periments. It is, however, very important

when wood is used, to make the charges

about 60 per cent larger than with charcoal,

and to increase the pressure of the blast

10-20 per cent. With too small charges

the considerable shrinkage of the wood is

liable to produce irregularities in the de-

scent of the ores in the furnaces. The
higher pressure of the blast is necessary,

because the carbonization of the wood being-

effected under more favorable circumstances
and under a higher pressure in the blast-

furnace than in heaps or piles, a consider-

ably better and denser charcoal is produced,

which requires a stronger blast to be burnt
to full advantage.

The different and better quality of this

charcoal has been practically ascertained at

Rhonitz by a close examination of charcoal

extracted from the lower parts of a blast-

furnace running with wood.
It may be concluded, from what has been

said above, that dried wood can be used to

great advantage in blast-furnaces of at least

1,200 c. ft. interior capacity ; when the ores

do not pass through the furnace in less than
10 hours; when the wood is cut small, well

dried and warm yet when charged ; finally,

when the top of the blast-furnace is closed,

so as to avoid all the disagreements and dis-

advantages of an open and too hot furnace-

mouth.
The use of wood in blast-furnaces has

been tried as early as the end of the last

century, and the trials have been repeated

often in different places. They were, how-
ever, without success, from the following-

reasons. The furnaces were too small and
open at the top. The preparation of the

wood was done by hand, consequently very
expensive, and the wood was not reduced to

the proper size. The charges were taken
too small, so that irregularities in the smelt-

ing ensued.

Explosions have been complained of in

some places where the use of wood has been
tried. But such have not been experienced

at Rhonitz.

The advantages of the use of dried wood
in blast-furnaces, in the place of charcoal,

may be summed up as follows :

1st. Tops and small branches of trees, the

carbonization of which cannot be effected in

heaps or piles without a very considerable

loss, may be used in the blast-furnace to

great advantage.

2d. The whole process of carbonization is

done in the blast-furnace in a more advan-

tageous and less expensive manner, so that

18 per cent of charcoal is saved, and all the

work that would have had to be expended
on its preparation, beginning with the cut-

ting of the trees.

3d. The furnace works well and with

great regularity, and preserves a very clean

hearth.

4th. Ores or other materials, which melt

easily but are difficult to reduce, can be

worked more advantageously with wood
than with charcoal, as it is shown by the

great amount of puddling-slag that has been

smelted at Rhonitz, partly mixed with ores,
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partly alone. The greater density of the

charcoal made in the blast-furnace seems to

favor the reduction of these matters.

On the other hand the following disadvan-

tages have to be taken into consideration :

1st. The expenses for cutting and drying

of the wood are considerable, though with

the machinery used at Pihonitz they are not

as high as those for charring.

2d. The cost of transport is greater, be-

cause the heavier wood has to be conveyed

to the furnaces instead of the lighter char-

coal. This disadvantage is but small when
the wood can be obtained pretty near the furn-

aces, and it increases with the greater dist-

ance from which the wood has to be fetched.

3d. As above-mentioned, it is necessary

to clean the gas-pipes oftener. This disad-

vantage can, however, be entirely removed

by erecting an apparatus for cleaning the

gases from all the easily condensing sub-

stances. By this operation tar would be

obtained, the value of which would pay for

the expenses.

In general it may be said, and it has been

proved by long practice at Rhonitz, that

the disadvantages connected with the use of

wood in blast-furnaces are by far out-weigh-

ed by the great savings effected by it when
properly managed, and it is to be expected

that the use of wood will enable many char-

coal furnaces to withstand the increasing

competition of the coke and anthracite

furnaces. S.

RAILWAY DISASTERS.

WHAT KINDS OF DISASTERS CAN BE EASI-

LY PREVENTED BY LEGISLATION.

From the " New York Times."

The awful frequency of railway disasters

has at last set people to thinking whether
some practicable means cannot be devised

to prevent or lessen the horrors that attend

them ; and many theories of railway safety

have been set forth in the newspapers by
unprofessional experts, to the utter bewilder-

ment of the public. But we have yet to

learn that a single step has been taken by
railway managers or by the Government to

abate certain unquestioned and notorious

causes of disaster which we shall enumerate
—causes as well defined at Angola, Carr's

Ptock and Pine Tree, as at Mast Hope.
The misplacement of switches, for in-

stance, even by men considered careful,

often occurs, but the English system of sig-

nals would warn both engineman and fire-

man of the fact in ample time to stop. Hun-
dreds of lives might have been saved by
thus widening the range of notice and re-

sponsibility—it is almost impossible that

three men will blunder in such a matter at

the same instant—and yet not one in five

hundred switches, passed by express trains

at the top of their speed, is so guarded.

We have, on a previous occasion, shown
that not less than five men, practically

asleep at Mast Hope that fearful night,

might have saved the train if the appoint-

ments and regulations of the road had been
adequate.

The preservation of trains from wreck, by
safety brakes instantly applied to all the

wheels, must have been a matter of experi-

ence with many of our readers ; it has been
so not less than three times with the writer,

on one of the roads leading out of this city.

But the use of such brakes is hardly increas-

ing, and is not general.

An American train being connected mere-
ly by slack couplings, each car is free to

sway laterally and vertically, even to the

extent of jumping off the line, without re-

straint from the adjoining cars. The late

Pine Tree disaster was, in the opinion of

experts, especially of English engineers,

who have commented severely upon it,

greatly aggravated by this cause, and it is

certain that many slight mishaps have grown
into awful catastrophes for the want of the

simple English appliances by which a train

becomes an articulated whole, instead of a

series of disjointed and independent pieces,

each surging about without any restraint.

On one of the few American lines where
this system has been partially applied, it has

been substantially neutralized by adding the

old links, which are, of course, always used
to save trouble.

Experts generally are of the opinion that

a narrow-gauge car cannot run with the

highest safety through wide-gauge frogs and
guard-rails—in fact, that the late fearful

Angola slaughter is a case in point—yet the

inch and a half difference of gauge remains,

and the number of cars suited to the one,

and consequently unsuited to the other, but

run over both, is constantly increasing.

The breaking of rails does not often occur

when reasonable care is taken as to their

quality and laying. Yet it is the opinion of

the many engineers whom we have consult-

ed, that a reasonable measure of safety can-

not be secured without continuous longitu-
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dinal sleepers, or some mechanical equiva-

lent thereof, which shall hold the broken

pieces of rail in place long enough to pass a

train in safety. But there is nothing of the

kind in use.

Again, if there is anything clearly and

positively settled in railway practice, it is

that ricketty "permanent way"—broken

chairs, rotten sleepers, loose spikes and rails,

with parts of the head split off—are utterly

and frightfully unsafe. But we will under-

take to show any competent Grovernmeut

committee just this kind of track by the

hundred miles—track that any commission

of experts would refuse, upon examination,

to ride over at high speed, and which is

habitually left in this condition month after

month. Yet when trains run off tracks of

this general character, juries are utterly at

a loss to account for it, and fall to specula-

ting on the occult molecular differences in

irons, the moral character of employees, and

everything but what is obvious and perti-

nent.

There are in New England hundreds of

old wooden bridges, designed when the

stress put upon materials was much nearer

the limit of strength than is now deemed
safe—bridges that have deteriorated in the

alternate rain and shine of twenty years,

and which, being built for fifteen or twenty

ton engines, are to-day straining under those

that weigh 25 and 30 tons—bridges in which,

according to engineers and bridge-builders,

whom we have consulted, the iron rods are

strained, when two engines happen to meet,

up to 50,000 lbs. per in., when 10,000 lbs.

is considered a safe working load. Now and

then a wooden bridge falls under a train,

and it is a dreadful but inevitable conclusion

that hundreds of lives are yet to be sacri-

ficed in this manner.
The most unnecessary, and at the same

time the most frightful risk of railway trav-

eling is yet to be mentioned—it is the risk

of mangling and roasting by the splinters

of the wooden car, that comprehensive and

labor-saving engine of torture, for which,

had the Adversary hatched it in their day,

the Spanish Inquisitors would have thrown

aside all their limited and clumsy contriv-

ances. Upon violently striking any rigid

object, the wooden passenger car is as cer-

tain to go off as a bombshell, with this ad-

vantage over the bombshell, that it has a

percussion fuse at every angle, and com-

pletely surrounds the objects it is to destroy.

Seriously, the wooden car is certain to break

up in case of collision or derailment at high
speed, and then the burning of the passen-

gers is probable—their mangling is inevit-

able. Every few months, men, women, and
little tender children are tortured to death,

and this awful fate is certainly reserved for

some of us. But not a single step has been
taken by railway managers to abate this

evil, though the remedy is practicable, and
even economical in the long run. Iron cars

neither splinter nor burn, and will out-wear
wood again and again—yet we do not know
that a single iron passenger car is contem-
plated.

We have thus specified a few of the most
notorious and unquestioned causes of rail-

way disaster—causes which do not involve

the so-called hidden and unsearchable na-

ture and changes of materials, nor any mere
theories of construction, nor the vigilance

and responsibility of employees. The reme-
dies for all these universal, unfailing and
ever-menacing evils are precedented and
practical ; some of them are almost ridicu-

lously inexpensive ; some of them would
save their cost every year in lessened wear
and tear

]
and all of them are feasible, sim-

ple and unembarrassed subjects for legisla-

tion.. How many more murders will our

law-makers ignore ?

Steam Boiler Insurance in America—The Hartford Steam Boiler In-

spection and Insurance Co.—However
unfortunate we in England may be in the

matter of steam boiler explosions, no one

can fail to have observed that our friends in

the United States are still more so. The
annual loss of life and property there, from
this cause, must appear very large, even to

the casual observer, whilst to those whose
attention is frequently drawn to the subject,

the results are really startling. It will be

sufficient for the present purpose to allude

to the record for the past two years, as it

found its way into the papers. Such a re-

cord is, of course, a very incomplete sum-
mary of the number of lives lost, and the

amount of property destroyed by boiler ex-

plosions in the time specified. Many explo-

sions of a more or less serious nature are

never reported by any newspaper, or, if re-

ported, fail to meet the eyes of those inter-

ested in preserving an account of them.

Incomplete, however, as it is, when we note

the fact that, during two years, upwards of

800 lives have been lost in America by
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boiler explosions, and an immense amount
of valuable property destroyed, ranging—in

the various instances where any estimate

was given—from $500 to $50,000, it demon-

strates very conclusively the need of such

a system of boiler insurance and inspection

in that country as we have in our own. This

necessity has been recognized—somewhat
tardily, perhaps—by the Americans, who
took a leaf out of our book, and in 1866

started "The Hartford (Conn.) Steam Boil-

er Inspection and Insurance Co.," about

which association we have to say a few

words. We are induced to do this from the

fact that our journal finds favor in many
parts of the States, where our persistent ad-

vocacy of boiler inspection is well known,

and where the advantages of the system are

admitted. If, then, the correctness of the

principle be allowed, and if we point out to

those who may not be aware of it, that

American steam users have the same oppor-

tunities of making themselves safe as we
in England have, there remains no excuse if

they do not avail themselves of the means
offered.

The Hartford Association is the pioneer

company of the United States, aud from

particulars recently forwarded by a corres-

pondent, we find that during the two years

and a half it has been in operation, it has

extended its business by a system of well

appointed agencies over a great part of the

country. Many of the largest manufactu-

rers hold its policies, and its rapidly increas-

ing business attests the value of its work.

Its business is confined to no particular form

of boiler, nor to any special class of manu-
facturers. It embraces ironworks, mines,

cotton and woolen mills, saw mills, locomo-

tives, steam-boats and steam-tugs, and, in

short, all establishments where steam-power

is used. All boilers under its care are care-

fully inspected, internally and externally,

by competent practical men four times a

year. Steam gauges are tested, safety

valves properly adjusted and weighted,

boiler connections carefully examined, and

information given relative to setting and

management. The end and aim of all this,

be it remembered, is economy in the use of

fuel, and safety to life and property. As a

matter of course, the work of the company
has brought to light many and dangerous

defects ; and there can be little or no doubt

that disastrous explosions have been prevent-

ed. We know that where boilers are left

unexamined for months and years together,

incrustation, internal and external corro-

sion, burned plates and blisters, shorten

their working age, and render them posi-

tively dangerous. The usual mode of in-

spection, applying the hydraulic test, takes

no cognizance of these defects, and does but

little towards insuring safety. The policy

of insurance which the company issues,

covers damage to boilers, buildings, stock

and machinery, arising from explosions, and
is a guarantee that the inspection has been
thoroughly effected. It stands to reason

that self-interest would cause the work to

be properly done, inasmuch as the party

making it has a pecuniary interest in its

issue.

The company imposes no arbitrary condi-

tions ; it is interested in no patented appli-

ances, but on receipt of the proposal for

insurance, together with the inspector's re-

port, the boilers are classified and accepted

at a proper rate per cent, unless they are

found on inspection absolutely unsafe, in

which case the applicant is furnished with

a written statement of their condition. In-

formation relative to the management of

steam boilers, monthly reports of the in-

spectors of the company, a list of explo-

sions, so far as they can be obtained, for

each month, and other valuable information,

is disseminated amongst the policy-holders

by means of a monthly paper called " The
Locomotive." From what we have ad-

vanced, it will be seen that the Hartford

Association is conducted upon equitable

principles. The present remarks are penned
with the view of promoting the interests of

those steam users* who are indifferent to

themselves, and of increasing public safety.

We, therefore, trust that they may lead

those who may read them, and who have

hitherto held back, either from ignorance or

obstinacy, to avail themselves of the mani-

fest advantages of inspection and insurance.

It is an old and oft-reiterated opinion of

ours, that it is clue to the State that every

man should adopt every precaution in his

power to protect the life and property of

his fellow subjects. A persistent disregard

of this principle is a flagrant violation of

the moral law, which the State will not al-

ways permit with impunity to the offender.

—Mechanics'' Magazine.

he Corliss Engines at Woolwich Ar-

senal, are using from 3.8 lbs. to 3.7 lbs. of

coal, per hour per horse power, as shown by
the daily engine reports,
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BETON BUILDING.

From " The Canadian Builder."

Of all the compositions which in late clays

have been introduced as substitutes for brick

and stone-work, there is not one that presents

more attractions as a material than beton.

But the use of it is limited to those locali-

ties where water lime can be had at a reasona-

ble price. For, although that admirable

cement is about the only one of its compon-

ent parts that is expensive, yet the propor-

tion used makes the beton more costly than

could be wished, notwithstanding its many
merits as a building material. There need

not be any stone or stone chips used in the

making of beton. All that is required to

make a quick setting and very durable ma-
terial is, sand, three part ; water lime, one

part ; broken brick, six parts. The water-

lime and sand should be well mixed together,

dry. Then have as much water thrown over

as will make a moderately stiff mass, when
it is to be instantly transferred to the moulds,

which are already in their place on the walls,

and the center to be packed with the broken

brick, which being very porous, will receive

the moist cement readily on its broken faces,

and help to set the whole. The mode of

constructing the courses is by means of

moulds easily adjusted and taken apart.

They are to be calculated so as to enclose a

block of beton of the required thickness of

the wall, and half again that thickness in

length. There height may be ten inches.

Thus, if the wall be twelve inches thick, the

block will be the same, and also eighteen in.

long by ten in. high.

We will proceed to describe the operation

of building as carried out in the construc-

tion of a beton house at Black Rock, near

Buffalo, some years ago. The lines being

laid out, the basement was excavated to the

depth of six feet, and the trenches for the

foundation walls dug out one foot and a half

below the bottom of the basement. These

trenches were two ft. and a half wide, that is,

three in. each side wider than the basement
wall above them. The basement was there-

fore dug three in. wider than the plan all

around, and this was done to leave room for

the placing of the moulding boxes with their

rods. The bottom of the trenches was made
level, and these were filled with concrete

composed of six parts gravel, four parts sand,

one and a half parts quicklime, with suffi-

cient water. When this mass was well mixed
and turned over three or four times, it was

thrown into the trenches in layers or courses

of four in. in depth. Each course was spread

over the whole of the foundation trenches,

until they were all, including the foundation

of cross-walls, filled. When the surface of

the basement or cellar bottom was reached,

then the whole area was gone over with a
coat of gravel, and over this was poured a
creamy mixture of water lime and sharp

river sand, in equal proportion, until the

whole was flash. This was done on Satur-

day, and on the following Monday the floor

was hard enough to walk upon. The base-

ment walls were now commenced in the

manner here described. The lines of the

walls as shown on the plan were carefully

laid out, and angle-moulds placed at each
corner, with straight moulds set at equal

distances all along.

One corner mould and three or four

straight moulds are sufficient to work with ;

but the greater the number of moulds the

more expeditiously the operation of build-

ing goes on. When all was ready, the cor-

ner moulds were filled first, and then the

other moulds regularly in turn. When all

were filled, the moulds were taken apart and
set up at other points along the walls ; but

sufficient time was given for the beton to

become hard enough to admit of being un-

covered. The walls being thus gone round
the next operation was to enclose the spaces

between the beton blocks, and this was
done by using the sides of the moulds, with-

out the ends, and holding them in place by
the following means : Two pair of pieces of

scantling two by three in. each, and two ft.

long, were set upright at the ends of the side

boards, and bearing them against the beton

blocks. At the middle of their length they

were held by the rods and screws used in

the moulds, and their upper ends being

apart by sticks of the necessary length, the

boards were thus clutched and kept in place.

These inclosed places were now up flush

in the same manner as the moulds, and by
packing and tamping, the connections were

rendered so complete as to make the whole

a uniform mass. When each course was in

this manner completed, the moulds were
laid for a new one, taking care to break

joint though no joint was visible, yet this

precaution was taken to avoid any contin-

uous joint or point of imperfect connection.

Where doors or windows occurred, the

moulds were placed correspondingly, one'

on each side of such opening ; for it may be

observed that there is no necessity for the



VAN NOSTRAND'S ENGINEERING MAGAZINE. 825

fixing in of the frames until the work is all

sufficiently set. However, it is necessary

to insert these moulds at doors and win-

dows, at the ends, which will form the jambs
of such pieces of scantling called stops,

four in. thick, and sufficiently wide to permit

the future, frame to rest five or six in. back

from the outer face of the wall. Of course

the frame can be set up and the jambs work-

ed up to it, but it is more troublesome and
will scarcely make as good a job. The
window-sills and caps were provided for in

like manner, and there was a splay left in

the window jambs, by means of angular

pieces being added to the above mentioned

stops, which gave the required mould to the

beton. When the level of the ceiling was
attained, the flooring joists were all set up
in their places, and temporary bridging of

plank fixed between every every pair, so as

to hold the beton which was thus continued

up, making a compact bed for the joists, and
effectually preventing the lodgement of ver-

min. The short boards or pieces here used

may be removed when the work is set, as

they will be wanted again on the next floor.

In the building we describe they were left

in, but it is not at all necessary.

The joists being all flushed up with the

beton, the floor boards were nailed down and
the beton again flushed up to the surface of

the floor. The moulds were now placed for

the walls of the principal story, which being

six in. less than than those of the basement,

the ends of the moulds were made in accor-

dance with the new thickness, namely,

twelve in., and the work went on as before,

with the exception of the corners of the

main walls which were rounded by means
of blocks of the necessary shape being set in

the angle. This rounding off of the wall

on the outer corners gives a very neat

appearance without adding to the cost. On
the contrary* it economizes the material

;

for the thickness of these corners instead

of being greater on the diagonal, is exactly

the same as that of the straight walls

throughout. In the manipulation of the

beton for the walls of the superstructure, it

was deemed advisable to pack the front of

each mould with a finer coat of cement than

that used at the heart, or even at the back,

so as to give a uniform face to the outside.

This face was carefully troweled into the

bed made for it in the mould, by working
back the coarser beton in which the broken
brick was packed. In the top of the first

tier of blocks forming the course, an angle

mould was laid along and pressed into the
fine beton forming the outside face. And
on the bottom of the next tier of moulds, a
corresponding angle mould was laid and the

beton cast firmly around it. And thus every
course was treated. The consequence was
that the cincture left on the removal of these

moulds produced an effect on the exterior

remarkably like coursed masonry, the course
lines being of the ^> shape, about two in.

wide, and one and a half deep. Other sec-

tions of cincture can be moulded to suit

other designs of building. After each course
was uncovered, these sunken mouldings were
finished smooth by working a whole mould of

the ^> shape along them, backward and for-

ward. Perpendicular moulds of like shape
might have been made to mark out each
block, and no doubt would have improved
the appearance of the building. The sunken
horizontal courses were carried all around
the house and produced a good effect. The
next floor was flushed up at the joists pre-

cisely in the same manner as the first or

principal floor. The windows and doors all

set in and worked up to. But this is not
the better way. The sills and lintels were
of oak, but the latter did not show on the

outside. It would be much better to have
stone sills and lintels. The partition walls

were six in. thick, and were cast in unbroken
courses, with the exception of openings
for doors. The door cases were set in and
worked up to. Blocks were nailed to the

floors at the walls and partitions, to receive

the base board of the apartments—and these

blocks were covered up in the beton. In
like manner there were blocks inserted for

nailing finishing ox windows and doors to,

and for holding the horizontal slates from
which to hang pictures. The roof was a
gabled one, of a fourth pitch, but a Nansard
would have been a great improvement. The
walls were skin coated on the inside of the

house, and the best rooms were hard-finished.

Nothing can be easier for the plasterer to

make a workmanlike job with ; for his ma-
terial is sure to adhere to it. There is little

more to add, save that the chimney-flues

were all cast round by means of stovepipes

used as moulds and left in. This is not a

good plan, as the stovepipe will corrode

after a time, and it is very difficult if not

impossible to remove it. It would be better

to use a movable cylinder mould with a
handle, and have the flue finished smooth in

beton. The chimney shafts can be very
ornamentally finished with terracotta caps.
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To those who can procure water-lime at any-

thing like a reasonable price, we would
strongly recommend beton as a particularly

applicable material. It is warm in winter,

cool in summer, and at all times dry and

healthful. In mixing common lime with it

—of course for economy's sake alone—it

will be well to bear in mind that, whilst

quick lime swells in slaking about one-fourth,

water-lime on the contrary shrinks about a

fifth. By experiment on the limes to be

used, exactness can be attained. By thus

calculating, the two may be, so to speak,

dove-tailed into each other.

INDUSTRIAL PARTNERSHIP.

A humane tendency towards the improve-

ment of the condition of the working-classes

evidently exists in all civilized countries.

Many systems have been invented and tried,

and many have failed. The old French com-

munistic principles have been found totally

impracticable. No means have succeeded in

England as yet to universally prevent great

and long-continued strikes so ruinous to

both capitalists and workmen. The idea of

Lassaile in Germany that the "help " has to

come from the governments, was not able to

rouse the latter from their impassibility, nor

to inspire confidence in the greater number
of the workmen. The second empire in

France undertook to calm the laboring classes

by an unprofitable occupation, at the expense

of the whole people, in the embellishment

of the capital. This great and beautiful but

to a great extent fruitiesss work is not yet

fully accomplished, and already we hear of

seditious scenes that occur in the embellish-

ed capital. In this country the vain attempt

has recently been made to regulate by law

certain relations between capital and labor,

relations which under a despotic goverment

only, could be regulated otherwise than by

the freewill of both the concerned parties, by
voluntary agreement between free men and

free men, between laborers and capitalists,

when they acknowledge each others rights

and when they recognize and own that the

interest of the one is the interest of the other.

The eight hour law was totally ineffective,

as might have been expected before hand.

A real and great success in improving the

condition ofthe working-classes was, however,

obtained in G-ermany by Schultze-Delitzsch,

whom A. S. Hewitt in his report of the Paris

Exposition of 1867, calls therefor " the great-

est benefactor of the human race in our days.

"

This system is based on the principle of " self-

help" through associations of consumption,
of work, of money, through education and
enlightenment, inevitably followed by moder-
ation and good sense. In other places may
be read the accounts and statistics of the

great number of societies for supply of ma-
terials, for co-operation for mutual credit, for

acquiring a higher than the ordinary school-

education,' as they have been established

among workmen all over Germany, especi-

ally under the influence and practical gui-

dance of Schultze-Delitzsch. Great as this

success may be, yet the question is consider-

ed in Europe where its solution is more
urgent than here, of such a high and im-
mediate importance, that new schemes yet
continue to turn up and to be discussed.

There is one amongst these which merits

special attention because it benefits both
capitalists and workmen, and because, to

judge from the practical successes already

obtained, it seems to be the proper way to

perfectly unite in single instances the inter-

ests of both. It has been called " Industrial

Partnership," and consists in giving to the

workmen an actual interest in the business

for which they work.

In a meeting of the engineers of the

Lenne-district, held at Lethmate (Prussia)

on the 12th of July, 1868, Mr. C. Kugel
delivered a lecture on this subject from which
we extract the following interesting remarks.

" In England where this system has orig-

inated, the motives which led to the first

trial, were, dictated to the capitalists not by
humaneness, but by mere egotism. The re-

lations existing between employers and em-
ployees in many districts were then such that

the two parties stood opposite each other like

two hostile armies, ready at any time to begin
an open war. To alter this condition injurious

to both parties, it was thought of granting

the workmen a share of the profits, thus to

inspire them with more interest for their

work, thereby to increase and improve the pro-

duction and to attain to the greatest econo-

my in the manufacture. It was expected

that carelessness in working would thus be
checked or at least greatly diminished, be-

cause the workmen would mutually control

themselves.
" The first trial with Industrial Partnership

was made at the large carpet factories of

Messrs. John and Francis Crossley at Hali-

fax (Yorkshire). These works embrace an
area of 18 J acres of land and a capital of

£1,500,000. They employ 4,500 persons.
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Messrs. Crossley divided the whole of their

business-capital into shares, the fifth part

of which they offered and sold to their em-
ployees at £15 per share. By this operation

they obtained not only perfectly satisfactory

relations with the workmen, but a great ma-
terial gain. Within the first three years

after the introduction of this system, the

yearly dividends amounted to 15 per cent,

and a reserve capital of £11,284 was ae-

mulated besides. In the greatest financial

crisis the value of the shares of this com-
pany did not sink below £17. A success

more brilliant yet was obtained through In-

dustrial Partnership at the coal mines of

Messrs. Briggs at Whitewood and Methley
junction, near Normantown. Continual dis-

sensions between the proprietors and the

men existed at these mines from 1853 up to

1863. In the years 1858 and 1863, regular

strikes took place. The proprietors in con-

sequence concluded to sell one-third of their

mining-property to their workmen, and to

other persons in shares of £15, of which
£10 had to be paid in at once. The work-

men at first showed some diffidence. But
very soon the demand for shares increased

to such an extent from all sides that Messrs.

Briggs kept in their own hand only 6,150 of

the existing 10,000 shares. They sold 1,-

068 to their customers, 1,817 to the general

public, 114 to their agents and 264 to their

workmen ; 230 more were reserved for

further purchases from the latter. The
office-employees took 86 shares, and the

other 178 were sold to 83 miners and 61

laborers. As the works occupy in all 785

miners and 204 labores, one share is,

in the average, in the hand of one

amongst nine miners, and one share

is in the hand of one amongst three

laborers. No one, Messrs. Briggs of course

excepted, can hold more than 6 shares ac-

cording to the agreement. These mines

which in former years in consequence of

strikes and bad work, did not pay any in-

terest whatever, have been able to distribute

from £15,000 to £18,000 of dividends in the

last three years and have besides accumula-

ted a considerable reserve.

" The North-western Manufacturing Com-
pany in Chicago introduced the Industrial

Partnership in the following manner. The
weekly earnings of every workman were
calculated from the average wages for a daily

work of 10 hours. It was agreed that the

whole body of workmen should receive in

addition to their regular wages, the one half

of the net profits exceeding 10 per cent of

the capital. The distribution of these pro-

fits is effected in proportion of the wages
earned by every single man, as found by the

just mentioned calculation. The sharehold-

ers are to receive 10 per cent of the capital

and the other half of the excess. According
to communications received from Chicago,

$50,000 of profits were obtained from one
year's business with a capital of $250,000.
The share of profits paid to the 140 work-
men of the factory were therefore $12,500.
Mr. Borchert, jun. in Beidin (Prussia) was
the first German house who made a trial with
the system of Industrial Partnership. Mr.
Borchert estimated the value of his establish-

ment at 300,000 thalers and divided this

sum in 12,000 shares of 25 thalers each.

He allows one-tenth of them, or 1,200 shares,

to be bought and owned by his workmen and
employees. The share-holders constitute a
company for themselves. They elect three of

their members as directors. The latter have
the right to inspect the books, and they re-

ceive every month full information on
the condition of the business from the

proprietor who is also the general man-
ager of the factory. As soon as three-

tenths of the shares will be sold, the

directors elected by the shareholders, will

have a direct influence on the business

transactions. One half of the net profits

(probably after deducting a certain interest

on the capital) is divided among the work-
men in proportion to the wages received.

These, however, who are steadily employed
and paid by the week receive a greater part

in proportion than those who are paid by the

piece. The other half of the net profits is

divided amongst the shareholders."

After having made these communications,

Mr. Kugel in his lecture further alluded to

the difficulties which in many places may
oppose themselves to the introduction of

Industrial Partnership. He thought how-
ever that, to judge from the brilliant success

obtained with it in some establishments, it

deserves to be warmly recommended. The
introduction has of course to be done cau-

tiously and with special regard to local cir-

cumstances. He finally expressed the opin-

ion that the institution of Industrial Part-

nership will prove a better and safer step

toward the solution of the so-called " social

question," or the question of the improve-

ment of the social position of the working-

classes, than even the institution of produc-.

tive associations.
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We cannot conclude this article without

directing the attention of our readers to a

remarkable feature which some of the above

mentioned examples of partnership have in

common. The proprietors do not sell a cer-

tain number of shares to their workmen with-

out selling at once a much larger number to

outsiders. This appears to be an important

point which prevents direct disputes between

the shareholding workmen and the proprie-

tors about the profits and the dividends.

This remark does not of course, apply to

those cases in which the proprietors, without

selling any shares, distribute amongst their

workmen a certain part of their profits as a

free donation. S.

"aking Foundations in Marshes.—
A new process of making foundations

for bridges in marshy soils has been recently

used on a branch line of the Charentes Rail-

ways Company in France. This line crosses

a peat valley to the junction of two small

rivers ; the thickness of peat was so great

that any attempt to reach the solid ground

would have been very expensive. In order

to obtain cheaply a good support for the

bridge, two large masses of ballast accurate-

ly rammed were made on each bank of the

river, and a third one on the peninsula be-

tween the two. The slopes of these heaps

were pitched with dry stones, for preventing

the sand from being washed away by the rain

or by the floods in the rivers. Over the

ballast a timber platform is laid ; this plat-

form carries the girders of the bridge, which

has two spans of about 60 ft. each. When
some sinking down takes place, the girders

are easily kept to the proper level by pack-

ing the ballast Under the timber platform
;

this packing is made by the platelayers with

their ordinary tools. This simple and cheap

process has succeeded quite well.

The same difficulty was overcome by a

different plan on an ordinary road near

Algiers. This road crosses a peaty plain

nearly one mile broad; the floods and elasticity

of the ground prevented the formation of an

embankment. The road was to be carried over

a viaduct across the valley, but the founda-

tions of this viaduct presented serious dif-

ficulties, the thickness of peat or of compres-

sible ground being nearly 80 ft. It was
quite possible to reach the solid ground with

cast iron tubes sunk with compressed air, or

with any other system, but neither the im-

plements nor the suitable workmen were
available in the colony, and it was a great

expense to bring them, and especially the

workmen, from France. The use of

timber piling was of course out of ques-
tion, as timber is very expensive in Algiers
and quickly becomes rotten; but there was
a set of boring implements with the men
used to work it. The engineers began bor-

ing holes 10 in. diameter down to the solid

ground. These holes lined with thin plate

iron pipes were afterwards filled with con-

crete up to the level of the ground. Each
of these concrete columns bear a cast iron

column ; these columns are properly braced
together and support the girders of the via-

duct which is divided into spans of about 20
ft. and is 20 ft. high over the ground. This
system has succeeded very well, and is to be
extended to another larger valley.

—

Cor.

The Engineer.

STEAM AND POWER HAMMERS.
From a paper before the Civil and Mechanical En-

gineers' Society, by Mr. Frederick H. Roberts,
C. E.

The author referred in detail to some of

the earlier machines, such as the helve or

tilt hammers used for shingling, forging

blooms and shafting, tilting steel, etc., but

as this class of machine depended, to a great

extent, for raising the hammer and its con-

nections, either through the direct medium
of cams, eccentric, or similar arrangements,

it followed that the power required to work
them was extremely large, and the parts of

the machine itself very heavy and cumber-
some to withstand the consequent strains.

It was also found that the larger the mass
of metal to be worked, the lighter the blow
given, and, conversely, the smaller the mass,

the heavier the blow ; it was, therefore, ill

adapted for heavy forgings. The invention

of the steam hammer solved the difficulty

which was found to exist, and to it, to a

considerable extent, is due the perfection

obtained in all classes of machines where
ponderous forgings are found to be absolute-

ly necessary.

The first idea with reference to the steam
hammer the author traced as belonging to

that great engineer, James Watt, who ob-

tained a patent, in 1784, for heavy hammers
or stampers, for forging iron, copper, or

other metals without the intervention of ro-

tative motion, by fixing the hammer head
either directly to the piston or piston-rod of

the engine. Another patent followed this

in 1806, by a Mr, Deverell. He proposed
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to admit steam underneath the piston of an

engine by means of a valve, and during its

up-stroke the air at the top of the piston

was compressed by the pressure of steam

beneath, which was released at the proper

moment. The compressed air on the top of

the piston, in addition to the gravity of the

hammer head, was to give the blow. But
neither of these ideas were put into practice

at that period, and it was not until 1837
that any practical design was put forward

for a steam hammer, and then by Mr. Nas-
myth, of Patricroft, who urged its superior-

ity for working metal over all other ma-
chines, but was unable to procure its adop-

tion until about 1840, when he found that

M. Schneider, of Creusot, profiting by his

design, had constructed a machine on his

plan. In 1842, he obtained a patent for his

steam hammer, and from that time it became
a recognized power, and a necessity in all

works of importance. The facility which it

afforded for executing all kinds of forging

had the effect of greatly increasing the

quantity of work to be done, and effecting

a material saving both in time and labor.

The steam hammer, as originally con-

structed, required the valves being worked
by hand, which left the machine in the power
of the workman to give proper efficiency.

The valves were also very difficult to work.

This plan answered for the time for small

machines, but where rapid motion was neces-

sary, and for larger hammers, it was un-

suitable. Several designs for self-acting

motion, therefore, followed in quick succes-

sion. The author then referred to the dif-

ferent designs that had been introduced for

this purpose. In the ordinary self-acting

hammer, the man has to watch the metal

under operation, and, as its form and
position change, he must set his valve gear

to suit as near as possible. The author

considered that the motion, to be properly

self-acting, should be independent of the

workman as regards the adjusting of the

gear to suit the varied thicknesses of the

metal on the anvil ; and, in order to obtain

the full force of the blow, it should reverse

simultaneously with, or immediately after

the blow is given, and at whatever point in

the stroke the blow takes place. He con-

sidered that was accomplished in Sturgeon's

double-action hammer, where the blow it-

self was made use of as the agent to work
the valve, and described the mechanism em-
ployed ; also the various types of double-

action steam hammer : likewise the numer-

ous modifications and improvements effected.

The author then spoke as to the specialities

of the heaviest classes of steam hammers of

modern date, including those of Mr. Rams-
bottom's design ; likewise those erected for

M. Krupp, at Essen.
With reference to machines of a lighter

class, the author described the various de-

signs for power hammers, and referred to

the patent pneumatic hammer, several of

which he had erected, and which are spe-

cially adapted for general smithy -work, or

light forgings, planishing and beating out
metal, etc. It is extremely simple in ac-

tion, working by means of the alternate ex
haustion and compression of air within two
cylinders, in one of which is a piston, to

which the hammer head is connected by
means of the piston-rod. By opening a

small valve, the vacuum formed within the

cylinder is destroyed, and the blow weak-
ened or stopped instantly, according to the

amount of the valve opened. The machines
are capable of working up to 500 blows per

minute when required.

IROMOMDING.
UNITING CAST-IRON BY " BURNING-ON."*

From the "Practical Mechanic's Journal."

Connecting lead with lead, by running a

stream of very hot liquid lead, suitably con-

fined, in contact with a surface of solid and
cold lead, until the latter had got to its

melting point, and then stopping the current,

so that the two portions become united when
both solid, has been known to plumbers for

ages under the name of " burning together."

In fact, by this method some of the earliest

lead water pipes were made before "drawn
pipe " was known.

This same method of " burning together "

may be also employed by the iron-founder,

and occasionally with great advantage. The
writer, in the course of his early practice,

had occasion to cast four of the very ponde-

rous columnar cast-iron frames which, in the

earlier clays of steam navigation, were to be

employed for the " side frames " of side-lever

marine engines of the heaviest class. The
frames in question consisted of coupled

Roman-Doric columns of considerable dia-

meter, cored out, with cross framing and
entablatures, also all cored out, and with

sundry projecting pieces like truncated horns

etc., whereby the frames were to be united

* See also Van Nostrand's Mag., No. 8, page 705.
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with other " thwartship " pieces, each frame

weighing several tons and consuming a large

amount of wages in moulding.

All four were cast sound and without a

blemish, except that, upon the top box in

which one of these was cast—all being cast

in green sand—some one had unluckily

dropped a bar or something heavy, or put a

foot upon it, and produced "a crush," which

rendered one of these horns utterly amor-

phous. The casting, otherwise perfect, was
in that state absolutely useless, and was
about to be broken up, when the writer

resolved to try and save it by attempting to

"burn-on" anew and perfect horn. The
old and defective mass was carefully cut off,

and removed down to absolutely sound metal.
" Loam cakes," having the proper form for

the horn, were taken from the pattern, the

surface of the cut metal was well dusted

over with powdered glass of borax, after

that the mass of the "frame," in close pro-

pinquity with the defective place, had been

heated red-hot in a coke fire built up around

it. The fire was then raked away, the loam
cakes secured in place, and several hundred
weights of very hot liquid cast-iron were for

some -time kept flowing through the cav-

ity of the loam cake hollow-mould. At
length the flow was stopped, when the cut

surface could be felt, with the point of an

iron bar pushed through the running metal,

to have become pasty and soft, and the iron

was then permitted to set. When finally

stripped and " gaits " etc. removed, the new
horn was found to be perfectly united with

the remainder of the casting, and when
struck it gave the clear sonorous ring which
proves complete metallic continuity.

The success, in fact, was perfect, and
somewhat surprised both the writer, to whom
so large an instance was new, and the marine

engineer responsible for the supervision of

the work, who would not pass the casting

until he had assured himself of the safety

of the horn by striking it heavily with a

sledge-hammer. This method is capable of

being applied not unfrequently with similar

ends in view, and may often save the con-

demnation of a casting and effect a good
deal of economy. It can almost always be

made effective, if the methods be judicious,

for attaching, as in the above case, a heavy
piece to a heavy casting ; but it is a far

more delicate and difficult task to make sue

ceed with smaller and more delicate work,
and there are two generic cases in which it is

useless to attempt it.

One of these is where the form or dimen-
sions, or both, of the casting must remain
precisely the same after the work as before

;

as, for example, if a piece be defective in

the rim or in one of the arms of a large

spur or head gear-wheel, there would be no
great difficulty in replacing it soundly by
casting together as described : but either

the wheel would crack somewhere on the

setting of the " burnt-in " metal, or during

its cooling, or it would have lost its circular

form and "truth" when all should be cold.

Again, if the mass of casting be very

great, and it is but a whole or cavity, regu-

lar or not, that requires to be filled in with

metal, which must be perfectly united with

the remainder, this can scarcely be accom-
plished unless at an expense that renders the

process worthless ; for the -whole huge mass
must be brought to a strong red heat, with

great expenditure of fuel and time and sur-

face injury to it by oxidation, or the union

will prove imperfect. Such has been the

fate which has always attended attempts, thus

to restore defectively cast cylinders for

hydraulic presses. The writer, however,

has little doubt but that a sort of small

coke-fed furnace, with a strong blast, deliv-

ering from a small brick-lined mouth a jet

of flame like that of a large blowpipe, might

be so used as to heat even up to the melting

point—and but very locally or partially

—

any mass of cast-iron, however huge, so as

to admit of "burning on" to it. He once

witnessed sufficient proof of this in the

method taken to repair a defect which
appeared in the neck of a very heavy
cranked intermediate shaft for marine

engines, at the Thames Iron Works, just

before Mr. Mare ceased to direct tliem.

The neck of the crank, about eighteen in.

diam., was rough-turned, when a hole was
found and cut into in the forging, close to

the angle of the neck where joining with

the arm or side of the cranked part. Noth-

ing could be more awkward as to position,

aud the condemnation of the whole forging,

and serious loss, seemed imminent. The
foreman blacksmith determined upon one

trial to save it. He got up just such a

coke-fed giant blowpipe as has been described,

and drove its flame right into the defect or

cavity, having carefully " clayed up" the

iron of the rest of the crank adjacent, to

save it from oxidation.

In about five hours he had the interior of

the cavity at a fine uniform and clear weld-

ing heat. A piece of wrought-iron, well-
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judged—as to form—to rather more than

fill it, had been got ready, and at the right

moment was brought, in a forge-fire, to a

welding heat also ; and the blowpipe blast

being thrown off, the welding hot plug, pre-

ceded by a dust of sand and borax glass,

was thrust against the cavity, and a single

blow of a "tup," beforehand properly swung
ready, sufficed to firmly weld it into place.

The superfluity, when cold, was chipped off,

and the turning of the neck completed,

which the writer witnessed ; and he can tes-

tify that it was not possible upon the clean

cut surface then to discern where was the

new iron, and where the surrounding old of

the original forging. The work reflected

much credit upon the skill of those who con-

ducted it, and in that respect alone deserves

to be recorded. The method of heating,

however, is quite as applicable to cast as to

wrought-iron.

The marine-engine framing above referred

to was treated about 1833. In the " Annales
des Mines " for 1860, M. Mengy gives a cir-

cumstantial account of the same method
having been applied about the same date at

the Tamaris Iron Works, Departement of

Alais, to burning-on the broken-off necks

of the iron rolls of the rolling mill, and
with complete success. Dr. Percy (" Metal-

lurgy," p. 745) states that he has seen a

roll thus repaired at the Millwall Iron

Works, and that the method has been in

occasional use elsewhere.

Dr. Percy also gives an interesting

account of the Chinese method of mending
or stopping holes in their very thin cast-iron

rice bowls or boilers, when broken through

these brittle vessels, by means of a plug of

pasty cast-iron adroitly applied by the native

"tinker." He cleanses the edges of the

hole, melts a sufficient large bit of cast-iron

in a small crucible, in a little charcoal fur-

nace, tilts the liquid iron out upon a folded

damp cloth spread with ashes and held hol-

low in the hand, and at the moment before

the cast-iron assumes the pasty state just

before "setting," he thrusts it up to the

outside of the hole and through it, and
smoothes the overplus at the inside with

another like cloth ; so that he has thus made
a sort of irregular rivet of the semi-liquid

material. There is here, howc-ver, no
metallic union. The case is precisely ana-

logous to the manipulation by which the

plumber makes a " wiped joint," applying

the semi-liquid plumbers' solder, held in the

hollow of his " tickenfelt," rapidly and

adroitly to and around, the shaved and
tallowed surface of the adjacent ends of the

lead pipe to be united ; and equally analo-

gous to the way that holes in earthenware
vessels are sometimes mended in this coun-

try, by a semi-liquid rivet of fusible metal
quickly pushed through and smoothed over
on both sides. It is not impossible but that

more extended uses of this same method and
of the analogous properties of cast-iron,

though at its much higher temperature,

might be found if looked after.

Where a mere cavernous defect exists in

castings which injures appearance only, and
which may be filled up level as sufficient

remedy, cast-iron is very often dropped into

the hole and the surface instantly scraped

or cut off level by shoving an iron straight-

edged scraper across the mouth of the now
filled-up hole. This, however, is seldom
a very neat method of repair, and some
iron-founders adopt for the filling material

an alloy which is almost identical in color

with the dark surface of freshly-made cast-

ings, but is much more fusible than cast-

iron.

This alloy is said to be best composed as

follows

:

Antimony 65
Copper 16
Lead 13 by weight.

Some prefer

—

Antimony 69
Copper 16
Tin 2

Lead 13 by weight.

The copper, tin and antimony are melted
together first, and the lead then added.

Where, for such operations as are above

referred to, defective or other parts of cast-

ings, more particularly of large size, require

to be cut off, if there be suitable appliances

at hand, they are much more easily removed
at a cherry-red heat by means of a rapidly

rotating circular saw, as in cutting off the

ends of rolled iron rails, than by cutting

away with machine tools or by hand, cold.

Indeed, in many ways besides this, cast-

iron is an extremely tractable material

at a low or cherry-red heat. Thus, for

example, at that temperature, castings

which have been molded flat may, if need

be, be curved by bending over a saddle of

suitable form and to almost any extent.

Or curved pieces, buckled in the cooling,

may be forced back flat, or the curvature of

pieces, which have too much departed from

that of the model, by contraction in cooling,

may have their curvature corrected, etc.
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The writer once cast a great number of very

thin perforated flooring plates for a bridge,

which were required to be curved into arch

plates. They were cast quite flat, which,

owing to peculiarities of form and perfora-

tion, was found the best plan to secure

soundness, and then curved by bending over

a saddle of baked fire-clay; for the saddle

must not be of good conducting material, or

the casting gets chilled and possibly broken.

lackpriars New Bridge.—When one

of average imagination, distant foreign

travel, and general reading, sits down to

write about the last important bridge that

has been built in this country, he cannot

avoid a dream-like glimpse at bridges every-

where ; the natural bridges of South Aueri-

ca, with earthquakes for their engineers,

contractors, and workmen ; the many thou-

sands of primitive bridges in China, formed

of huge slabs of stone, brought in many
cases from immense distances by human
labor ; the numerous interesting bridges in

France, Germany, Switzerland, and other

parts of the continent of Europe, not to

speak of the triumphs of this generation's

engineers in overcoming almost all conceiva-

ble kinds of difliculty in bridge construction

that could be presented by climate, materials,

situation, or other circumstances in every

quarter of the globe. * *

Blackfriars bridge is altogether formed of

wrought-iron so far as the main structure is

concerned—the embellishments only being

of cast metal. Preparatory to the actual

commencement of this important undertak-

ing, the erection of a temporary wooden
substitute, as well as the demolition of the

old bridge were necessary. The first piles

for the requisite gantry—one-third of which
is now removed—were driven in, June, 1864.

As it is generally considered in the London
district that the London clay must be reach-

ed to obtain a sure foundation for large

buildings, this course was here followed, in-

volving three or four months of incessant

daily and nightly anxiety and labor—on ac-

count of the tides. For our part, however,

we coincide with the opinion of some eminent
practical engineers, that there is no absolute

necessity for going down to this clay, and
that consequently, in doing so, much need-

less expenditure of time and money is incur-

red. The bridge consists of five arches,

namely, two of 155 ft. span each, two of

175 ft., and one of 185 ft. The height of

rise in the center arch is 17 ft., and in the

others 16 ft. and 12 ft. respectively. Instead

of regularly-framed centring, piles were
driven down to support the ribs where re-

quired, which doubtless saved the contrac-

tor much expense both in erection and
demolition. The ribs were then wedged up
to the soflit of the arch ; these wedges or

slacks are now removed, so that each arch

rests on its own skew-backs, and the piles

can be taken away at once. Mallet's patent

buckled plates, which, as most of our read-

ers know, are made of about ^-in. plates of

iron placed heated over a mould and stamp-

ed by hydraulic pressure into the shape of a

groined arch, are bolted to the roadway bear-

ers by f -in. rivets, and form an immensely
strong platform. On this is put one inch

thick of asphalte ; over this again—an ad-

dition to and improvement on the usual prac-

tice—a layer of broken stones and asphalte,

from 9 in. to 12 in. in thickness, is placed
;

and lastly, on top of all, is granite pitching

as ordinarily laid on roads. The total length

of the bridge is 1,272 ft. ; its width, includ-

ing the roadway of 45 ft. and two footpaths

of 15 ft. each, is 75 ft. The gradient is 1

in 40. There are eight polished red granite

columns, between which there are parapets

3 ft. 9 in. in height. Over each column
there are recesses in which there are seats

capable of resting ten or a dozen weary
pedestrians. A handsome row of lamps will

be placed along each pathway, a little back
from the kerb—a plan not adopted on any
other of the Thames bridges—and they will

be so arranged as to facilitate the naviga-

tion after dark. The balustrades are Vene-
tian-Gothic in design. They were beauti-

fully cast by Messrs. Lloyd, Foster, and Co.,

at their works in Wednesbury, Staffordshire,

and will form an elegant adornment to the

broad York stone pavement. This, with the

Thames Embankment, which will meet the

bridge at the north abutment on the same
level, will form a promenade, on which, no

doubt, the ghost of Dr. Johnson will vary

his " walk down Fleet-street," and which

will prove a source of health and recreation

to the pent-up denizens of the City. View-
ed from the river, either in ascending or

descending the stream, Blackfriars Bridge

will present a fine appearance with, as will

of course eventually be the case, character-

istic groups of statuary to crown the abut-

ment piers, capitals on the polished granite

columns, representations of sea-birds and
plants on the east, and of their fresh water
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prototypes on the west fagades, finished by
the sky line of the chaste parapet, relieved

at intervals by the handsome lamps.

The cost of the erection and maintenance

of Blackfriars Bridge will be defrayed from

the funds of the Bridge House Estates, the

revenue of which is some £40,000 per an-

num, and to which £21,000 will fall in, in a

couple of years, from terminable annuities,

on which money was advanced by Govern-

ment for the building London Bridge.

—

The Engineer.

THE GREAT BRONZE FOUNDRIES OF
FRANCE.

From "The Practical Mechanic's Journal."

The casting in bronze, as the ct ief amongst
several metals or alloys by which the artist

can endurably entrust the conceptions of

his imagination to a remote futurity, mounts
as an art to the very earliest yet known
origins of our race. China, India, Babylon,

Egypt, Greece, Rome, the middle ages of

our Europe, the Renaissance, and our own
day contribute their monuments or testimo-

nies of this. And yet, in some senses, the

art has never spread, or become a diffused

or universal one ; at this moment there is

really but one great bronze-casting nation iu

the world—France.

England has not been absolutely without

attempt to establish bronze-foundries of

works of art ; but while we have dozens of

brass-foundries existing chiefly as integral

parts of our great engineering establish-

ments, in which heavy and light bronze or

brass castings, for parts of machinery etc.,

are made in great perfection, there really

does not exist, we believe, in Great Britain

a single bronze-foundry devoted solely to the

speciality of fine-art castings.

Nor are we likely soon to see such, for a

great foundry of Bronzes, as objects of high

art, demands the combination of two classes

of industrial ability, only one of which we,

as a nation, can command from amongst
ourselves. We must obtain the respective

manual skill of the moulder and founder,

and, in addition, the hand and eye and
genius of the modeler and the metal-chaser

;

and we may add, above all, that generally

advanced and educated standard of taste

amongst our people, more especially of the

wealthier classes, to appreciate and reward
their combined efforts. This combination,

of distinct but closely allied and mutually

Vol. I—No. 9.-55.

helping talents and powers, can never be
broken up and yet success await the issue.

It is for this reason that, while we have
had Bramahs (the younger), Robinsons, and
Cottams etc., spasmodically attempting the

art, and indeed making very fair castings

—

merely viewed as such—and have had (to

say nothing of divers "men in brass jackets")

colossal lions, moulded by a painter and cast

by a marble sculptor, we have never yet

produced a first-rate group in bronze ; nor

ever established artistic bronze-casting as a

fine-art industry amongst us. The Bramahs
and Cottams etc., were mere moulders,

brass-founders ; the Marochettis, whatever
they may have been as sculptors, were trading

speculators in casting statuary ; an art of

the refinements and details of which they

personally knew nothing, and for the execu-

tion of which, in their pompously styled

atelitrs, they were dependent upon the hire-

ling skill of workmen, who well knew the

practical ignorance of their employers.

Prussia and Austria—especially the for-

mer—have been a good deal more success-

full ; and almost wholly because they could

command the poetry of art, and bring it into

the foundry, which we cannot do. And per-

haps there is no single modern monument of

fine-art bronze-casting in Europe or in the

world, at present, of nobler conception and
execution than the grand equestrian statue

of Frederick the Great, with its surround-

ing figures and colossal base, on the Linden
at Berlin.

Russia, too, has had her long-descended

line of first cousins to bronze-founding in

the men who cast the gigantic bells of the

Kremlin, and her huge old bronze guns

;

and their descendants have produced some
very noble statue-castings, such as the

Colossus of Peter the Great, and a good
many very finely-cast statues of smaller size,

such as the horses and horse-tamers pre-

sented to Ferdinand, of Naples by the late

Emperor of Russia, which are over the

piers of entrance to the Palace garden at

Naples.

But, all these lave baen spasmodic efforts,

sporadic results ; in France alone has artis-

tic bronze-casting taken firm root, nut as an

appanage of despotic extravagance, but as a

noble and genuine branch of industry. It

would almost seem as if this Roman art

had descended to the French, as certainly

the lineal succ< s-ors in many respects of

Rome, and the people over the face of whose
country Rome spread more widely and
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choicely the education and the solid monu-
ments of her civilization, than over any

other area in Europe. This, however, would

be hut a fancy : the expansion and success

of fi^e-art bronze manufacture in France,

and, par excellence, in Paris, has really been

due to the art-loving genius and impression-

able imagination of her people, to their art-

education, long continued and well under-

stood by those who have conducted it in

successive decades ; and to the patience and

habilete of her workmen, supported and
empowered by the genuine knowledge and

metallurgic science of those who lead them.

On the whole, brass and bronze-founding

is much more of a speciality in France, in

all its departments, than it has (hitherto at

least) ever been in England. We do not

make any reference now to Government
foundries, such as the bronze gun-foundries

of France or of England.
There are, however, in France, great

establishments—such as those of M. Voruz,

at Nantes—engaged wholly in bronze and
brass-founding, and with special depart-

ments for artillery, for casting for mechani-

cal purposes, and for statues and other

objects of architecture and of art ; all

being, though of course with the usual fluc-

tuations of trade, kept constantly at work.

We are ignorant of a single like establish-

ment in Great Britain. Paris is, however,

the great head-quarters of fine-art brass and
bronze-casting, and practically supplies the

world with its productions.

We view, as out of this trade altogether,

the very numerous, and, in a trade-sense,

important brass-foundries of Birmingham
and its neighborhood, engaged upon small

objects for house or domestic or other use,

and which profess to have more or less of

ornamentation, but certainly have but small

pretensions to art, in any worthy sense.

Nor do we refer to Japanese bronze and
brass work, further than just to remark,

that while objects of considerable, some of

great, antiquity brought thence formerly by
the Dutch, and more recently by ourselves

and other European nations, prove that at

some anterior epoch, artistic bronze manu-
facture had reached a very noble perfection,

and great peculiarity and often beauty of

treatment in design, more modern examples
equally prove that the art has greatly

deteriorated amongst that wonderful people,

or that we now receive from them none of

their best examples of art.

No English person who has been a day in

Paris can have failed to be struck with the

profusion of bronzes in the public ways, in

the buildings public and private, and in the

shop windows. Bronze-casting is, in fact, a
great industry there. There are probably
not less than three hundred houses engaged
in the trade in one way or other; but of

these there are no more than perhaps about
fifty who are actual manufacturers, and of

these again not more than about twenty
who stand in the first rank, of ability and
eminence, either as conducting some one or

more special branches of the bronzes des

beaux-arts trade, or the -whole of them.

But although thus the finished objects of

the Parisian bronze-founder arrest the eye
and glitter before us at every step upon the

Boulevards or in the Palais-Royal, next to

nothing is known generally, not even to the

technical or metallurgically-skilled visitor to

Paris, of the establishments whence these

beautiful and costly objects issue, or of the

apparatus and methods by which they are

produced. They are, in fact, sealed, rigidly

shut against all intruders, and for many
good and sufficient reasons, which do not

admit of being regarded as the mere offspring

of narrowness, timidity, or jealousy. One
only we need mention. The workmen are,

in each of several classes, specialists, in a

sense the most absolute, and French employ-

ers have found that unworthy and unscru-

pulous means to detach these men and bring

them elsewhere, have been but too often

practiced by those to whom the grace of

entree may have been accorded.

We have heard, though we do not at all

intend to suggest, that, in this way, fine-art

bronze-casting in Belgium and in Germany
has been very much advanced by the intro-

duction of French artisans.

In Italy most of the workmen, in such

establishments as that of Signor Clement
Papi, which produced the largest bronze

statue, that of the David of Michael Angelo,

in 1867 at Paris, are natives ; but we believe

this is not the case in Prussia, Austria, or

Russia.

So far as we are aware, no literature exists

which treats in a detailed or practical way
of the methods and apparatus of the fine-

art bronze-foundry. We shall find none

whatever where we might have expected it,

viz : in the volumes of Reports of the

French Imperial Commission of the Exhi-

bition of 1867, or, indeed, in the reports of

any preceding one. The reporter for 1867,

on class 22 (Vol. Ill, of the collected
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reports) was M. Barbadienne, the man who
perhaps, above - all others, could have given

as a complete and invaluable treatise upon

the technicalities of this manufacture, in

which he has so long and so conspicuously led

the advance. We look for any such details

in vain ; not that we imagine M. Barbedienne

felt the slightest desire or ground for

reticence, but that the space assigned him in

these volumes as a reporter was far too

restricted to admit of his dealing with more
than mere generalities ; indeed, the whole

500 pages of Vol. Ill might prove less

than enough to enable, one at once so skilled

in every detail, aesthetic and technical and

so enthusiastic, to pour forth the treasures

of his knowledge upon this speciality, in

which he so admittedly leads.

Where no literature exists, therefore, a

sketch may be accepted as a not unwelcome
installment. Such we are enabled to give,

the writer having been recently accorded by

M. Barbedienne himself the unusual md
special favor of the unreserved examination

of his noble foundry and manufactory at

Paris.

There are, no doubt, half-a-dozen fine-art

bronze-foundries in or about Paris, the des-

cription of any one of which would prove

interesting. That, however, of M. Barbe-

dienne stands amongst these facile princeps,

and indeed is not one, but, so to say, a con-

geries of special manufactures. The works

are situated in the B-ue de Lancry, at not a

very great distance from the well-known

"show shop" uf bronzes, as our homely

phrase is, No. 30- Boulevard Poissonniere.

It is, however, happily placed, though still

upon the edge of that quarter of fashion,

traffic, and pleasure, also upon the border

of that wonderful north-east quarter of

Paris, which, like our own north-east of

London, is the seat of so many of its myriad

industries, and which, as respects the French

capital, is a terra incognita to ninety-nine

out of the hundred Englishmen who visit

that city, or even reside in its fashionable

quarters.

Entering from the street, we pass through

a range of offices, waiting-rooms, packing-

rooms and stores, and find ourselves crossing

a yard, and at once in the large bronze-

foundry.

The establishment comprises, in fact, the

following departments if we may not almost

call them distinct manufactories :

1. The bronze-foundry and its accessories.

2. The chasing-shop

—

galerie des ciseleurs.

3. The shops for the production of models,

and for the completion of a large number
of these in the permanent material bronze.

4. The marble work ; a complete estab-

lishment for the working, both by machine
tools and by the sculptor's hand, of all sorts

of marbles, onyxes, and other fine and hard
minerals.

5. The shops for mounting of Carcel

lamps and other objects of artistic bronze

work in combination with porcelain, glass,

etc.

6. The enameling shops, in which that

peculiar form of " emaux vloissonnes " which,

dating from Byzantine art originally, had
been lost to practice for ages in Europe,

though always employed in China and Japan,
and were revived in France by M. Legost,

ia 1855, and greatly extended by M. Barbe-
dienne.

7. The " atelier," in which the delicate

and beautiful machinery of M. Collas is

worked for the automatic reduction or

enlargement of solid forms.

This machinery is constantly employed in

the production of new models for bronzes,

etc., whether figures or bas-reliefs, etc., and
of every size. It constitutes, as M. Barbe-

dienne has himself affirmed, the right-hand

of the bronzist, enabling him not only to

reproduce the forms of ancient art with

rigid exactitude, but to copy them equally so

to any scale, and at an extremely small cost.

Were it not for this machine-tool, it would
be impossible, at any reasonable prices, for

M. Barbed'enne to quote in his catalogue

sometimes as many as eight different sizes

for the same reproduced antique statue, and

to have at command five or six sizes in

bronze of nearly all the celebrated statues,

ancient or modern, which enchant the

world.

M. Collas' machinery gained him, and we
believe very justly, the grand medal of

honor at Paris, in 1855. Its rudiments,

however, are very ancient, and to be found

in many an old book on turning ; and in

reality we believe there is little doubt but

that all which M. Collas has effected was

done, and thoroughly well done, by Chever-

ton in London as early, perhaps, as 1830

;

as those who have seen, or are happy enough

to possess, specimens of his matchless repro-

ductions to a reduced size, in ivory, of the

antique bust of Clytie, must be aware.

Cheverton, however, worked his machine in

secret in his chamber, and would not divulge

its details, and we believe died without hav-
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ing ever fully and publicly claimed to have

been its perfector.

"What degree of similarity there may be

between both we cannot say, but all machines

of this class in reality depend upon the use

(more or less implicated, of course) of a lever,

the ratio of whose arms is variably at will,

one end of which carries a dumb point which

traverses, in closely and equally adjacent

parallel lines, over the contour to be copied
;

while the other end, guided by that, carries

the revolving or other cutting tool which

removes the brute matter from the mass, to

be formed into the reduced, or equal, or

enlarged copy, and can remove no more.*

8. Besides all these there are " mounting-

shops," where the bronze pieces are con-

nected, either with precious marbles or

stones, or by " menuisiers-ebenisles " with

fine cabinet work.

Subsidiary to all these there is a grand
gallery or store, for porcelains, Indian,

Japanese, French, English, etc., to be

employed for divers ornamental ends in com-
bination, and a whole tribe of small shops

for the preparation and repair of tools,

etc., etc. We need scarcely say amongst
these are "drawing shops," artists' studios,

in fact, where the imaginative brain rabor

that inaugurates much that follows, is in

full play on the part of architectural and
sculptural draughtsmen, and other artistic

" cooper•ateurs" of the establishment.

Let us return to the foundry and its

adjuncts, of which we can describe much to

interest our readers, without any breach of

the confidence reposed in us, as visitors to

these famous works.

The foundry is a very large rectangular

brick building, whose sides are about twice

the breadth. It is lighted by ample sky-

lights in the roof, and we at once notice the

perfect cleanness of the walls and roof, and
the nice clear pearl-white with which the

brick of the former is colored, so as to

afford the best light without distress to the

eye. There are no piles of rubbish about,

neither spare-boxes, nor unused models; all

is orderly, a picture of neatness.

The floor, with the exception of some
gangways, is of loamy sand, and ready in

heaps beside each moulder.

The greatest proportion of the work being-

small, or very small, so the whole (nefarly)

of the moulding work is done on benches.

These occupy a large proportion of the

whole area, and are arranged transversely to

* Blanchard lathe.

the length of the building in parallel ranges,
with an axial gangway passing right through,
and dividing them along the center. Each
bench is double, i. e. two benches and two
sets of moulders face each other at work.
Each bench varies in width from 3^ to per-

haps 5 feet ; and the mid-line of separation

between the opposite benches of the same
double bench is occupied by a raised division,

with a low table or shelf on top to hold tools.

By far the greater portion of the work is

moulded "in dry sand," the large statues

being in true "loam work," but "green
sand " moulding for small, plain, or unim-
portant objects is also largely practiced.

At one side of the " salle " is the place

where the sand is prepared, mixed and
damped. The sand employed is of two
qualities, one being of a deep brown color,

and very loamy ; the other of a very light

yellowish-white, with more yellow particles

parseme. Both are obtained at Fontenay
des Roses, not far from Paris to the north-

west. The two sorts are mixed, first, by
interstratefying them in alternate layers in

heaps, the relative thicknesses depending
partly on the class of work the sand is being
prepared for.

These zebra-striped heaps are then cut

down with the shovel, and the whole set

between a pair of very fine set horizontal

cast-iron rollers. The sand is finally, after

being damped to the right degree, sifted,

and so handed over to the men. The
" chassis " or moulding-boxes are all of cast-

iron, very carefully fitted together, and with
well-planed edges. We did not see a single

wood-box* (so common even now in British

brass-foundries), nor any makeshift of any
other sort about the establishment.

Wood patterns or models also are but little

employed, except for objects to be finished

in the lathe. The models are chiefly of

bronze, carefully chiseled or chased up, and
given a dull brownish-grey sort of " patina,"

which seems to enable them to part from

the sand with very great cleanness. Plaster

casts, fusible metal, wax, and even occasion-

ally porcelain or glass come into play as

models also. All the bench moulding-work

is of a character demanding great care, dex-

terity, and patience. The latter quality, as

well as steadiness of hand and perfection of

vision, find their greatest demand with the

moulders who are engaged in casting objects

which are to form the basis for the emaux
opaques et cloisonnes.

* "Practical- mechanic's" name for "flask."

—

Ed. V. N.-'s Mag.
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Our readers generally are, no doubt,

familiar with the character of these from
seeing the like objects exhibited in Chinese
and Japanese collections. The design,

always of a stiff and conventionalized

character, is outlined, as it were, and its

distinct portions divided by very thin walls

of bronze, mere lines almost, which rise

square up from the general surface of con-

tour of the object, and to a height equal to

the depth of the intended coat of enamel,
which is very thin, not more even than a

millimeter, seldom more than half as much.
Thus, in fact, the enamel when baked in, is

held fixed in so many shallow bronze-sur-

rounded cells, the dividing and adjoining-

edges of which are polished off bright, at

the same time that the enamel is ground off

to a uniform surface. This little digression

may serve sufficiently to explain the nature
of emaux cloissonnes ; and into the details

of the compositious of the enamels them-
selves, and how applied and completed, we
do not here purpose entering.

It will thus be seen that the very utmost
importance attaches to casting these little

cloisons, or cells, perfect ; any morsal of

bronze improperly filling a portion, however
slight, when cast, has to be cut out by hand,
and at some risk of damaging the thin low
wall of the cloison itself.

It is almost painful to watch the lynx-

eyed patience with which the moulder of

one of these objects—say, a huge vase of

three feet in hight, covered all over with
thousands of these cells—finishes each, with
minute almost microscopic hand tools, after

he has "drawn " the bronze pattern. The
value of this is represented mainly by the

money consumed in payment for the design,

the original wax and plaster model, and the

casting and hand-finishing of this workable
bronze pattern ; such patterns are laid aside

on cushions, and kept covered carefully.

We shall not devote space to describing

the considerable system in operation for the

organization, registration, preservation,

cleansing, and return into store, of the

innumerable patterns. The law of copy-

right, which in France is far more protective

and precise than it is with us, has greatly

relieved such men as Barbedienne of one of

their anxieties, viz : that of having their

design stolen, or their models bought for

patterns by others ; still, the chefs d'ceuvre

are guarded with care.

The facing sand of the moulds, whether
dry or green, is prepared with a mixture of

charcoal dust and of potato starch, or of

wheaten flour of the very finest grinding.

In the preparation of these each moulder
takes his own way, and there appears to be

as mach whim and variation here, as amongst
iron-moulders. Sand cores, amply hollowed

for air, are employed for all hollow objects,

not of large size or not cast in loam ; for

the latter, the cores are also of loam. In
statue-casting it is deemed of high import-

ance to the final perfection of form when
cast, that the thickness of the casting should

be perfectly uniform. This arises chiefly

from the great contraction in cooling (from

1 to 2 per cent) of bronze, and the pro-

longed state of plasticity through which it

passes between the liquid and solid states.

Hence, if there be thick parts as well as

thin, the latter solidify so completely before

the former that the thick parts get more or

less distorted. The distortion may be utterly

invisible to the undisciplined eye, but that

of the artist-workman here readily detects

and finds fault with a change of form in the

muscles of a " Discobalus " or a " gladiator,"

or in the voluptuous rounding of the limbs

of a Venus accroupie'"
1

or "de Milo," which
the world at large cannot discern.

The contraction of cooling is found to

augment in ratio, with the size of the object

cast, being greatest in large statues. For
all these reasons, the utmost care and some
very refined, though simple, methods are

employed to ensure that " the core " shall

be in form precisely similar to the exterior

of the statue or figure, and that it shall be

placed and fixed in the mould with rigid

concentricity. It is the opinion of M. Bar-

bedienne, which he has expressed in his

Jury lleport (Class 22) of 1867, that wheaten

flour is not so good a facing material as

charcoal dust ; but he deems that much
remains to be learnt as to the best material

for facing bronze sand-moulds, and hesitates

not to say that no moulder now-a-days suc-

ceeds in attaining an equally fine and uni-

form granulation of surface as was habit-

ually produced by some of the great bronze-

founders of older days, such as Richard,

the Ecks, Durand, and the brothers Keller,

who cast so nmch for Louis XIV.
It is also worthy of memory how fully M.

Barbedienne insists upon the primary import-

ance of perfection in the moulding and
casting. Most persons would say that an

object which was to pass into the hands of

the " chaser," or ciseleur, might be cast as

rough as we please, and yet all its faults be
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remedied in the metal-sculptor's hands.

Skilled experience says no ; it even goes so

far as to say, if the work come out of the

sand perfect, the less the " chaser " does to

it afterwards the better; and, in fact, M.
Barbedienne boldly attributes the matchless

beauty of many antique, or even middle-age

bronzes, to the fact that in these, the same
mind, eye and hand carried through the

entire process, from the conception of the

model to its completion, thence to the

moulding and casting, and finally to the

chiseling and dressing, and to complete

finish.

This seems to have been true in some
cases at least, if not in general. The
exquisite bronze statuette of the young man.

found about five years since at Pompeii,

which has been called, though on no sufficient

evidence, "the Listening Hunter," and

which is undoubtedly one of the finest repro-

ductions in the world, to reduced scale, of

the youthful male form, as well as several

of the great relievo castings of mediaeval

Italy, in gates and well ("pozzi ") curbings,

are cases in point.

But to return ; at the end of the foundry,

furthest from the entrance, are the furnaces,

the stove for drying the moulds and cores,

of which we need say nothing but that it is

heated by the waste furnace-heat, and a

large wrought-iron jib crane for pitting and

unpitting boxes in which large objects are

cast.

The bronze for all moderate-sized objects,

say up to 250 kilos., is melted in clay cru-

cibles, which are made in the neighborhood

of Paris, and hold about 30 kilos, each.

These are not extremely refractory, but

stand three or four meltings.

There are eight crucible furnaces, in form

very much that of the ordinary brass fur-

nace, but differing from usual practice, in

England at least, in that they are not wind
furnaces, but are fed with blast, from a

small fan (about 20 in. diam.), driven by a

strap from the engine of the " maibrerie; "

the fuel is coke, and the advantages seem to

be patent of this arrangement. The metal

is " brought down," i. e. melted, very much
faster, the " heats " can be repeated much
more rapidly, and the consumption of coke

is greatly less than with wind furnaces.

Then again, when the crucibles are about to

be " drawn," the blast is thrown off, and
there is much less flare and heat to be

endured by the man who lifts them out.

The tops of these furnaces are of cast-iron,

the covers of iron-bound square fire-tiles,

and the tops are about 22 in. above the floor

level.

The large air-furnace is fed with dry wood
fuel, and will melt upward of 1,000 kilome-
ters.

In older times statues were always cast in

a loam-mould, put together piece by piece

in the excavated pit, and, as fitted in place

and jointed up, the pit was rammed up
round them. This was but a make-shift
mode, and had several serious evils : the
mould never could be dried with perfect

uniformity; and even when dry, it stood so

long in the pit while being got ready, that

it imbibed moisture anew, and hence so

many " mis-casts " of old. Under the heavy
head of liquid bronze, too, the ramming-in
of the pit sometimes proved soft and decep-

tive, so that here or there the walls of the

mould partially bulged, and the casting was
either lost or damaged.

All M. Barbadienne's statues or lai'ge

objects are cast therefore in cast-iron flasks

or boxes, so that the pit is what iron-foun-'

ders call a "naked pit," i. e. no ramming-
up is practiced.

A " pool " or reservoir of sand with char-

coal facing, is employed for all large cast-

ings, into which the contents of the crucibles

are " teemed," or into which the air-furnace

is tapped. When the full quantity of metal

is in the pool, an iron conical plug, which
had been inserted into and stopped the main
"gait" or "coulee" is drawn up, and the

metal enters the mould.

It passes off (as overplus) by " rising

heads," as in cast-iron moulding, and "the
gas is fired " at these, by a lighted torch in

the same way. From the low temperature

of the liquid bronze, however, as compared
with cast-iron, but a small volume of gas is

evolved from either moulds or cores.

The head of surplus pressure employed
is always very small, for fear of distortion

;

a practice exactly the reverse of that of

bronze-gun founding, where the " masselet
"

or " rising head " is often nearly as long as

the gun itself above its muzzle, which is

uppermost in the mould. It may be very
much doubted, or even on plausible grounds
contested, whether any advantage is obtained

by these very long " gun heads," and
whether some positive evils in the increased

segregation of the alloy be not thus intro-

duced. Bronze-gun founding, however, is

now, in these days of huge wrought-iron

artillery, somewhat an art of the pa3t, it
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may be said. We must remember, however,

that Prussia is returning to bronze rifled

field-guns, and that our new rifled Indian

artillery is also to be of bronze.

The metals employed by M. Barbedienne

for his bronze are very pure " tile pitch
"

copper, and English or Straits tin, also of

best quality. The copper is usually South
American, again melted in France, purified

by "liquation," and run into small pigs of

about the size and form of ours known as

"Best selected copper."

A proportion of bronze from "gaits and
runners " is usually added, but the compo-
sition of this is quam prox. already known
and constant, and its material is unadulter-

ated, so no mischief can arise. No old

material, whether copper, bronze or brass is

ever employed ; and the directeur du travail,

who so intelligently and politely showed us

round the works, and explained their

methods with the lucid brevity so character-

istic of the higher wntre-maitre of France,

expressed his opinion that it was impossible

ever to cast a first-rate statue or relief,

especially of large size, from old bronze guns,

or other old material of variable composition.

He instanced many proofs of this ; and,

undoubtedly, the porous bad castings of the

reliefs of the Napoleon Column in the Place

Vendome, of the statue of Desaix, etc., at

Paris, and of our own Trafalgar Square
lions seem to sustain this view.

That bronze ornamentation is not more
widely diffused in Europe generally, and
that it is so prevalent in France, arises from

two main causes. Fiscal or custom-house

regulation of absurd severity in the case of

all the European nations ; and en the part

of the I nited Staces, and as respects our-

selves, want of diffused good taste or per-

ception of beauty in form, either in the

interior or exterior of our public or our

private buildings or national monuments.
For 100 kilos, of bronze, on entering the

frontiers of each of the following nations,

the duties are thus :

Bronze. Bronze gilded.

Russia 377 francs 470 francs.

Austria 250 " 250 "

Spain 155 " 155 "

France 20 " 100 "
Italy 17.17" 100 "
Switzerland 16 " 100 "
Prussia 13.10" 112.50"

In United States 350 franos on 1,000 francs value.

Belgium 100 " " " "

Holland 50 " " >" "

England and Portugal alone admit bron-

zes free,

The bizarrerie of these figures forms a

curious commentary on the wisdom of

finance ministers everywhere.

We must, however, reserve to a future

article some further remarks upon these

works for bronze, and upon ornamental zinc

and iron castings, which follow humbly in

its steps.

SEA-GOING TURRET-SHIPS.

From " The Practical Mechanic's Journal."

The completion, at Chatham, of the Mon-
arch affords a fitting opportunity for a few
remarks on sea-going turret-ships. It is

well known that the earlier turret-ships of

our navy—the Royal Sovereign and Prince
Albert—are really coast-defense ships, since

they have only a minimum of sail-power,

and are so badly supplied with coal as to

limit very narrowly their steaming capabil-

ity ; for coast and harbor defense they will,

however, prove useful, should their services

ever be required. Besides these, we have
in our navy the far-famed Scorpion and
Wivern, built by Messrs. Laird during the

American war, and purchased by the Gov-
ernment after they had been for some time
in the custody of the authorities on suspicion

of being intended for the Confederates.

Perhaps no vessels have ever attained a
reputation more disproportionate to their

real powers of offense and defense than
these two ships ; for, although thinly ar-

mored and but weakly armed, they have
been frequently described as most formida-

ble vessels. We do riot, however, propose

to discuss the merits or demerits of those

ships, but simply to add respecting them
that, although intended to keep the sea, and
therefore provided with a moderate amount
of sail, they have proved very inferior sea-

boats, the Wivern having particularly dis-

tinguished herself by excessive rolling. The
advocates of the turret system have always

argued that the bad performance of these

ships was in a great measure the result of

their moderate size (they being of less than

1,900 tons burden), and have urged the de-

sirability of bringing the turret system into

competition with the broadside system in

ships which, in point of size, could compare
with our armored frigates ; this trial will be

rendered possible very shortly, when the

Captain and Monarch are complete for sea.

It would, of course, be folly to predict ex-

actly what results will be obtained ; one
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thing, however, seems certain, viz : that, as

sea-boats, both of these vessels will prove far

superior to any existing turret-ships ; and
there is every probability that the Monarch,
if not the Captain also, will prove as efficient

under sail as our broadside iron-clads.

Although classed together as sea-going

turret-ships, there are some very great dif-

ferences between the Captain and the Mon-
arch. The former, we need hardly say, is

supposed to be the fullest expression of

Captain Coles' ideas respecting ships of the

class ; the latter was designed in the Con-
troller's Department at the Admiralty, and
must, therefore, be regarded as the repre-

sentative ship of the type of which the

naval officers, then at the head of our navy,

most approved, and which the professional

officers did their best to perfect. Looked
at by an unprofessional spectator, the Mon-
arch presents no special feature ; she has

the lofty sides and upper deck of a broad-

side ship, and is rigged in the usual manner.
In fact, in all respects except the turrets,

and some special arrangements of flying or

hurricane deck for carrying boats, conse-

quent upon the turret armament, the Mon-
arch closely resembles the broadside ships

which immediately preceded her. What
would be the central battery on the main
deck—if she were a broadside ship—is the

space in which the turret-beds are built

;

and there are; of course, no port-holes in the

side armor. On this central space or bat-

tery the armor rises to the height of the

upper deck, about 14 ft. above the water

;

before and abaft it there is an armor belt,

extending throughout the length, and reach-

ing from about 5 ft. below the water-line up
to a nearly equal distance above it. In-

stead of this, the Captain has her upper

deck only 8 ft. above water, and throughout

the length the armor reaches from a few

inches below this deck down to about 5 ft.

below water. She has a poop and forecastle

above the upper deck, and a flying deck ex-

tends along the length between, this light

deck being comparatively narrow, and being-

intended, unlike that of the Monarch, for

working the sails. The Captain has tripod

masts. Her turrets pass down through the

upper deck, and the beds are built upon the

deck below ; the guns are, therefore, only

about 9 or 10 ft. above water, while in the

Monarch they are 15 or 16 feet. This is,

doubtless an advantage of considerable im-

portance in a ship like the Monarch, intend-

ed to fight in a seaway, since she could use

her turret-guns when the Captain would be
powerless; but this advantage has been pur-
chased at a considerable cost. First of all,

the Monarch is 800 tons burden more than
the Captain, although she only carries about
the same weight of turrets and guns as the
Captain, and has armor of the same thick-

ness ; the different disposition of the armor
in the Monarch requiring a much greater

weight of armor than the Captain's system
would require, and the lofty sides, of course,

adding to the weight of hull. Then the

Monarch, being a larger ship, has a greater

weight of equipment, heavier and more
powerful engines, and a greater weight of

coal than the Captain, all of which, of

course, must be regarded as the result of

the difference of types. The side armor of

the ships is nearly all 7-in.; the Captain has
a little 8-in. in wake of the turrets. On the

turrets the armor is 8-in. and 10-in., the

greater thickness being used near the ports.

The turrets, of which there are two in each
ship, will each carry two 25-ton guns, throw-

ing 600-lbs. shot. Besides these the Monarch
has three 6g-ton guns, two of which are in an
armored bow-battery, and the third in an
armored stern-battery ; the Captain has two
6ij-ton guns, carried unprotected on the

poop and forcastle.

In conclusion, we would remark that the

turret system is at a great disadvantage

when applied in a full-rigged sea-going ship

like the Monarch or the Captain. By means
of poops, forecastles, stays, shrouds, tripods,

or other obstructions, it becomes impossible

to fire the turret guns in very many direc-

tions, and hence the chief merit of the tur-

ret system—an all-round or nearly all-round

fire—is forfeited. Direct fire, either ahead
or astern, both of which are most important,

is entirely out of the power of the turret

guns of both ships; the Monarch, by means
of the bow and stern batteries, making up
for this failure to some extent, while the

Captain is the most unsatisfactory of our

recent ships, in so far as what are termed
" arcs of impunity" are concerned. In

fact, no greater contrast between ships can

exist than that between the Captain, which

has no power of firing within, say, 15° of

the line of keel either ahead or astern, from

her turrets, and the broadside ships of the

Invincible class, which, from armored bat-

teries amidships, can command an all-round

fire. In this most important respect the

broadside-ships have completely outstripped

the turret-ships.
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CHURCH'S EQUILIBRIUM SLIDE VALVE.
From "Engineering."

Fig. 4.
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In the course of our account of the Con-
versazione recently held at the Institution

of Civil Engineers, we mentioned a pair of

equilibrium slide-valves, designed by Mr.
W. C. Church, and which were exhibited

on that occasion. In fulfillment of a promise

then made, we now publish engravings of

Mr. Church's arrangement, which will ex-

plain it fully. The particular pair of valves

shown, on the occasion above referred to,

had been taken for exhibition from a loco-

motive on the Great Northern Railway, on
which line they had run up to the time of

their removal 740 miles; and this trial,

although not a long one, gave very promis-
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ing results. The valves have, we believe,

since been replaced in the engine to which

they belong, in order that they may under-

go a more extensive trial, and that the sav-

ing of fuel, which is obtained by their use,

may be accurately ascertained ; and we
hope in due time to lay the full particulars

of this trial before our readers. In the

meantime we may remark that Mr. Church's

equilibrium slide-valves, although at first

sight apparently rather complicated, are in

reality of simple construction. There are

but few parts about them, and the pieces

are all of such forms that they can be fin-

ished in a lathe, scarcely any hand labor

being required to fit them together. The
whole of the details, moreover, bear evi-

dence of having been carefully considered,

as the description of the arrangements which

we shall now proceed to give will show.

Referring to our engravings, fig. 1 is a

back elevation of one of the slide-valves we
have mentioned, this valve being construct-

ed for two caps or rings, D D, of which the

object will be explained presently. In the

figure one cap is shown in its proper posi-

tion, and the other removed, showing a

quarter of the junk ring. Fig. 2 is a ver-

tical section through the steam chest, and
fig. 3 is a section at right angles to fig. 2.

Fig. 4 represents, detached, the division

plate, with the pipes for carrying off any
leakage of steam between the backs of the

valves and the insides of the caps. Fig. 5

represents the metallic packing-ring detach-

ed. In these figures, A A are the steam-

ports, B the division-plate, C C the slide-

valves, D D the caps or rings applied to the

back of the slide-valves, E E the junk
rings, F F the metallic packing rings for

keeping the caps, D D, steam tight.

In considering the action of Mr. Church's

valves, it must be understood that the ob-

ject of the caps is to prevent the steam in

the steam-chest from acting on those parts

of the back of the valve which are enclosed

within the caps, or, more strictly speaking,

those ai'eas which are represented as en-

closed by the lines of contact between the

caps, D D, and the metallic packing rings,

F F. It will be seen from the section of

the cap (figs. 2 and 3), that the latter is of

a conical form, both internally and extern-

ally, the object of this form, internally,

being to enable the metallic packing ring,

F, to act as an expanding ring, in order to

press the cap up to the division-plate, B,
when the steam is shut off from the steam-

chest. The circular grove, G-, and the holes,

G-
1

, in each cap, D, and the holes, E 1

, in the

junk ring, E (seen best in fig. 1), are in-

tended to carry off all steam that may leak

between the surface of the cap, D, and the

division-plate, B (or second valve, as the

case may be), at a part of the cap that will

prevent the occurrence of a pressure to re-

move the cap, D, from off its bearing face.

It will be seen that when the steam is in

the steam-chest, the cap, D, is pressed up
against its bearing face by the steam acting

on an annular area, the width of which is

equal to the difference in diameter between
the metallic packing ring, F, and the cap,

D. The caps, D D, are free to move on
a fixed center, at a point, H, so as to com-
pensate for unequal wear of the valves or

the cap face, or for one side of the valve to

lift in case of the engine priming. This is

a feature in Mr. Church's arrangement
which is worthy of special notice. The me-
tallic packing ring, F, is also arranged in

such a manner as to be capable of accommo-
dating itself to the varying position either

of the cap or valve. The said ring is so

arranged that the steam presses it both out-

wards against the cap, D, and upwards
against the junk ring, E.

The metallic packing ring, F, is also made
conical on its outer circumference, for two
reasons : first, in order to reduce the area of

superficial contact between itself and the cap,

D, and, secondly, in order to give the steam
a larger area to act upon at the bottom of

the ring ; so that no amount of leakage on

the top of the latter shall be able to place

it in equilibrium, and thus destroy its re-

quired action. The holes, passages, and
pipes, J and J 1

, in connection with the

division-plate, B, are intended for carrying

off any steam that may accumulate in the

cap, D. The pipes, J 1

, are in communica-
tion with the atmosphere, and are furnished

with cocks, so that in the event of any ac-

cident occurring to the caps, D D, these cocks

can be closed ; the effect of which will be

merely to alter the action or condition of

working of the valves, and reduce them to

valves of the old construction, a great prac-

tical convenience.

The division-plate, B, is adjusted in posi-

tion as required at the back end of the

steam-chest, by means of set screws, as

shown in fig. 2, and at the front end by
means of two brackets fixed to the steam-

chest lid, so that when the steam-chest lid

is removed, the valves can be withdrawn in
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the usual way without disturbing the divi-

sion-plate. Another mode of fixing the

division-plate is to slide it into a groove

provided for it in the top and bottom of the

steam-chest. We should also mention that

in one arrangement of his valves, Mr.
Church employs no division-plate at all, but

lets one valve work on the back of the other,

and he at the same time arranges the steam

ports so that the passages leading to the

cylinders are much shortened. The adop-

tion of this plan, which possesses several

good points, of which we may speak more
fully on another occasion, of course renders

special cylinders necessary.

Mr. Church gives the following; rule as

that which he employs to determine the area

of the cap or caps to be applied to the back

of the valves.

" That portion of a slide-valve which does

not leave the face of the ports at the end of

the stroke, less the area of the steam ports,

represents the area on the back of the valve,

upon which there is a constant pressure,

varying only with the pressure of steam in

the boiler. And as it is the object of these

improvements to remove this pressure, it

becomes desirable to point out the following

rule for determining the area of the back of

any slide-valve, from which the said pres-

sure may be removed, by the application

of a cap or caps, as hereinbefore described.

Let A equal the area of that part of the

valve that leaves the face at the end of the

stroke ; C the total area of the steam ports;

D the area of the annular cap or caps, for

removing the pressure from the back of the

valve. Then the formula will stand as fol-

lows :

A— (B + C) = D.

" To take an example—Let a slide-valve

be supposed measuring 11^ in. by 19 in.

The total area of the back of this valve

would be equal to 213.75 sq. in. The area

of that part of the valve which leaves the

port faces at the end of the stroke may be

taken in this case as equal to 43.75 sq. in.

The total area of the two steam ports is

equal to 49.50 sq. in. Then 213.75—(43.-

75-4-49.50)= 120.50 sq. in.; which shows

the area of the cap or caps to be applied to

the backs of the valves, or, more strictly,

the area to be contained within the circle

described by the line of contact between
the cap or caps and the elastic metallic

packing ring."

WHO INVENTED THE STEAMBOAT!
From the " American Artisan."

The question of who invented the steam-

boat could be correctly answered only by
enumerating several projectors whose efforts

succeeded each other during a period of

three-fourths of a century. The propulsion

of boats by paddle-wheels is said, indeed,

to date back to the time of the Romans, but
precisely in what way they applied the

power is not known. As long ago as 1682,
Prince Rupert, the courtly mechanician of

the heyday of the Stuarts, propelled his

barge in this way. In 1726, one Dr. Allen
printed a pamphlet in London, in which he
proposed to urge a vessel forward by a jet

of air or water ejected from a pipe at the

stern. He thought that by using steam
power he could make three miles an hour in

this way. In 1737, Jonathan Hulls pub-
lished his invention, which may be consider-

ed the archetype of the modern steamboat.

It had a paddle-wheel arranged at the stern,

and worked by a steam-engine ; but instead

of the crank, the application of which to

the steam-engine had not then been invent-

ed, Hulls employed a complicated set of

devices for giving motion to the wheel.

After this there was little or nothing sug-

gested in the line of steam propulsion until

1782, when the Marquis de Jeoffroy tried a
steamer on the river Loire in France. In-

stead of a paddle-wheel, he had the paddles

arranged upon an endless belt that traversed

two supporting pulleys, but the apparatus

was not successful. Two years later, James
Rumsey commenced experiments with a

boat 80 ft. long, in which an engine worked
a vertical pump that drew in water at the

bow and ejected it at the stern. The re-

action of the effluent water moved the ves-

sel along at the rate of four miles an hour.

This seems to have been a revival in some
sort of Allen's plan ; and substantially the

same system has been frequently re invent-

ed since, a recent and notable example of

these jet-propellers being found in the Eng-
lish vessel, the Water Witch. In 1786,

John Fitch made public his proj ect of mov-
ing vessels against wind and tide by fitting

them with vibratory paddles worked by
steam-power. There were twelve paddles,

six on each side of the boat, one-half of

these on either side working alternately

with the other half of the number. The
paddles were designed to have a stroke of

5j| ft., but it does not appear that the plan
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was ever subjected to actual trial. Fitch,

however, did not rest content with this plan,

else he would never have been heard of

afterward, but was also the inventor of the

screw-propeller, and also of the combination

in one vessel of the screw and side-wheels

—

the principle of propulsion adopted in the

Great Eastern. This screw-propeller, and

mode of using it in connection with paddle-

wheels, was shown by experiment, in 1796

or 1797, on the collect Pond, a sheet of

water that in those days rippled where the

grim Egyptian pile, the New York City
" Tombs," now stands. The vessel is de-

scribed as a common long-boat, 18 ft. long

and 6 ft. wide, and steered at the bow. The
steam-boiler was constituted by a twelve-

gallon iron pot, with a lid made of a piece

of plank firmly fastened down. The engine

had two wooden cylinders, and the mechan-

ical appliances for working the screw and

paddle-wheels, although rude, were arranged

with such effect that a speed of six miles an

hour is said to have been obtained. The
inventor, however, was too poor to continue

his experiments, and too impatient of argu-

ment and contradiction to interest incredu-

lous moneyed men of the day in his enter-

prise. The boat, with a part of its ma-

chinery, was drawn up and left on the shore

of the pond, and piece by piece this type of

the future steam-vessel fell to decay, and

the children of the neighborhood gathered

up its fragments and carried them home for

kindling-wood. A few years later, Fitch,

a broken and embittered old man, with

feeble health and ruined fortunes, poisoned

himself with opium, and was buried in

Bardstown, Ky. To this day no monument
or head-stone marks his resting-place, but

the fulfillment of his prophecies is shown

wherever the steam-whistle sounds over the

placid waters of rivers or the turbulent

foaming of the sea.

While Fitch and Rumsey were thus ex-

perimenting with steam propulsion, others

were making trials in the same direction,

with more or less success. As an illustra-

tion of the blunders that even truly great

men will sometimes make, it may be noted

that about the year 1786, Dr. Franklin pro-

posed to propel vessels by the direct action

of steam upon the water, which was, of

course, found to be utterly out of the ques-

tion. About the same time, Oliver Evans
advocated the employment of paddle-wheels,

and a boat was run for a short time between
Philadelphia and Bordentown, but no de-

tails of its means of propulsion have been
handed down. In 1787. Mr. Patrick Mil-
ler, of Dalswinton, in Scotland, made a

double vessel, moved by a paddle-wheel at

the stern, and two years after constructed

another, 60 ft. long, that went at the rate of

seven miles an hour, but proved too weak to

bear the action of the machinery. It is

said that these experiments cost Miller up-

wards of $150,000, for which he received

no return whatever. A dozen years after-

wards, William Symington, who had made
the steam-engines for Miller's boats, induced

Lord Dundas to build a steam-vessel for

towing craft on the Forth and Clyde canal.

This, the Charlotte Dundas, dragged along

two sloops of 70 tons burden each against a

strong head wind at a speed of 3-g miles an

hour. The owners of the canal, however, re-

fused to use this means of towing, because of

the liability of injuring the banks by the un-

dulations of the water—the principal reason

to this day why steam has not been applied

in canal propulsion. From this time forward

steam navigation began to assume a more
promising aspect and more tangible shape.

In 1804, John Stevens, of-Hoboken, N. J.,

had a boat 24 ft. long, fitted with a paddle-

wheel at the stern, which, for short dis-

tances, made eight miles an hour. The
greatest benefit, however, conferred by
Stevens upon the engineering world was in

the invention of the tubular boiler—a prin-

ciple of construction that has worked won-

ders in steam-generators for all purposes.

We now come to the efforts of Robert
Fulton, a man who possessed business talent,

and the faculty of mastering the details of

whatever he undertook, in a no less degree

than inventive skill. He left Philadelphia

in 1786, and went to London, where, as

early as 1793, he communicated with Earl

Stanhope concerning steamboats—this no-

bleman being something of an enthusiast on

the subject, and having a plan of his own,

which has come to be known as that of the

duck's-foot propeller. This was simply a

kind of folding oar, which opened to act

against the water when pushed outward, and

closed when drawn back at the end of the

stroke. After this Fulton went to France,

whei'e he brought before Napoleon a method
for blowing up the English ships; but al-

though he made an apparatus by which he

was enabled to remain under water for a

period of 4J hours, he did not destroy a

single vessel of the enemy. His journey to

France, however, did him some good, for it
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was there that he became acquainted with
Chancellor Livingston, who furnished the
funds^ by which he was finally enabled to

put his plans for steam propulsion into prac-
tice. Assisted by Livingston, he, in 1803,
made experiments on the river Seine with a
paddle-wheel boat 60 ft. long. The results
were so favorable that it was concluded to

attempt, without delay, the introduction of
steam navigation on American waters. An
engine was ordered from the English work-
shops of Boulton & Watt, and was duly for-

warded to New York. In 1807, the Cler-
mont was launched on the East River, and
at once commenced running on the Hudson,
between New York and Albany. Since
then, until the present hour, there has not
been a single day when vessels have not
been propelled against wind and tide by the
power of steam—the Clermont having been,
if not the earliest practical steamboat, at

least the first steam-vessel to establish a
system of regular trips between different

places.

METROPOLITAN RAILWAY ROLLING
STOCK.

lYom "Engineering."

A few weeks ago there appeared in a con-

temporary* an article on the rolling stock

now in use on the Metropolitan Railway, this

article containing what was professedly a

comparison of the stock belonging to the

Metropolitan Railway Company proper with
that employed by other companies running
trains over the Metropolitan line. The de-

ductions drawn from this comparison were
so startling, and in some respects so at vari-

ance with our own ideas on the subject, that

we determined to investigate the matter
further, and the result has been that we have,

as we anticipated, discovered in our contempo-
rary's article many grave mis-statements of

facts which, in common fairness to those by
whom the Metropolitan rolling stock was de-

signed, deserve to be exposed. And here

we may remark that although, in the instance

we have referred to, we consider that the

rolling stock of the Metropolitan line has

been most unjustly criticized, yet we are by
no means desirous of having it supposed that

we consider the stock, as a whole, perfection.

With the engines we consider that little or

no fault can justly be found. They are in

all respects thoroughly well adapted to the

* See V. N.'s Magazine, July page 589.

exceptional work they have to perform ; their
construction is such that their working ex-
penses are very moderate ; and, as we shall
show presently, their weight is in no way ex-
cessive when all the circumstances of the
case are taken into consideration.

With the carriages the case is somewhat
different. Their weight (16 tons each empty)
is no doubt too great even when the excellent
accommodation they afford is taken into con-
sideration ; but in speaking of this weight,
it must be remembered that it was incurred
under exceptionable circumstances. Before
the Metropolitan line was opened were many
who affirmed—and apparently with a certain
amount of reason—that it would never be a
success. It was asserted that the public
would never " take " to an underground line ;

that they would object to travel to and fro, shut
out from the light of day ; that it would be
found impossible to keep the tunnel properly
ventilated, and that, in fact, the whole affair

was a mistake. How, as a matter of fact,

the public have " taken " to the line and
used it as no line was ever used before, is

well known ; but it is not known, and
never can be known, to how great an extent
this has been due to the excellence of the
accommodation which Mr. Fowler's judgment
led him to provide. In station appointments
and passenger accommodation generally the

Metropolitan line set an example to the
whole of the railways in the kingdom; and
the example has, we are glad to say, been
appreciated and followed. At the time the

Metropolitan line was opened, the carriages

employed by all our leading railway com-
panies for metropolitan or local traffic were
practically identical with those used on trains

running long distances. Yet in the former
case, where people are continually entering

and leaving the carriages, there is a greater

necessity for ample height and space between
the seats, and Mr. Fowler, therefore, had
constructed for the Metropolitan line—where
the stoppages occurred at exceedingly short

intervals—carriages with Ear greater head-

room, and, indeed, more spacious generally

than any running at that date. It was on
the Metropolitan Railway, also, that the

public were first indulged with the luxury of

thoroughly well-lighted carriages ; and it

was in fact on this line that the problem of

lighting railway carriages by gas was first

successfully worked out on anything like an
extensive scale. Of course the extra ac-

commodation and the addition of the gas-

holders, etc., all involved additional weight
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in the rolling stock ; and it is, we think, not

to be wondered at that in first designing

carriages involving many novel points of

construction, this additional weight should

have been allowed to become somewhat
greater than it need have been.

Leaving generalities however, let us state

briefly the accusations against Mr. Fowler's

rolling stock contained in the article to which

we have referred. As regards the engines,

it is aflirmed that the driving wheels (the

diameter of which is wrongly stated as 5 ft.

6 in. instead of 5 ft. 9 in.) are inexcusably

large, and that these large wheels led to the

adoption, as a necessity, of large cylinders
;

our contemporary adding :
" We need not

stop to explain how great an augmentation of

weight this entailed." Further, it is stated

that, " It was next assumed that the curves

would be bad to get round with a six-wheeled

engine, therefore a bogie was introduced

principally because the engine was made too

long to begin with. This further increased

the weight, and so, finally, Mr. Fowler pro-

duced the now well-known narrow gauge
standard Metropolitan engine, weighing
nominally 42 tons, but in all probability at

least 45 tons loaded. This monstrous ma-
chine is employed to haul trains consisting

of five not less monstrous carriages

The driving wheels are much too large, the

machine too long, and, above and beyond
all, the enormous weight of the machine
constitutes a grievous defect." Our con-

temporary then goes on tosay that although

it has apparently brought grave accusations

against Mr. Fowler, yet that these accusa-

tions have been made much more forcibly by
" no fewer than three of the largest and
most powerful railway companies in the king-

dom," these being stated to be the Great

Northern, the Midland, and the Great West-
ern companies. Moreover, a detailed com-
parison is made between the Metropolitan

and Great Western rolling stock ; but this

comparison we shall leave for the present, and
shall in the first place consider the state-

ments concerning the Metropolitan engines,

which we have reprinted above.

To begin with, then, let us consider the

assertion—urged so strongly by our con-

temporary—that the wheels of Mr. Fowler's

engines are " much too large." Now of

course we cannot say precisely what parti-

cular dimension " much " may denote, but
judging from the praise bestowed (and much
of it most deservedly) on the new Great
Western engines, we are inclined to believe

that, in this particular instance, the term
stands for 9 in., the driving wheels of the

new Great Western engines being 5 ft., and
those of the Metropolitan engines 5 ft. 9 in.

in diameter. It would be foreign to the

purpose of the present article to enter into

all the arguments that have been advanced
for and against large driving wheels, and we
shall therefore merely refer to the two prin-

cipal ones, these being, first, that the larger

the driving wheels the less will of course be
the number of revolutions made in running

a given distance, and the greater, therefore,

will be the durability of the tyres and of

the wearing surfaces of the "motion" gen-

erally ; and, secondly, on the other hand,

that the larger the driving wheels the greater

will be their weight, and the greater also will

be the size and weight of the cylinders,

pistons, and their connexions, requisite for

giving a certain tractive power. Our con-

temporary, whose remarks we ai'e criticizing,

has stated that the " much " too large wheels

and cylinders of Mr. Fowler's engines have

led to a " great augmentation of weight,"

but it has deemed it unnecessary to explain

how this "great augmentation" is caused.

As a fact, the two pairs of coupled wheels of

the Metropolitan engines if decreased from

5 ft. 9 in. to 5 ft. in diameter, would be re-

duced in weight but about 13 cwt.; while

the corresponding reduction which might
at the same time be made in the size

of the cylinders (the tractive power of the

engine being maintained the same as at

present) would amount to about 1^ cwt.,

making the " great " total of 14-| cwt. as

the saving under these two heads. Of course

with the smaller cylinders some reduction

might be made in the weight of the pistons,

piston rods, connecting and coupling rods,

etc. ; but this would not amount to much if

the bearing surfaces were maintained of such

dimensions as to give the same durability as

is obtained with the larger wheels. The
question then arises whether these little

savings in weight would compensate for the

more rapid wear of tyres, etc., due to the

reduced size of driving wheel ; and the only

way in which we can answer this question is

by referring to the proportions which the

locomotive practice oj the last few years has

shown to be best suited for engines working
traffic similar to that on the Metropolitan

Railway. In the first place we find that Mr.
William Adams, of the North London Line

(an engineer who has probably had more ex-

perience in working what may be called
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" omnibus " traffic than any locomotive sup-

erintendent in the kingdom), although he

has lately built some engines with 5 ft. 3 in.

coupled wheels, has for many years past em-

ployed, as his standard locomotives, engines

having coupled wheels and cylinders of pre-

cisely the same dimensions as Mr. Fowler's ;

while the Great Northern, the Great East-

ern, the London, Chatham, and Dover, and

the South-Eastern lines are employing loco-

motives with 5 ft. 6 in. coupled wheels for

their local traffc. A reference to the best

practice therefore shows that as regards the

size of their driving wheels, there is nothing

unusual in the Metropolitan engines, and

that there is no foundation for the assertion

of our contemporary that these engines have

wheels " much too large ;" while, moreover,

the Midland Company (who are expressly

cited by our contemporary in support of its

arguments) are running their "metropolitan"

trains with engines having driving wheels

no less than 6 ft. 2 in. in diameter.

Next, it is stated in our contemporary,

that the Metropolitan engines were made too

long, and that it was then endeavoured to

compensate for this by fitting them with a

bogie. If the writer of the article in ques-

tion had ever designed a locomotive, he would

probably never have made so silly an asser-

tion. The fact was, that Mr. Fowler con-

sidered—and with good reason—that a loco-

motive with a flexible wheel-base was best

suited for working a line with numerous

curves like the Metropolitan, and he, there-

fore, adopted bogie engines, the result, of

course, being that the total wheel-base was

rendered longer than it otherwise would have

been. In this adoption of a long and flexi-

ble wheel-base, Mr. Fowler is also supported

by the practice on most of our principal lines,

as the following Table, giving the wheel-

bases, etc., of engines employed in working

metropolitan traffic, will show :

Length
of rigid

wheel- Arrangement adopted
base, for giving flexibility.

8 W. Adams' bogie.
it ti

< W. B. Adams' ra-

( dial axle-boxes.

20 6 7 3 W. Adams' bogie.

20 9 8 10 Bissell's bogie.

Name of line to

which engines
belong.

North London

Total
wheel-
base.

22 2

20 8

Great Northern 19

South-Eastern
Metropolitan

8

7 6

7 3

8 10

The new " Metropolitan " engines of the

Great Western Company and those of the

Midland Company have certainly rigid wheel

bases, the former being 15 ft. 3 in., and the

latter no less than 16 ft. 6 in. ; but we have

yet to learn how the flange wear of the tyres

of these locomotives will compare with that

of the bogie engines used by other com-
panies ; while we must remember that in-

creased flange wear means also increased

wear and tear of the permanent way. As
for the increased weight due to the adoption

of the four-wheeled Bissell bogie on the

Metropolitan engines, it probably amounts,
we believe, to about 3 tons 2 cwt. ; but in

return for this there is obtained not only the

decreased wear of flanges and rails, but also

increased safety. And here we may remark
that the statement made by our contemp-
orary, that on the Metropolitan Railway " the

bad curves are few in number, and at the

worst can do no great harm, because the

speed at which they are traversed, as at

King's-cross, for example, is low," is far

from expressing the state of affairs correctly.

All who have ridden over the Metropolitan

Railway on an engine well know, or should

know, that the line is essentially one with
frequent curves ; and, although none of these

may be considered exceptionably sharp, ac-

cording to the light in which such matters

are now viewed, yet numbers of them are of

but 10 chains radius, and are traversed at

speeds of over 25 miles per hour.

We now come to the third principal objec-

tion made by our contemporary to Mr. Fow-
ler's engines, namely, to their alleged "en-
ormous weight," which it said exercises a
most destructive action on the permanent
way. Says our contemporary :

" There is

no denying the fact that the standard engines

play havoc even with the permanent way of

the Metropolitan Railway, smashing off the

tables of steel rails, and grinding out the

best Bessemer track, perhaps in the world,

as though it were made of iron." Now,
notwithstanding the assertions of our con-

temporary we most emphatically deny that

the steel rails on the Metropolitan railway

are being crushed or having their tables

smashed off by the loads imposed upon them.

We lately walked over a considerable length

of the line and found no signs whatever of

anything but fair and even wear taking

place, except at stations where a certain

amount of lamination of the rails is caused

by the action of the brakes and by the oc-

casional slipping of the engines when start-

ing. There are now in the Metropolitan

line, between King's-cross and Farringdon-

street, Bessemer steel rails which were laid

down in April and May, 1866, and which

have consequently been on the road upwards
of three years. During that time they have
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been traversed by the following numbers of

trains :

Metropolitan 161 ,000

Great Western 39,000
London, Chatham, and Dover ... . 10,000

Great Northern 17,000

227,000

Even this vast number does not include

empty engines passing to and from sheds, and
which during the time we have mentioned

would probably amount to not less than 15,-

000 or "20,000. Notwithstanding that they

have canned this enormous traffic, the rails

show nothing but an exceedingly slight and

perfectly uniform wear, and there are no

signs whatever of " smashing " due to ex-

cessive loads. At the stations the skidded

carriage wheels do undoubtedly produce

lamination, and it is curious on passing the

finger—or still better, the point of a pin or

penknife—over the rails to feel how the sur-

face has, as it were, been rubbed down in

the direction of the traffic. This, however,

has nothing to do with the weight of the

engines. Of this weight we shall have more
to say when considering the comparison be-

tween the Metropolitan and Great Western
locomotives ; and in the meantime we shall

merely remark that the correct weight in

working order is 42 tons 3 cwt.—not " at

least 45 tons," as stated by our contempo-

rary ; while the weight resting on the

coupled wheels is 30 tons. These weights

are practically the same as those of the

standard engines used by Mr. William Adams
on the North London line, while the Midland
" metropolitan " locomotives, which are stat-

ed by our contemporary to be " a modifica-

tion of Mr. Fowler's design, the engines

weighing much less, however," are, in reali-

ty, engines with a rigid wheel-base of 15 ft.

6 in., having 16-| in. cylinders, with 22 in.

stroke, 6 ft. 2 in. coupled wheels, and weigh-

ing, in working order, 43 tons 4 cwt., of

which over 32 tons rest upon the coupled

wheels.

We shall now consider the comparison

made by our contemporary between the

standard Metropolitan locomotives and those

recently placed on the line by the Great

Western Company for working their metro-

politan traffic ; and in the first place it may
be as well that we should give a few parti-

culars of the latter engines, and the work
done by them. The new Great Western
locomotives, then, have inside cylinders 16
in. in diameter, with 24 in. stroke, and they

are carried on six wheels, the driving and
trailing wheels, which are 5 ft. in diameter,

being coupled, and there being a single pair of

leading wheels in front. The wheel base is

15 ft. 3 in., and their weight in working or-

der is a little over 33 tons, of which about
23 tons rest on the coupled wheels. And
here, before proceeding further, we may re-

mark that in carrying out our comparison
between the Metropolitan and Great West-
ern engines, we are very far from wishing to

find fault with the latter. They are of

thoroughly good and remarkably neat design,

and we believe them to be well adapted for

the work which they have to perform ; but

this work is not the same as that which is

required of the Metropolitan engines, and it

is in neglecting to note this fact that our

contemporary has so greatly erred. The
regular load drawn by the Great Western
engines over the Metropolitan line between
Bishop's-road and Moorgate-street, consists'

usually of six or sometimes seven carriages,

two of these carriages carrying each 40 pas-

sengers, including the guard and brakesman,
and the remaining carriages accommodating-

each 32 passengers. The six-carriage trains

have thus seat room for 202, and the seven-

carriage trains for 240 passengers. Regard-
ing the weight of these carriages we have

no precise information ; but they are of light

construction, and we should think that they

probably weigh about 6| tons each, or about

.2 ton per passenger carried. Of the total

distance run by the Great Western engines,

about five-ninths is run on the Metropolitan

line, and the remainder on the Great West-
ern line, where no condensation of the ex-

haust steam is required. This fact should

be taken into consideration in comparing the

Great Western and Metropolitan locomotives.

The usual load drawn by the latter engines,

we should state, consists of a train of five

carriages, accommodating 352 passengers,

this train being made up as follows: One
first class, holding 48 passengers ; one com-

posite, carrying 24 first class and 40 second

class passengers ; one second class, hold-

ing 80 passengers ; and two third class, ac-

commodating together 160 people. The car-

riages weigh 16 tons each, their weight being

thus .312 ton per passenger for the first class;

.25 ton per passenger for the composites
;

and .2 ton per passenger for the third class.

Arguing on these premises, our contempo-

rary says : "We have, then, the Great

Western Company doing the same work that

the Metropolitan are doing, with a dead
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weight less by at least twenty-five tons per

train, if we assume ten of the Great Western
carriages, to carry only as many as five of

the Metropolitan carriages." Now, as a fact,

the ten Great Western carriages could not

carry so many passengers as the five carriages

forming the usual Metropolitan train, while

the saving of weight would, we firmly believe,

be under twenty-five tons rather than over

it. The assertion that the Great Western
Company are doing the same work as the

Metropolitan Company with lighter engines

and much less dead weight, we must decided-

ly deny. The maximum train worked by
the Great Western Company over the Me-
tropolitan line consists, as we have said, of

seven carriages, and taking this as the stand-

ard of comparison with the Metropolitan

five-carriage train, we find the relative dead
weights to be as follows :

Metropolitan. G. W. R.
"Weight of engine 42 tons. 33 tons.

" train,, about 80 " about 45^ "

Total ofengine and train,

about 122 " about 78£ "

Numbsr of passengers

carried 352 240
"Weight of engine per

passenger 119 ton .137 ton

Weight of engine and
per passenger about. .346 ton about .327 ton

We thus see that the weight of the engine

per passenger drawn is actually less in the

case of the Metropolitan than in the Great
Western trains, while the total dead weight

per passenger is nearly the same in the two
cases. It may be said, and no doubt truly,

that the Great Western engines are under-

work ; but the same is equally true of the

Metropolitan locomotives ; and, in fact, the

latter have been designed for working not

merely the present traffic, but the traffic

which it is expected will be obtained when
the whole line is completed. In fact, the

short stations on the line are now being

lengthened, to allow of longer trains being

worked. Moreover, in comparing the per-

formance of the two sets of engines, it must
be borne in mind that while the Great West-
ern trains traverse but 4^ miles of under-

ground line, the Metropolitan trains are work-
ed from Moorgate-street to Westminster, a

distance of 9^ miles, and the Metropolitan

engines thus require and carry 1,000 gallons

of water for condensing purposes against

750 gallons carried by the Great Western
engines. The maximum gradient also on that

portion of the line traversed by the Great
Western trains is 1 in 100, whereas between

Vol. I.—No. 9.-56.

Praed-street and Westminster there are

several gradients of 1 in 70. Thus, the work
done by the Metropolitan is much heavier

than that performed by the Great Western
locomotives.

Taking all things into consideration, we
cannot consider that the Metropolitan en-

gines are too heavy for the duty demanded
of them. They are certainly 9 tons (not 12
tons, as stated by our contemporary) heavier

than the Great Western engines, but they
have the advantage of a greater firegrate

area, a greater firebox heating surface, a
greater water capacity in the boiler (an im-

portant matter for engines working under-

ground traffic) a greater adhesion weight, a

greater tank capacity, and last, but not least,

they have a flexible wheel-base, and are fitt-

ed with a compensating beam between the

coupled wheels. As regards tractive power,

the two sets of engines are practically iden-

tical, the tractive force exerted for each

pound of effective pressure per square inch

on the pistons being 100.5 lbs. in the case of

the Metropolitan, and 102.4 lbs. in that of

the Great Western locomotives. Thay would
thus possess, as far as cylinder power is con-

cerned, equal capabilities for starting a train;

but on an underground line, where the ex-

haust cannot be discharged into the chimney,

the additional firebox capacity and water

space in the boiler would give the Metro-
politan engines an undoubted advantage for

maintaining speed.

Our article has already extended to a

greater length than we intended, but we can-

not conclude it without directing attention

to a most extraordinary conclusion arrived

at by our contemporary with regard to the

facts we have been considering. It says :

" If Mr. Fowler's method of working Me-
tropolitan traffic can be made to pay—and it

is—then much more should the Great West-
ern system pay. In the case of the engines

alone, the cost of transmitting each ton of
dead weight from place to place cannot he

much less than Id. per ton per mile. Taking
the very moderate estimate of 20,000 miles

as the distance run each year by each engine,

we have a saving of 12 tons less in the Great

Western engines, as compared with the

standard Metropolitan engines, of £166 per

engine per annum, or for the Metropolitan

Railway Company, with 36 engines, a saving

of, in round numbers, £6,000 per annum !

"

The italics are our own, and we fancy that

the passage we have italicized will astonish

most railway men. As a fact, the locomo-
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tive and carriages expenses on the Metro-
politan line average about 13d. per train per

mile, and taking the mean gross weight of

the trains as low as 130 tons, we find the

mean cost of transport per ton per mile to

be but .Id. instead of 2d. as stated by our

contemporary. Extraordinary, however, as

is our contemporary's statement that the

cost of transport is not less than 2d. per ton

per mile, the arithmetic by which this cost

is made to show a saving of £166 per engine

per annum is still more extraordinary. Ac-
cording to ordinary methods of calculation

12 tons carried 20,000 miles at 2d. per ton

per mile would give £2,000 not £166 ! The
real difference of weight of the engines,

however, is 9 tons not 12 tons, and at .Id.

per ton per mile this gives for 20,000 miles

per annum, £75 per engine per annum, or

£2,700 for the 36 engines, a, sum which we
think would be hardly compensated for by
the decreased efficiency.

IRON AND STEEL NOTES.

SMELTING, CARBURIZING, AND PURIFYING IRON.
Mr. Isham Baggs, of High Holborn, has patented

some processes by means of which the smelting, car-

burization, and purification of iron are greatly facili-

tated. In charging the furnace, the coal or coke
usually thought necessary for smelting is in a great
measure dispensed with, and in its place, Mr.
Baggs burns in the smelting furnace coal gas, hydro-
gen, carbonic oxide, or other combustible gas or
gases, and also the vapor of petroleum, naphtha,
and other hydrocarbons under pressure and in com-
bination with a blast of hot or cold air. In the case

of the inflammable hydrocarbon vapors, the same
may be forced into the furnace under the pressure
of their own atmospheres, or by means of mechan-
ical appliances. The gases and vapors which are
employed for the purposes of this invention may be
previously mixed with the air furnished by the blast,

or may be caused to meet the air in the furnace or
at the tuyeres. The proportions of the mixture
when a combination of gas or vapor and air is

employed are subject to constant regulation by
valves. One very convenient mode of obtaining
combustible gases for the purposes of this invention
is to generate coal gas in the usual way, and then
carbonic oxide, and to blow air or carbonic oxide
gas under pressure through the retort containing the
residual coke.

For the purpose of carburizing the iron, whether in

or out of the furnace, as may be desirable, coal gas
or other carbides, or other materials containing car-

bon, are blown through the furnace or brought into

contact with the molten metal by blowing them
through it. • Carbon in any suitable form or combi-
nation may also be directly introduced into the fur-
nace for the purpose of carburization, and although
generally for smelting purposes it is desirable to
exclude all solid mineral fuel from the furnace as
part of the charge, yet where a suspension ofopera-
tions is necessary, such a charge of coal, coke, or

other fuel may be introduced into the furnace as
will prevent the materials on renewal of work from
falling through the crucible or any iron remaining
therein or below it from being permanently solidi-

fied. When purification is required, hydrofluoric
acid is blown through the molten metal on its way
from the furnaces, the gases being mixed with com-
mon air or with some gaseous diluent.

—

Mechanics'
Magazine.

Iron and Steel Institute.—On Wednesday
evening, June 23d, at the rooms of the Society

of Arts, the first meeting of the newly formed Iron
and Steel Institute, which was very fully attended
by ironmasters from the North, Lancashire, South
Staffordshire, South Wales, Middlesborough, etc.,

was held under the presidency of his Grace the
Duke of Devonshire, the President, who delivered
a lengthy and exhaustive inaugural address. His
Grace explained the objects of the institute, which
are to afford a means of communication between
members of the iron and steel trades upon matters
bearing upon the respective manufactures, exclud-
ing all questions connected with wages and trade
regulations, and to arrange periodical meetings for

the purpose of discussing practical and scientific

subjects bearing upon the manufacture and working
of iron and steel. He reviewed the success which had
attended the formation of scientific and agricultural

societies, and saw no reason why equal advantages
should not accrue to the iron trade by association.

Then his Grace passed on to review the early his-

tory of iron, the manufacture of which was men-
tioned by Homer and Hesiod, and had been asserted
by Mr. Layard to have been known in Assyria in

900 b. c. He then noticed the early methods of
manufacture down to the period of the use of coal,

which gave such a vast impetus to the manufacture
of iron in this country, and afterwards referred to

the invention of the "hot blast," the increased
supplies of ore, and other causes which had con-
tributed to the present importance of the iron manu-
facture. The processes by which pig iron, malleable
iron and steel are manufactured having been alluded
to, the president referred to the utilization of the
waste of gases from the blast furnaces, and went on
then to show how the raw material and manufacture
were distributed over the world. The problems to

be solved now, which were of the most importance,
were economy in the consumption of fuel, and a
greater utilization of the waste gases. Mineral oil

had been used in the dockyards in place of coal.

It was also highly important to obtain the metal as

pure as possible, and though chemistry had been
brought to the aid of the manufacture, yet the chem-
istry of iron and steel was still in many respects ob-
scure and uncertain. His Grace concluded by a brief

bu teloquent reference to the importance of iron as an
essential necessary of civilized life. Mr. Richard
Fothergill, M. P., moved a vote of thanks to his Grace
for his address, and requested that it should be print-

ed. Mr. Isaac L. Bell seconded the resolution,

which was carried by acclamation.

—

Engineering.

Metal Product of Russia.—In Russia, in 1867,
there were 1,211 iron smelting works, employing

87,086 hands, and yielding products valued at

$92,042,918. The value of the manufactures of

other metals is thus stated:— Silver, $2,205,164;
lead, $3,791,840; copper, $2,991,552; brass, $1,-

608,271
;'

zinc, in bars or plates, $6,385,993 ; other

zinc, $2,104,254.
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PARTICULARS OF BLAST FURNACES.
Prepared by Dr. Thomas Eglesfcon, jr., Professor of Mineralogy and Metallurgy, Columbia College

School of Mines.

Note.—The dimensions are in meters = 39.38 in.

American Furnaces {Charcoal).

Name of the State.

Connecticut

Indiana.
Kentucky .

.

Michigan..

.

Missouri . .

.

Maryland

New York

Pennsylvania .,

South Carolina

Tennessee ....

Virginia..*. ...

Total Height
height. of

bosh.

7.315 3.048
to to

10.055 5.18
8.534 3.04S
10.972 2.743
12.192 3.960

to

12.801
12 192 1.524

to to

13.716 3.149
8.229 1.244
to to

10.363 2.631
9 75 2 895
to to

13.106 3.656
8.534 2.438
to to

10 058 3.043
12.192 1.524

12.192 3.566
10.058 4.226

to

12.192

Height
of

hearth.

1.52
to

1.S2S
1.828
.914
.456

to

1.828
1.778
to

1.S28
.152
to

1.82S
1.524
to

1.980
1.371
to

1.524
1.219
to

1.524
1.823
1.828

Height
of

tuyeres,

.609

.508

634
.701

.534

.406

to

.660

.355

to

.609

584

Diam.
of

throat.

3.914
to

1.22
.914

.863
1.066
to

1.524
1.026
to

1.524
.558

to

.751

.50

to

1.219
.406
to

.812

.914

1.219
.553

Diam.
of

bosh.

2.13
to

2.74
3.043
2.743
2.743
to

2.893
2.895

3.352
2.265

5.539
2.438

3.352
2.590

2.743

2.133
2.743

Diam. Volume Volume Volume
at 01 of eial- of

tuyere. hearth. lages. shaft.

.609 .444 2.076 8.186
to to to to

.710 .723 9.144 16.336

.914 1.193 4.121 13.528

.939 .446 6.537 26.805
lo to to to

1.117 1.304 10.851 33.152
.713 .709 3.979 35.774
to to to to

.914 1.198 5.276 42.660

.558 .044 1.502 10.318
to to to to

.762 .832 21.057 48.999

.609 .583 3.623 33.537
to to to to

1.676 1.293 4.257 41.338
.193 .039 1.384 10.524
to to to to

.609 .427 2.564 16.057

.584 .368 3.744 26.439

.761 .831 3.228 19.290

.609 .708 4.573 22.541

Total
volume.

25.974
23.847

36.033

41.100
40.462

49 134
12.652

70
3S.377

46.259
11.948

18.478
30.559

23.341
27.822

Name of the
State.

Produc-
tion in

24 hours

Connecticut. . .

.

Indiana

Kentucky

Michigan

Missouri

Maryland

New York

Pennsylvania .

.

South Carolina..

Tennessee

Virginia .

.

4.064
to

10.106
7.112

6.096

14.224
to

16.256
15.240

7.112
5.080

10.160
3.551

6 096
2.032

7.112
3 048

No. of c.

m.in furn-

ace by ton
iron pro-
duced.

No. tons
iron by
met. of
bosh.

2.580 1.9
to. to

2.878 3.6
3.353 2.3

2.2

52.500
to to

2.533 5.5
2.906 4.5
to to

3.224 4.7
2.075 1.2

lo to

9.856 2.6
5.443 2

to to

6.295 3
2.657 1.6

to to

4.041 2.3
15.034 .7

3.830 2.8

4.563 .9

to

2.2

No. of
tuyeres

.082

.076

.101

.076

.095

.063

.063

to

.228

.076

.127

.076

Diam. of| Temp. Pre
tuyere, of blast, sure of

blast

Kind of ore. Yield of
the ore.

cold

to

hot

hot

cold

250-

to
314°
314°

314c

800°

cold

148°

cold

cold

cold

2.268

.676

1.132

1.585

.453

.339

.907

9k.

Brown
Hematite

Hematite
Various
pipe
kidney
Hematite
Magnetite
Specular
Specular

Baltimore
ore and
Hematite
Hematite
Magnetite

Brown
Hematite

Magnetite
Hematite

Limonite

Red
Hematite

per cent,

40-45

40

40-75

59-65

54.65

40-45

36-54

33-40

40-50

45-50

50-S0

Kind of
iron.

White
Gray
Mottled
Soft gray

Gray

Gray
White
Mottled
Gray

Gray
White
Mottled
Gray
White
Mottled.
Gray

Gray
Mottled
White
Gray
Mottled

Gray
White

Quantity
of fuel to

ton of
cast-iron.

130-200
bushels

185 bush.

200 bush.

105-155
bushels

133-160
bushels

130-170
bushels
100-192.1
bushels

150-220
bushels

350-400
bush.

250 bush.

200 bush.

American Furnaces {coke and coal mixed).

Name of the State.
Total
height.

Height
of

bosh.

Height
of

hearth.

Height
of

tuyeres

Diam.
of

throat.

Diam.
of

bosh.

Diam.
at

tuyeres.

Volume
of

hearth.

Volume
of e tal-

lages.

Volume
of

shaft.

Total
volume.

Pennsylvania 13.715 2.895 1.524 1.971 1.828 3.960 1.752 3.670 9.215 69.362 82.747
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American Furnaces [coke ai d coal mixed)—Continued.

[

Name of the Produc-
State.

1

tion in

j24 hours

No. of c. N
m. ni furn-

; ,

ace by ion
oj

.

iron pro- . „.
, *, bosh.
duced.

|

No. (if Diam of
tuyeres, tuyere.

Temp,
of blast.

Pres-
sure of
blast.

Kind of ore. Yield of
the ore.

Kind of
iron.

Quantity
of fuel to
ton of

cast-iron.

Pennsylvania .

.

20.320
to

36.587

2.903 7.1 7 .076 314°
to

370°

.793k. Magnetite
Specular

per cent.

50-05 all kinds SO
bushels.

American Furnaces (Bituminous Coal).

Name of the State.
Total Height Height Height Diam. Diam. Diam. Volume Volume Volume
height. of of of of of at of of etal- of

bosh. hearth. tuyeres. throat. bosh. tuyeres. hearth. lages. shaft.

12. S01 4.112 .761 .914 .859 3.656 1.524 1.678 13.510 50.4S6
to to to to to to to to to to

18.283 5.186 1.823 .964 2.855 4.876 2.1.33 3.&33 43.329 156.263
12.18 4.112 1.217 .609 1.524 3.540 1.825 5.627 16.402 58.651

to to to to to to to to to to

12.28 5.485 1.828 .659 2.439 3.960 1.980 10.320 21.413 89.189

Total
volume.

Ohio

Pennsylvania

77.989
to

202.825

Name of the
State.

Ohio

Pennsylvania .

Produc-
tion in

Nc. of c

m. in furn-

ace by ton

n , .
' iron pro-

24 hours; duc^

40.640
14.224

20.320

3.124

4.930
5

5.743

No. tons
iron by No. of Diam. of Temp. Pres-
met. of tuyeres. tuyere. of blast. sure of
bosh. blast.

4.7 6 .088 425° 1.019
to to to to to

8.3 7 .127 536° 2.721
3.9 3 .063 314° 1.585
to to to to

5.1

<

6 .076 2.268

Kind of ore.

Black band
Lake
Superior
Lake
Superior

Yield of
the ore.

per cent
35-65

Kind of
iron.

White
Gray
Mottled
Mottled

Quantity
ot fuel to

ton of
cast-iron

.

2500-4025

2253

American Furnaces (Anthracite).

Name of the State.
Total Height

of
Height Height

height. of
bosh. hearth. tuyeres.

12.801 3.048 1.676 .761

to to to

18.29 7.315 2.133
11.582 2.895 .711

to

19.812
9.144 2.743 .609

to to to

17.373 9.142 2.439

Diam.
of

throat.

Diam. Diam. Volume Volume Volume
of at of of etal- of

bosh. tuyeres. hearth. lages. shaft.

3.60 1.21 2.624 10.350 126.282
to to

6.705 1.328
2.895 1.372 t.050 8.095 30.279

to

6.096
2.3 .736 .599 4.012 24.619

to to to to to

6.705 2.433 5.625 50.666 134.539

Total
volume.

New York...

New Jersey .

Pennsylvania

1.828

2.743
1.219

3.658

3.294

228.937
39.442

29.278
to

234

Name of the
State.

New York.

New Jersey. .

.

Pennsylvania .

Produc-
tion in

24 hours

37.593
8.279

24.384
9.144

35.561

No. ot c.

m. in furn-
ace by ton

No. tons

iron by No. of Diam. of Temp. Pres-
met. of tuyeres. tuyere. of blast. sure of

duced.
bosh. blast.

4.402 2.9 o .076 cold 1.132
to to to to to to

8.658 8 6 .116 425= 2 721
4.764 2.86 3 .046 259=' 1.360

to to to to to

4 5 .101 303° 1.814
3.028 2 7 3 .036 143° 1.132
to to to to to to

10.875 7.9 12 .177 481° 3.623

Magnetite
Limonite

Magnetite
Limonite

Magnetite
Hematite

Yield of
the ore.

per cent
40-68

30-60

Kind of
iron.

Quantity
of fuel to

ton of
cast-iron.

Grav
White.
Mottled

Gray
White
Mottled

8.581k.

1500-2000
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American Furnaces (Coke).

Name of the State.
Total
height.

Height
of

bosh.

Height
of

hearth.

Height
of

tuyere.

Diam.
of

throat.

Diam.
of

bosh.

Diam.
at

tuyere.

Volume
ot

hearth.

Volume
of etal-

lages.

Volume Total
of ,

volume,
shaft.

, 12.192
to

14.325

1.904
to

3.352

.914

to

1.524

.609

to

1.219

.914

to

2.438

3.048
to

3.960

.609
to

1.524

.442
to

1.666

1.142
to

12.813

34.827
to

69.830

36.411
to

104.39

Name of the
State.

Produc-
tion in

24 hours

No. of c.

m. in furn-
ace by ton
iron pro-
duced.

No. tons

iron by
met. of
bosh.

No. of
tuyeres.

Diam. ol

tuyere.
Temp,

of blast.

Pres-
sure of
blast.

Kind of ore. Yield of
the ore.

Kind
of

iron.

Quantity
of fuel to

ton of
cast-iron.

Pennsylvania..

.

7.620
to

26.416

3.9S9
to

4.783

2.5
to

6 6

3
to

4

.076 342J 1.132
10

1.585

Lake Superior
per cent
33-62 Gray 100 bush.

Foreign Furnaces (Charcoal.)

of the State.

Nova Scotia
Austria ....

France

Prussia ....

Russia

Sweden
)

and S .

.

Norway )

Tuscany . .

.

Total Height
height. ot

bosh.

9.753 3. 043
8.72 1.58
to to

13.97 4.424
8 2.33
to to

10.70 5
7.85 2.67
to to

11.93 2.90
6.90 4.84
to to

15.70 6.84
9.75 3.28
to to

12.42 4.70
9 3.40
to to

10.60 4.75

Height
of

hearth.

1.524
.47

1.90
.95

1.65
.50

.49

to

1.50
.70

to

.80

Height
of

tuyeres

.533

.527

to

.632

.54

.42

to

.61

1.015
.553

1.53
.60

1.45

1.26
2.16

2.44

1.62
.90

Diam.
of

bosh.

2.743
1.869

3.44
1.90

2.75
2.22

3.14
3.63

3.95
2 07

2.54
2.10

Diam.
at

tuyere.

.914

.67

1.896
.52

.SO

.44

.79

.63

.74

1.25
.80

Volume
of

hearth.

.999

.446

.364

to

.530

.207

.720

.120

1.542
.402

Volume! Volume
of e tal-

lages.

4.322
4.692

2.236
to

5.059

18.580

31 .556

4.089

8.992
1.856

10.333

29. 898
15.188

66.993
to

14.716

66.544
16.471

26.018
7.281

22.357

Total
volume.

25.279
13

61.15
11.407

18.960
18.33

30.8
60.2

98.155
20.842

34.331
9.539

33.739

Name of the
State.

Nova Scotia

Austria

France

.

Prussia
Russia .

Tuscany

No. of c.

Produc m -

' K
farn'

tion in
;

ace b >' ton

24 hours
lr

.

on P.ro -

duced.

2.31

23
2.5

3.554

2.352

5.667
3.903

4 125

No. tons
iron by
met. of
bosh.

2.5

3
3
2

to

12
1-3

No. of
tuyeres

.

Diam. of
tuyere

Temp,
of blast.

Pres-
sure of
blast.

92-"

2.25^
cold

2.50°

.340

to

.453

.018
to

.79

.04

Kind of ore.

Limonite

Magnetite

Yield of
the ore

23-43

67-63

Kind of
iron.

Gray
White
Mottled

Quantity
of fue"

ton of
cast-iron.

to

100 bush.

Foreign Furnaces (Coke.)

Name of the State.
Total
height.

Height
of

bosh.

Height
of

hearth.

Height
of

tuyeres.

Diam.
of

throat.

Diam.
of

bosh.

Diam.
of

tuyere.

Volume
of

hearth.

Volume
of e tal-

lages.

Volume
of

shaft.

3 Total
volume.

13.26
to

18
13.90

to

16
10.68

to

15.70

3.50
to

5.85
4.90
to

6.25
2.714
to

5.97

2.10
to

2. 37
.85

to

2.45
.659
to

2.07

.70

2.60
to

3.80
2
to

3
1.897
to

2.83

4.12
to

5
3.96
to

5
3.45
to

4.71

.914
to

1.70
.84

to

1.80
.639

to

1.593

1.814
to

6. 468
1.218

to

5.039
.211

to

2.537

9.662
to

28.574
17.337

to

34.111
9.230
to

29.855

71.220
to

214.210
61.695

to

134.676
70.364

to

101.936

83.S43
to

227.340
30.250
to

173.376
78.805
to

166
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Foreign Furnaces (Coke)—Continued.

Name of the
State.

Belgium

France. -

Prussia.

,

]

No. of c.

Produc-
m"•««»'-

tion in
,

ace b? to"

24 hours '«)li pro,
duced.

3-1

5.8
2.996

9.326
3.260

No. tons

iron by
met of
bosh.

No. of

tuyeres.
Dium. of
tuyere

Temp.
of blast.

359°
270°

Pres-
sure of
blast.

.12

Kind of ore

Limonite
Hematite

Yield of Kind of
the ore. iron.

per cent
35-49

Quantity
of luel to

ton of
cast-iron.

PRECAUTIONS IN BUILDING FURNACES. In the
last two years some accidents have occurred

during the erection of furnaces. We have examin-
ed the causes in several of these cases and have
found that they have been attributable to the fol-

lowing defects and oversights :

1 . Insecure foundations. Some engineers are not

practically aware of the exceeding pressure and
weight arising from the methods of construction in

furnaces and in the hoists. Some of these struc-

tures, from the conditions under which they have
been erected, require a small area of base with
comparatively enormous superincumbent weight.
Perhaps we might have made no distinction between
pressure and weight, but we think it necessary to

make what we apprehend is a true distinction in

this case. By weight is meant that force of gravity
applied at the juncture where the generally-con-
sidered homogeneousness of material terminates,
and by pressure, the same force as applied in the

general structure or material itself. Allowing this

definition, we would say that the weight of some
furnaces of moderate size creates a formidable
amount of pressure upon foundations. Is it not
therefore strange, that with the addition of material
of the charges, cracks and injuries occur after, if

not before the blowing in ? We have seen some fur-

nace and hoist-walls give way before they were
quite complete. For illustration sake, let us sup-
pose we weigh a furnace of 50 ft. high and 12 ft.

bosh, builded of limestone, and put up in the usual
"way. As the stack will be filled with material
whose average density will fully equal that of lime-
stone, or other rock used for this purpose, we may
consider its specific gravity 2.7, water being 1.

Taking the latter at 60 lbs. per cubic foot, we shall

have fair data to begin with. Supposing the above
furnace to be only 20 ft. square, on the average, to

level of tunnel head, and the weight of each cubic

foot to be 162 lbs., we shall have a reason-

able average weight. These elements would give

a weight of 1,446 tons, and the soil (if build-

ed upon soil), would receive, if all things were uni-

form, a pressure of about 56 lbs. upon the square
inch. It will therefore readily be seen how easily

a hoist, or furnace stack, may be injured by the
yielding of even a part of the foundation, causing,

as we have seen in more than one instance, a crook-

ed wall before any fire was kindled within the

works. We were informed by a gentleman who
had more than fifty years of experience in

building, that small stones laid in the trench ex-
cavated for walls, were more secure as a first layer

than large stones, and we were referred to a large

and heavy stone structure, erected more than twenty

years before, in which heavy machinery had been
running since its erection, and not a crack of any
kind was apparent. We saw the walls of this

building after they had been subjected to a very
severe tire, but no crack made its appearance, giving
additional evidence that there was no weakness in

the foundations. There is much practical philo-

sophy, unusual as it may seem, in the laying small
stones down first and letting them run into the
ground conformably to the under surface of the
large foundation stones used in furnace construc-
tions and their accompanying walls and hoists.

2. Improper building material. We have seen
only one illustration of unwise economy in this

respect so far as furnace works are concerned. In
this case the stack and hoists became useless after

being nearly completed, because of the use of a
friable sandstone, taken from near at hand to save

hauling from a distance. The pressure was too
great for the stone. Materials are improper when
the individual stones are small, especially at the

corners of the structure, and they should decrease
in ascending, as a matter of preference, however,
and not of necessity. It is a mistake to suppose
that all limestones are unfit for furnaces. Some
silicious stones of that nature answer admirably
when protected from fire. The conglomerates, con-
sisting of quartz pebbles cemented with sand and
aluminous silicates, form an excellent material

where the adhesiveness is sufficiently great. The
conglomerates of the anthracite and other regions

form excellent hearthstones, and have been used
most efficiently for many years, as some sandstones

have been also. The composing pebbles vary from
large stones to smallest pebbles, and there is no
difficulty in obtaining large masses. In some places

fire clay bricks, of large size, have been used for

hearthstones with satisfactory results.

Kaolin mortar, containing soda and lime, we have
good reason to suspect, is inferior. The same may
be said of the fire bricks made from such material.

Good kaolin mortar is generally fine in texture, with
little grit, and generally hardens soon, and when
dry, the mortar will not rub off in gritty particles.

In putting up several furnaces we had a fair trial

made of kaolin clays, or fire clay cement, and have
found, thus far, that the clays containing no lime or

soda and partaking of the nature of silicate of

alumina only, appeared to set more firmly as a mor-
tar and remain uninjured longer as bricks. The
lime-kaolins are affected comparatively more rapid-

ly than any other. Nothing but analysis can detect

it. although we have seen some powdery kaolins

which were lime-kaolins, and we have suspected

that this peculiarity might owe its origin to the
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presence of lime or soda. But when properly mix-

ed and subjected to strong heat in a smith's fire,

then kaolins are easily tested. The above are the

chief causes of defects in furnace building.

—

•American Exchange and Review.

Blast-Furnace Engines at the Lilleshall
Company's Works.—The beams are of the

horsehead class, and are 30 ft. from center to center

of cylinders, and they are cast of the Lilleshall

Company's cold blast iron. Each beam is compos-
ed of two flitches about 8 in. apart, the thickness of

the bosses for the main centeis being 9 in. The
beams are supported midway between the cylinders

upon an entablature 3 ft. deep resting upon four mas-
sive columns, mean diameter 17 £ in. The columns
and entablature, as also the nozzles, are elaborately

decorated in the Doric order. The spring beams,

which are of pine, 20 in. by 12 in., pass through

cast iron saddles upon the entablature, and rest up-

on the walls of the house. The beams are 4 ft. 8 in.

deep at the center. The main centers are 21 ft.

6 in. above the floor of the house. They have
journals 18 in. long and 10 in. diameter, and the

pummer blocks are fixed on saddles upon the en-

tablature, and are each held down by five bolts,

one bolt 3 in. diameter passing down right through

the column into the foundation. -The main links

are 4 ft. 3 in. long between end centers, with bear-

ings 6 in. long and 4£ in. diameter, and the radius

links are connected to studs carried by brackets

fixed to the spring beams.
The steam cylinders are 40 in. diameter, with a

stroke of 8 ft. 6 in. They are clothed with felt and
mahogany lagging, and have an ornamental packing

stage round them. The piston rods are of Bessemer
steel, 43 in. diameter, and the pistons are fitted

with metallic packing. The valves are of gun-

metal, of the double-beat class 10 in. diameter,

and are worked by cams keyed upon a horizontal

shaft below the floor, which is set in motion from

the crank shaft, through the intervention of a lay

shaft and bevel gearing. The steam is cut off at

quarter stroke. The air pumps are 29 in. diameter

and 4 ft. 3 in. stroke, and are worked by rods at^

tached to the beams midway between the center of

the cylinders and main centers. The condensers

are 29 in. diameter and 5 ft. 9 in. high, the eduction

pipes being led into the top, To the other end of

each beam, at a distance of 4 ft. from the main
center, are attached three rods bracketed together,

which work respectively two 6 in. feed pumps and
one 14 in. cold water pump. The connecting rods

are of massive oak between two wrought iron straps

5 in. by lg in., with | in. bolts through, and fitted at

each end with cast blocks, brasses, gibs, and screw

cottars. They are 27 ft. 5 in, between end centers,

and are coupled to the beams at a point 13 ft. 4 in.

distant in a straight line from the main center. The
lower ends are coupled to cast iron cranks 5 ft. 2 in.

throw, the crank pins being of hammered iron,

with journals 6| in. long and 5 in. diameter. The
fly-wheel is 20 ft. diameter and nineteen tons weight;

the rim, which is 8 in. by 18 in., is casted in one piece.

The arms, eight in number, are blocked and keyed
into the rim, and the other ends are turned to fit holes

in the center boss to receive them. The center is

bored and keyed on the shaft. The fly-shaft has

journals 18 in. long and 13 in. diameter. The seat

of the wheel is 14 in. diameter. The blowing
cylinders are 86 in. diameter, and samo stroke as

the steam cylinders, viz : 8 ft. 6 in. Inlet valves

are placed in boxes on the cylinder covers and on
grids in the cylinder bases, and their combined area

at one end of the cylinder is 5^ square feet. Out-
let valves are placed in wrought iron boxes at top

and bottom of cylinders. Their area at one end is

1.33 square feet. These valves are made of two
thicknesses of leather sewn together; and as all the

inlet and outlet openings are grated, no plates or

weights are required, and the valves answer the

piston readily, the result being a superior blast.

The piston rods are of Bessemer steel 6 in. dia-

meter. The pistons are packed with cotton gasket

—which when set hard and lubricated with black

lead is found to work satisfactorily—and are cast

with loose segments for convenience of packing.

The blast is supplied cold to five furnaces at a pres-

sure of 3^ lbs. per square inch, the engines running

seventeen strokes per minute, with a steam pressure

of 35 lbs. The blast is delivered from cylinders

into wrought boxes at top and bottom of cylinders,

connected by a 3 ft. wrought iron pipe, and thence

through a conical pipe to the 5 ft. main, which sup-
plies the tuyeres. There is a large opening in the

engine-house in the rear of the blowing cylinders

louvre-boarded to admit the air to the inlet valves.

The cylinders are all firmly bedded upon stone

foundations, and are each held down by four 2\ in.

bolts passing down 15 ft. below the floor.

The engine-house is 58 ft. long, 25 ft. wide, and
is built of stone and briqk, the walls being 3 ft.

thick. The engines are supplied with steam by five

Cornish boilers 31 ft, long 7 ft. 7 in. diameter,

each with two 3 ft. flues through, and are fired en-

tirely by the waste gases from one furnace.—" The
Engineer."

Economizing Fuel in Blast-Furnaces.—After

standing for more than six months for al-

terations, and the putting down of new machinery,

the Wingerworth Furnaces, near Chesterfield, are

once more at work. Their appearance, however, is

very different to what it was before the improve-

ments to which we are about to allude took place.

The old furnaces gave out the usual smoke and

flame from the top, but at present, on passing, it is

difficult to say whether they are in blast or not, so free

are they from the usual indications one looks for.

This result has been attained by taking the gas from

the top, and utilizing it in a simple yet efficient

manner. To effect this object, new boilers, heat-

ing-ovens, and gas apparatus, have been put down
at considerable expense. The gas is conducted by
a pipe to the bottom of the furnace, from whence
it is sent into the boilers and heating-stoves, and

there consumed instead of poal. The blast of the

furnace is heated to a temperature of from 900° to

J000°, without the use of any coal whatever. The
gas is taken from the top of the furnace by a pro-

cess similar in many respects to that adopted at

some of the works in the North of England, but

somewhat different as to the mode of conducting

off the gases. The alterations have given the most
satisfactory results, the produce of iron from the

same quantity of ore being considerably larger than

by the old method, whilst the quality is also sup-

erior. The saving in fuel—an item of so much
importance—has been something enormous, making

a difference of many tons of coal per week, yet

doing the work more efficiently. The alterations

and improvements were suggested by Mr, Gjers, of
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Middlesborough, and ably carried out by Mr. Marsh.
The boilers, which aie arranged for being worked
by gas were made by the Parkgate Company. The
cost of the alterations, which is considerable, will

soon be repaid by the great saving in fuel, and the

superior quality of the iron produced. From the

many advantages of the system we think it is

worthy of the consideration of iron makers in all

parts of the kingdom—niore especially in those
districts where coal and coke have to be imported
from a distance.

—

Mining Journal.

RAILWAY NOTES.
TFhe Railways of India.—A great deal has been
J. said and written respecting the completion of

the Pacific Railway across the American continent,

and much praise has been very justly bestowed upon
the energy of the American character which has

brought the work to its present position. While,
however, we are lavish in our expressions of admi-
ration for the great qualities which have thus been
called into existence, we ought not to lose sight of

the still greater works which have been accomplished
in India, in the matter of railways. A vast work
has been carried on silently and unobtrusively, and
under difficulties even greater than any which have
been experienced in regard to the Pacific Rail-

road, and we claim for those by whom these great

works have been achieved some share of that admi-
ration which is given so freely and so fairly to our
American cousins.

The Pacific line, including as it does the two sepa-

rate schemes of the Union Pacific and the Central

Pacific, is about 1,700 miles in length. Two of our
leading Indian lines, viz : the East Indian and the

Great Indian Peninsula, at present in work, have a

joint mileage of 2,230 miles, and when completed
it will be 2.768 miles, greater by more than one-half

of the whole length of the Pacific road. Like the

Pacific, these lines cross our Indian empire from east

to west, and connect Bombay and Calcutta, just as the

Pacific forms the connecting link between San Fran-
cisco and New York. By means of the East Indian

a railway connects Calcutta with Delhi, more than
1,000 miles distant from each other; in the south,

Madras and Baypore are connected by a line cross-

ing Southern India; Nagpore, in Central India, is

connected with the port of Bombay ; by means of

the flotilla and Punjaub line, Lahore in the north-

west, and Kurrachee in the Indus are brought into

direct connection with each other. There are now
actually completed and at work in India, 3,912

miles of railway, or about 600 more than the whole
mileage between New York and San Francisco, and
there remain to be completed of lines already

sanctioned 1,665 miles. This great extent of rail-

way has been constructed in a country many thou-
sands of miles distant from England, where, with a

trifling exception, the whole of the capital was
provided. For the construction of these works
there was required to be shipped from this country

3,529,000 tons of goods, of the value of £23,252,000,
and which was conveyed in 5,339 ships. In America
no such difficulty as this was experienced. The
road, as it was formed, was enabled to carry the
iron and timber required for the construction. The
contractors worked from an already organized base
of railways at home ; the materials for the Indian
lines had to be borne over thousands of miles of a
sea voyage.

In both cases the Government of the country gave
valuable aid to the great works. The United Slates
Government issued their 6 percent bondsat the rate
of about £3,OU0 for each mile completed. In India,

the Government gave its 5 per cent guarantee on
the capital required. The Government of India
has already paid as interest on the capital subscribed
a total of £22,212,000. The amount of pecuniary
assistance given by the United States Government,
although large, must have been considerably less

than that paid by the Indian Government, the whole
amount of bonds issued not greatly exceeding
£5,000,000 sterling. Of the amount paid by the
Government of India in the shape of guaranteed
interest, £9,500,000 has been already repaid out of
the earnings of the railways over and above the
guaranteed interest. The balance is to be repaid
out of the half surplus profits over 5 per cent, and,
judging from the results already obtained, a few
years will suffice to clear off this amount of indebt-
edness. The position of the United States Gov-
ernment is by no means so favorable, as it appears
that the amount of the Government bonds has been
overlaid by the bonds of the company, which take
precedence of the Government advances.

The construction of the Indian railways has pre-
sented difficulties of a much more formidable
character than those which have been met with on
the Pacific line. It is true that this railway has
been carried over vast plains and mountain ranges
of which little was known, and in the face of the
attacks of hostile Indian tribes. In India, the works
were carried out in the face of difficulties connected
with the oppressive heat of the climate—through
forests and jungles which were the resort of savage
animals, and the people employed were natives of
the country, speaking a language unknown to those
by whom they were employed, and wdiose habits
and modes of life unfitted them for labor such as

that on which they were engaged. Great works
such as those of the Bhore Ghaut and Thull Ghaut
inclines presented difficulties equal to, if not greater,

than any experienced in the crossing over the Rocky
Mountains. Streams wider and more rapid than
met with between Omaha and San Francisco have
been successfully bridged, and present some of the
greatest triumphs of modern engineering science.

While congratulating ourselves upon the results

attained, so far as they affect the national character,

it is not less a source of satisfaction to see how
great has been the benefit already derived from rail-

ways in India. Ten years since the time occupied
in traveling from Calcutta to Silma was four weeks
—it took four months to inarch a regiment between
those places; the distance is now traversed by a
railway in five days. Last year 13,746,000 passen-
gers traveled upon the Indian railways. It is worthy
of notice that of this number not less than 13,074,-

000, or within about 700,000 of the whole number
conveyed, were third class passengers. The total

sum paid by railway travelers was £1,376,000. The
goods traffic upon the whole of the railways yielded

£3,320,000 of gross revenue. Those scruples of
religion and distinctions of caste which have been
for so many ages the bane of Indian society are
fast disappearing before that mighty leveler of the
age—the locomotive. Separate carriages or com-
partments were in the first instance provided for

women, in deference to the feeling of dislike uni-

versally entertained at wives or daughters being seen
by strangers ; separate accommodation for different
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castes was also provided. Now all is changed, or

rapidly undergoing a change. Brahmins, too, of

the purest blood, travel in the third-class car-

riage, huddled in crowds with the most wretched
Pariah, whose very presence near the household

roof would in former times be regarded as the most
deadly pollution. Railways, too, have been of

immense service in encouraging the cultivation of

cotton and other produce, in the working of iron

and coal mines, by the facilities which they have
afforded for bringing the produce to good markets
and convenient ports for shipment. The merchant
is enabled by means of the railway to deal directly

with the cultivator of cotton and giain, and by this

means increases the profits on their mutual trans-

actions.

For the carrying on of the traffic upon the 3,942

miles of railway in India, there are now 937 locomo-
tives, 2,733 passenger carriages, and 18,226 trucks

and wagons, making a total of 20,959 vehicles.

From the able report of Mr. Juland Danvers, we
learn that there are employed on the railways of

India not less than 39,099 persons, of whom 36,048

are natives.

The entire capital of £75,000,000 has been pro-

vided by 58.346 proprietors of stock and debentures,

giving an average holding of about £1,300 each,

and affording to them an investment scarcely less

secure and much more remunerative than British

Government slock. The capital estimated to be

required for completing the railway system so far as

it is at present sanctioned is £93,916,000. Of this

sum authority has been given to raise £84,386,000,

and the amount actually raised to the close of the

last financial year was £76,579,000.

—

Railway
News.

Eailroad Frogs.—There is no portion of the

permanent way of a railroad subjected to harder

usage than that part of it where frogs are placed,

for the purpose of effecting a crossing from one

track to another. At these points the wear and tear

is always more than double that of the ordinary

track, and the existence of a frog has, at the best,

been a precarious one, and often times but very

short lived. From the primitive frog made from
wrought or cast iron, we advanced to frogs with

cast-iron bed plates plated with steel, riveted

or bolted on, while others were of wrought-iron

with movable wing rails and steel points. Then
there were frogs made entirely of cast cast-steel and
so arranged that when the top face of the frog was
worn, it could by being simply overturned be made
to live as it were, a double life. Each frog has in

its generation been considered more economical than

its predecessor, yet, even those of cast cast-steel

—

probably offering greater advantages than others

preceding them—have the same objection as all cast

frogs and are liable to crush under heavy weights,

or break with concussion or when subjected to the

effects of the severe winters of this country.

A hammered steel frog lately patented in America
by Messrs. Armstrong &. Co., Steel and Iron "Works,

Rotherham, Yorkshire, and 43 Exchange Place, N.
T., appears to possess advantages in strength and
durability that other frogs do not have, and the

testimony of many of the leading engineers in

Europe, where the frog has been in use for three

years without showing the slightest wear, leads to

the believe that it is the best frog yet introduced.

The frog, as has been stated, is made from

hammered crucible cast-steel, drawn from the ingot
without a weld. It is reversible; is finished in the
planing machine and is perfectly true to the required
angle. It will neither crush nor break under heavy
weights, nor with trains running at great speed. Its

reliability is not decreased when subjected to severe
frosts, and being of hammered metal, its elasticity

prevents the rigidity felt in running over all cast
crossings. When the frog has fulfilled its first pur-
pose, the metal being necessarily a good mild steel,

to bear hammering and planing, it can be sold for a
large proportion of the first cost or can be converted
into forgings or rolled into sheets. From a monetary
point of view, this frog is more economical than the
ordinary steel frog cast in moulds and, apart from
this consideration, its durability is probably more
than double and the reliability much increased.
These frogs are also made non-reversible, an
arrangement which materially reduces their first cost
without decreasing their other advantages.

Messrs. Armstrong & Co. have also patented a
frog composed of a cast iron bed plate with a work-
ing face of cast cast-steel. This steel facing is not
riveted or bolted on, but in the process of manu-
facture, the two metals are incorporated, and the
frog is complete in one casting. In practice it has
been found, that frogs thus made are much sounder
than the ordinary cast cast-iron frog and are insured
perfectly free from blow-holes. They possess the
recommendation of being low pi iced and durable. C.

Railroad vs. Railway.—A correspondent offers

the following considerations : The use of rail-

way for railroad is improper—the English speaking
public to the contrary, notwithstanding. The ques-
tion lies in the appropriateness of way or road.
The following passage from Crabbe's Synonyms, a
book of the best authority, will help us in our
determination.

" Road comes no doubt from ride, signifying the
place where one rides. Way is the generic term;
it is the path which a person chooses at pleasure for

himself.
' He stood in the gate, and asked of every one
Which way she took, and whither she was gone.'

Dryden.
The road is the regular and beaten way."
Let me also quote from Gray's Synonyms, page

52 :
" Way is the general term, and road is the

species of way. Instead of keeping the high-road
to a town, you may frequently go a shorter way
across the fields."

When we Americans coin a term that is correct,

we should not give it up and use another because it

comes from England.

Color Blindness and Railway Disasters.—One
cause of railroad accidents has been discovered

in England. It is what is known as color blindness.

An engineer ran his train into another, causing

great damage. On investigation it was found that

he could not distinguish red from green, and had
mistaken the signal lights.

—

Exchange.
We have an excellent way of avoiding such dis-

asters in America—not having any signals at all.

—

Ed.

BRIDGES ON THE PACIFIC RAILWAY. Over 50 DCW
bridges to replace temporary bridges on the

Union Pacific Railroad have been built at Chicago
and shipped and put up this season, and new ones

will be completed over the whole line in 60 days.
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Railway Consolidation.—Consolidation, which
for a few years past has been the leading feature

in railway strategy, is now operative upon the

grandest scale. The Pacific route has given afresh
impetus to the plans by which ' through business "

can be facilitated and opposition set aside.

The recent combination of the roads between
Boston and Albany under one direction, the plan

now maturing for uniting all the lines, finished or

unfinished, from Boston to Oswego, the union of the

Lake Shore and the Cleveland and Toledo com-
panies, the successive purchases and consolidations

of stock by which the Chicago and Northwestern,
and the Milwaukee and St. Paul railroad companies
have grown to their present importance, are all ex-
amples of the rapidity with which the idea is gain-

ing ground. These consolidations have practically

enabled two great companies to control all transpor-

tation on the great middle link, i. e.
;
between Chic-

ago and Omaha.
It is further proposed to unite in one company

and under one management a continuous line of

railway from New York to Omaha. This proposed
corporation is to hold and administer the property
and franchises now held by the Hudson River, the

New York Central, the Buffalo and Erie, the Lake
Shore and Cleveland and Toledo, the Michigan
Southern, and the Chicago and Northwestern Rail-

roads, including 2,480 miles of completed and
equipped railway. The gross income of these com-
panies for last year was §14,820,893.
The Pennsylvania Railroad Company leases the

road of the Pittsbugh, Fort Wayne, and Chicago
Railway, with all its branches, for 999 years, com-
mencing July 1, 1869. By the terms of the lease,

the former company agrees to pay the interest on
the debt of the latter, and in addition thereto the

sum of $1,380,000 per annum as rent for the prop-
erty. The capital of the Fort Wayne Company is

§11,500 000; consequently the sum of §1,880,000,
named as the annual rent, is 12 per cent on the
capital. The directors of the P., F. W. & C. pro-
pose to increase the amount of their stock, making
the annual rent 7 per cent on the capital as increas-

ed. The P., F. W. & C. is itself a consolidation

of three original companies, whose lines conjointly

connected Pittsburgh and Chicago. It became in-

volved in debt, and in 1861 was sold under fore-

closure, the present company becoming the purchas-
ers in 1862. This is but one step in the purpose of
the Pennsylvania Railroad Company, but all reports

as to other consolidations have no authority.

—

•American Exchange and Review.

Turkish Railways.—In view of the great expan-
sion of commerce which the Suez canal and the

Turkish railways will create in the empire, it is

proposed, among other works of magnitude, to

make spacious harbors for the chief seaports, such as

Constantinople— which is totally without accommo-
dation of this kind—Salonica, etc. As regards
Turkish railways, the nearest connecting point with
Austria will now be Sissek, and not Brod, as form-
erly. Here the junction with the Southern line

will be effected, and by this means the route to

Trieste and Fiume, as also to Vienna and South
Germany, via Northern Italy, to Southern France,
will be accomplished. In the other direction the
State Railway from Gross Kikinda to Belgrade will

be constructed, and thence be connected with the
Seryian Railway.

Tests of Steel and Iron Car Wheels.—We
have been furnished with the minutes of some

tests made upon a cast steel car wheel, Tarr's
patent, made at the " Black Diamond Steel Works,"
at Pittsburgh, Pa., and tested at the shops of the
Pennsylvania Railway at Altoona, June 26, 1869.
The test was that of the drop, weighing 1,200 lbs.,

falling upon the wheel, placed on bearings two feet

apart, the blow on the hub :

1st blow, 9 feet fall, no apparent injury.

2d " 11 " " " " "

3d " 141 " " " " "

4th " 16* " " " " "

5th " 20 " " " " "

6th " 28 " " < " "

7th " 28 " " cracked at hub.
8th " 28 " " drove hub through the plate

of the wheel, leaving the whole tread and guard
around the circumference of the wheel perfectly

sound. The steel wheel weighed 444 lbs.

At the same time and place the following tests of
the best iron wheels in use were made :

Ramapo, 1st blow, 10 feet, broke in niany pieces.

Lobdell, 1st " 7 " " " " < :

(< od " 10 " " " " "

German, 1st " 7 " " " " < ;

Whitney, 1st " 5 " " " " "
u 2d " 7 " " " " "

Whitney, 1st* " 7 " «. " " "

The cast cast iron wheels weighed 550 lbs. each.

These tests are rather crude in character, but they
establish the fact, pretty well known before, of the

superiority of cast steel over cast iron, in resisting

the effect of hard blows. A well made cast iron

car wheel has an endurance on the track almost
wonderful, but if the steel is better, safei and as

economical in the end, let it be adopted by all

means. At any rate let us have the real wearing
tests made under the cars, and then the economical
questions are easily solved.

—

Railway Times.

New Rail-Leveling Device.— The ordinary

lever-bar used for lifting rails and sleepers in

constructing and repairing the permanent way of

railways, involves in its operation the labor of

several men. To obviate this, an English engineer,

Mr. De Bergue, has constructed a simple and com-
pact tool, composed of a kind of shoe combined
with a bar pivoted at one end, and at the other

furnished with a screw by which it may be raised

relatively to the shoe. The instrument with its bar

depressed is thrust under the rail or sleeper to be
raised, and the screw is turned until the bar has

been forced upward sufficiently to bring the super-

incumbent parts to the required position. Those
portions of the apparatus subjected to heavy strains

are made of steel, and the working surfaces are

hardened so that it cannot easily get out of repair.

—Railway Times.

The Sliding of Car Wheels.—An experiment
has been made at Munich, for the purpose of

determining if a railway-carriage wheel rolls regular-

ly without sliding, so that by recording the number
of revolutions of a wheel, the circumference of

which is known, the distance accomplished could

be accurately ascertained. The difference between
the measurement by mathematical instruments and
that obtained by noting the revolutions of the

wheel, was found to be no more than 1-68,000 of

the whole.
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Wooden "Wheels.—Mansell's patent wheels for

railway carriages are fast coming into general
use. They have already been adopted by the Lon-
don and North-Western, Great Western, Midland,
Great Northern, Great Eastern, Metropolitan, and
other English lines, and the Imperial Government
has sanctioned their adoption on all the railways of
Russia. It may not be generally known that Man-
sell's original patent was for securing the tire to the
wheel by retaining rings, the fillets of which are
turned to fit into corresponding grooves in the tires.

The whole is secured by nuts and bolts. Between
the tire and the boss, spokes are dispensed with by
the insertion of stout close-fitting panels of East
India teak wood, the oily nature of which preserves
from oxidation the iron passing through it. For
this purpose teak is superior to any other wood and
it has further the advantage of never shrink-
ing. The superiority of these wheels over iron
ones is well known to all observant travelers, their

special merits being absence of jarring, and also of
noise.

—

The Engineer.

Iron Tubes for Boilers.—There are many lines

of railway on which iron tubes are found to answer
as well as brass, if indeed, they do not answer better.

We believe iron tubes are very largely used on the
Lancashire and Yorkshire Railway, and with good
succ ess. A single Birmingham house might be
mentioned which has turned out 550 tons and up-
wards of iron tubes a month, and of these as many
as 10,500 have been for locomotives, corresponding
to perhaps sixty locomotives in number, although
it is not to be supposed that a single house has gone
on at the same rate for a year together, iron tubing,
in that time, as many as seven hundred or more
locomotives.

—

Engineering.

Durability of English Locomotives.—The life

of a locomotive boiler has been found to be
about 350,000 train miles, but this may probably on
some lines go up to 400,000, or even 500,000 miles,

as its wear and tear would depend greatly on local

circumstances, and particularly on the chemical
qualities of the water employed. Assuming that
the life of the engine is determined by the endur-
ance of the boiler, and that if, under favorable cir-

cumstances, it will last the 500,000 miles, then dur-
ing that time the fire-box will probably require to

be renewed at least three times, the tires of the
wheels five or perhaps six times, the crank axles
three or four times, and the tubes probably from
seven to ten times.

—

Herepath's Railway Journal.

A nother Alpine Railway.—Mr. Thomas Bras-
ox • sey, the railway contractor, has just completed
his tour of inspection over the projected new rail-

way from Innspruck, via Feldkirch, to the Boden-
see, and that his opinion seems to incline in favor
of the improved Fell system over the Arl mountain,
instead of tunneling through it. We trust, how-
ever, for the sake of the shareholders, that there
is no foundation in the report. Our own opinion
of the Fell system is well known.

—

Neue Freie
Presse.

Car Locking in England.—Mr. Bentinck is

about to bring under the notice of the House of
Commons the practice adopted by railway com-
panies of barring the windows and locking the doors
of passenger carriages.

NEW BOOKS.

A Treatise on the Art of Constructing
Oblique Arches with Spiral Courses. By

Wm. Donaldson, M. A. Cant., Assoc. Inst. C. E.
London: E. and F. N. Spon, Charing-cross. For
sale by D. Van Nostraud, New York.
The importance of works the object of which is

to enable the practical man to proceed with mathe-
matical accuracy in his business, without requiring
to undertake the labor of studying pure mathe-
matics, is more extensively acknowledged every
day; whilst the continually increasing attention paid
to technical knowledge by business men enables
strictly scientific men to afford them the necessary
theoretical aid with far greater facility than for-

merly. A very valuable treatise of the technical
science class has just been issued by Mr. Donaldson,
and will, doubtless, find a large number of patrons.
The object of the author has been to arrive at a
series of formulae which would give the data neces-
sary for the construction of oblique arches, without
having recourse to any developments on a large

scale, or which require skill in draughtsmanship.

—

He commences by explaining and demonstrating the
properties of screw surfaces, and then proceeds to

investigate the stability of oblique bridges, basing
his investigations upon the assumptions—firstly,

that the material can resist any pressure that can
be put upon it ; and, secondly, that for perfect se-

curity no force of shearing must be exerted upon
any of the voussoirs. He explains that the forces

acting on a voussoir are its own weight, a portion
of the weight passing over the bridge, and the
pressures on its beds. No force is exerted on the
ends of a voussoir ; in oblique bridges it is kept in

its place by the friction on the beds. If there were
no backing these forces must be in equilibrium

;

this is never the case where the live load is variable

;

they must, therefore, have a definite resultant.

—

We may resolve these pressures in three direc-

tions—vertical, parallel to the axis, and perpendicu-
lar to these two ; the resultant of the vertical com-
ponents will be eqal and opposite to the weight of
the voussoir and the weight upon it, and in order
that the horizontal components may satisfy the con-
dition for perfect safety, their resultants must fall

within the springing nearest to the bed to which
they refer, so as to meet the material with which
the bridge is backed up ; also, since the pressures
between the voussoir beds are mutual, the horizontal

resultant of each pair must pass within each spring-

ing. He explains that the pressure at any point of
a voussoir bed will act in the direction of a normal
to the surface at that point, and will, therefore, lie

in the normal plane to the screw line passing through
that point, and will also be perpendicular to the
revolving radius; and, therefore, its line of direc-

tion will be the line of intersection of the above
normal plane, and a plane through that point per-

pendicular to the radius—the pressure at every
point along this radius may be assumed to be the

same. Having disposed of the question of the sta-

bility of oblique arches, Mr. Donaldson treats of the
formation of templates. All the formulae previously

proved are collected together and their use explained,

by working out the details of a bridge, an angle of
forty-five degrees being chosen, because an instance

in which the skew is very great gives the best illus-

tration of the errors introduced by the approximate
methods used. Throughout the book Mr. Donald-
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son displays not only an intimate knowledge of the

subject on which he writes, but also a great ability

in imparting that knowledge to others. The work
is strictly mathematical, but a knowledge of loga-

rithms only, and this ma/ be acquired in five min-
utes by those who do not already possess it, will

suffice for the practical application of the forrnuhe.

Sound. By John Tyndall, L.L. D., F. R. S.,

Professor of Natural Philosophy in the Royal
Institution of Great Britain. Second Edition.

Longmans, 1867. For sale by D. Van Nostrand,

New York.
That this book should have reached a second

edition so soon after its appearance, does not sur-

prise us; for even to unscientific and unmathe-
matical readers the abstruse .subjects connected
with natural philosophy become not only intelli-

gible, but fascinating in the hands of Professor

Tyndall. Since the death of Faraday, Tyndall

has no rival as a master of experimental science,

but even Faraday was not able to set forth his

philosophy in the same picturesque and charming
style as his successor. At once profound and
popular, elaborate yet simple, abounding with
beautiful illustrations, curious truths, and strik-

ing descriptions, these lectures are in the deepest

sense instructive, and in the highest degree enter-

taining. The work has not only excited the atten-

tion of the scientific world generally, but has won
admiration from all quarters. Besides the flatter-

ing reception it has met with in this country, the

book has been republished in America, while edi-

tions of it have appeared in France and Germany.
The readers of these lectures must necessarily

labor under no small disadvantage as compared
with those who heard them delivered and witnessed

the beautiful experiments by which the subject

received elucidation. But this drawback notwith-

standing, the reader will still find it a delightful

task to follow Professor Tyndall through his curi-

ous labyrinth of reasoning and experiment in these

pages. As he himself tells us, the true physical

philosopher never rests content with an inference

when an experiment to verify or contravene it is

possible. Accordingly, the science of acoustics is

here treated experimentally throughout, and the

lecturer has endeavored so to place each experi-

ment before the reader that he may almost realize

it as an actual operation. No fewer than 169
illustrations of experiments accompany the text.

In a word, to give distinct images of the various

phenomena of sound, and to cause them to be seen

mentally in their true relations, has been Pro-
fessor Tyndall's task. He has not only succeeded,
but has given the world by far the most complete
and valuable contribution to the science and lite-

rature of acoustics that has appeared.

—

The Build-

ing News.

Wrought Iron Bridges and Roofs. By W.
Cawthorne TJnwin, B. Sc, C. E. London:

Spon. 1869. For sale by Van Nostrand.
This volume contains a series of lectures de-

livered at the Royal Engineer Establishment, Chat-
ham, to the officers of the Royal Engineers under
instruction there; and they were afterwards printed

at the press of that establishment for private circu-

lation. That they proved useful to those for whom
they were originally intended Ave have no doubt,
and they are now offered in a revised and re-

arranged form to a wider circle of readers. The

author assisted Mr. William Fairbairu in some of
his many researches, and the work is dedicated to
him. It is illustrated with examples of the calcu-
lation of stress in girders and roof trusses by graphic
and algebraic methods. The author has restricted
the use of symbolic expressions as much as possible;
and the work holds an intermediate place between
practical and theoretical treatises.

—

Builder.

TRAITE DE 1'EXPLOITATION DES MlNES DE HoUILLE
etc., etc. Par A. T. Poxson, Ingenieur civil.

2nd Edit, by Jules Ponson. Liege and Paris. 2
vols, and Atlas.

This able and complete work on coal-mining has
been somewhat improved in this its second edition.

It is a tolerably exhaustive treatise from the Belgian
point of view of its entire subject ; not better, how-
ever, than one or two French works on the same
which we have ere now reviewed in these pages.
In one of its most interesting and important sec-

tions, that on shaft-sinking through water-bearing
strata of running sand and mud, we observe with
surprise the absence of any notice of some of the
most ingenious and effective contrivances that have
advanced this part of the pit-sinker's art; and this

is the more remarkable, as these are of origin so

close to Belgium as to be almost Flemish. The
Atlas of Plates published along with the first volume,
which is all we have as yet received, is well execu-
ted, and the details, both as to coal formation and
the tools etc. for working coal clear and good.

—

Practical Mechanics' Journal.

Traite Pratique de 1'Entretien et de 1'Exploi-
TATION DES ChEMINS DE FeR. Par Ch. GoSCH-

ler, Ing. etc. 8vo. Baudry, Paris. 1868.

This able systematic work upon the maintenance
and working of railways, the two first volumes of

which we reviewed a good while ago, has now
reached its third and fourth, or concluding volume.
The two first, it will be recollected, treated of the

material and personnel of railways; now we have
their keeping in repair and making good use of

them systematized and treated of with clearness

and great practical ability.

The work ought to be a vade mecum to every
chief servant in the employ of every railway in

Great Britain, or at least all such would profit by
its study; but for this a translation into English

must be had, and we see on the title-page tons droits

reserves.—Practical M echanics' Journal.

The Disinfectant Question. London : M'Cor-
quodale & Co. 1869. For sale by Van Nostrand.

Who shall review the reviewers ? This question

arises to us because the little work before us is a
reprint of a review published in a journal called the
" Sanitary Record," upon a book on disinfectants

recently written by Dr. Angus Smith. The work
is virtually a defense of Condy' s disinfecting fluid as

against McDougall's powder, which the writer says,

was partly invented by Dr. A. Smith, who is there-

fore likely enough to speak well of it. We do not

like the tone or temper of the writer. But we must
confess that our experience leads us to have a great

faith in the value of permanganate of potash,

whether it be sold by Mr. Condy or not. It is a
most valuable disinfectant and deodorizer and when
used in extremely dilute solution as a gargle, it is

one of the best detergents in cases of sore throat and
quinsey. Mr. Condy did not discover the perman-
ganates, but he has certainly been instrumental in
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introducing them into sanitary use. His "fluids"
are essentially permanganates, and they are sold in a

more convenient form and at a cheaper price than

they can be obtained from the chemist. This fact

may in some measure justify the writer's severe

strictness on the slur which Dr. Smith has cast on
" Condy's fluid."

—

Scientific Opinion.

A Practical Treatise on Mill-Gearing,
Wheels, Shafts, Kiggers, &c, for the Use

of Engineers. By Thomas Box, London: E. and
F. N. Spon. For sale by Van Nostrand.

All those of our readers who possessed of Mr.
Box's "Practical Hydraulics" and "Treatise on
Heat" (and no engineor should be without those

handy little volumes) will gladly note the publica-

tion of the work before us. Mr. Box's books are

what they profess to be, practical treatises clearly

written and free from all abstruse mathematical
formula? ; while they are, moreover, got up in good
style, and are of a convenient size for reference.

—

The third of the series (at least we hope that there

is to be a series), bearing the title at the head of

the present notice is in no way inferior to those

which have preceded it. It contains, within the

space of some eighty odd octavo pages, five chap-

ters, treating respectively of the standard unit of

power, of wheels, of shafts, of riggers, and of keys

for wheels and riggers ; the work being concluded

by an Appendix. In the chapter on wheels, Mr.
Box gives rules for laying out and calculating the

strength of teeth, as well as for proportioning the

wheels themselves, these rules being accompanied
by numerous tables, which materially facilitate cal-

culation. Similarly the chapter on shafts com-
prises rules for calculating the transmitting power
of shafts under different conditions, together with
descriptions of various methods of coupling, useful

notes on plummer blocks, bearings, &c, and a sec-

tion devoted to the consideration of crank shafts for

driving pumps and other work. The chapter on
riggers or pulleys contains a clear explanation of

the action of belts accompanied by some useful

tables, and also rules for the proportion of riggers

of various kinds ; while the fifth chapter, though
brief, is equally good in its way. Finally, the Ap-
pendix contains notes on the contraction of wheels
in casting, the strength of shafts and gearing for

screw propellers, and the theoretical strength of

shafts.

We have now briefly indicated the contents of

Mr. Box's useful little treatise, and we trust we
have said enough to show that it forms a valuable

audition to the practical engineer's library.

—

Engi-
neering.

The Handbook of Iron Shipbuilding. By
Thomas Smith, M. I. N. A. London : E. and

F. N. Spon.
It is, unfortunately, seldom that we find men

eminent in their profession willing to benefit the
public by their knowledge which has been acquired
during many years of varied experience. It is,

indeed, too generally the fact that such knowledge
is jealously guarded by them, and the only method
by which any one can acquire it, is to undergo sim-
ilar training, and, by picking up a "wrinkle"
every now and then, gradually to become profi-

cient. In this case, however, the author, with a
generous independence that cannot be too highly
praised, and which evidently arises out of a cer-
tain consciousness of superiority in his profession,

has given to the public a large amount of exceed-
ingly useful information which has hitherto been
most religiously kept secret. Although this work
is but small, it appears to teach everything that
is requisite for building an iron vessel; not only
giving dimensions and a full textual explanation
of every part of a ship, from the keel to the fram-
ing of the hatches, but illustrating such of these
explanations as may require it, by simple draw-
ings that it is impossible to misunderstand.

In the second part of the work, besides tables
of weights and results of experiments upon the
strength of ships' beams, a vast amount of infor-
mation is given as to the cost of vessels of various
sizes, both as regards material and wages, every
detail, even to the fitting up berths, being priced
separately. The author has foreseen an objection
that might be urged against the usefulness of giv-
ing prices—viz : that the price of labor varies con-
siderably in different districts—by giving exam-
ples of the cost of labor on an iron vessel, not only
in London, but also on the East coast, at Liver-
pool and on the Clyde; thus making this portion
of the work equally useful for all parts of the
country. From what we have said, it will be
seen that we esteem this book very highly, and
consequently we strongly recommend it to all

shipowners, shipbuilders, inspectors, shipmasters,
foremen, and all who wish to know how a ship
ought to be built or what it ought to cost.

—

The
Artisan.

Der Practische Maschinen Constructeur.—
A German periodical for builders of machines,

engineers and manufacturers, edited by Wilhelm
Heinrich Uhland, engineer and director of the
Technical Institute at Frankenberg-Chemnitz, in
Saxony. This excellent periodical which has en-
tered its second year, occupies itself principally and
almost exclusively with the design and construction

of machines of every description. It appears twice
a month. Every number contains two large cartoons
printed on both sides, with beautiful partly colored
drawings of machinery of the best and newest con-
struction, general plans as well as full and explicit

details, so that no manufacturer or engineer of some
experience will find any difficulty in making direct

practical use of them. The whole character of this

periodical is, in general, eminently practical, ab-
staining from all theoretical speculations, and plainly

showing the way certain kinds of machinery
or certain parts of machines have to be constructed

and to be put in place to give complete satisfaction

to makers and uses. As but very few papers of this

character exist, and as the " Maschinen Construc-

teur " fills its task perfectly and steadily, we do not

wonder that, in spite of the short time of its exist-

ence, this paper has already acquired a vast circula-

tion in all industrial countries. Constructors, engi-

neers and manufacturers, even when they are not

acquainted with the German language, will find the

various drawings of a high value.

What is Matter? By An Inner Templar.
London: "Wyman&Sons. 1869. The author

of this work tries to answer a question on which, as

we have no testimony of a crucial nature, it is

absolutely impossible to decide. "Whether the

substratum of phenomena be regarded as either

force or matter is really of no consequence. In

either case when we go beyond the mere phenome-
non—the mere sensual perception—we get into the
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land of metaphysical abstractions. We may explain

the mental impression which our senses have origin-

ated by supposing it to be the result of force or

forces, or of matter having certain pre-supposed
qualities, or by any other equally ingenious hypo-
thesis; but we are as far from demonstration as

ever. We confess we fail to see that " An Inner

Templar " has advanced one step nearer the solution

of the difficulty than those who preceded him. We
have not been able, either, to ascertain very satis-

factorily whether he advocates the existence of

matter or force. We are quite willing to concede
either to him, as being a convenient method of

explaining things whose explanation we really know
no more of than we do of eternity, or infinity, or

atomicity. But we cannot admit, and the writer

will agree with us in this, both force and matter.

If in imagination we abstract force from matter,

there is nothing left to conceive of. "An Inner
Templar" has made no actual observations in

physics, and he says he objects to mere hypotheses,

as Newton did. We hope lie does; but, certainly,

of all the startling and wild hypotheses that we have
ever met with, his own hypothesis of the origin of

the salt of the sea is the most wonderful, since it is

clearly evolved, like the carnal of the psychologist,

out of his moral consciousness. To assert as prob-

able, that the salinity of the sea is due to the per-

petual emanations of sodium, in the form of par-

ticles of matter (light) streaming from the sun,

throws the old story of the " mill grinding salt

"

for ever into the shade. We fear a " Templar's "

love of speculation drives him sometimes beyond
the dull and commonplace, though still useful,

region of facts. Nevertheless, we think his book
contains a deal of interesting matter.

—

Scientific

Opinion-

¥orssam & Co.'s Illustrated Catalogue of

WOOD-WORKING MAHINERY, OaKLEY WORKS,
King's Road, Chelsea. Folio, 1869. Illustrated.

This is one of the most copious, complete, and
handsomely got-up trade catalogues of any British

tool-making establishment that we have seen.

Dimensions, weights, speeds, power to drive, work
done per hour, &c. by most of the tools are given,

and the Catalogue is really a very good and valu-

able practical guide to wood-working machinery
of the best and most recent descriptions.

Although by title limited to wood-working ma-
chine tools, in reality it is still more comprehen-
sive, and embraces punching-presses, crab and
crane machinery, marble-sawing and grinding ma-
chinery, mortar mills and several others, which
the issuing house have made their specialities.

—

Practical Mechanic's Journal.

I^he Stepping Stone to Architectue. By T.

. Mitchell. Longmans. For sale by D. Van
Nostrand, New York.

This little book forms one of what the publishers

designate _their " Stepping Stone to Knowledge
Series," addressed to the young. It may be called

a Catechism of Architecture, after the manner of

the well-known Pinnock, being a series of questions

and answers on the history and different orders and
styles of architecture, ancient, mediaeval and modern,
" compiled with the view of creating a taste in the

mind of the young for the noblest of the arts."

—

The publication, however, may also prove service-

able to some who are more advanced, since it gives

upwards of a score of plates, and about fifty figures

taken from " Gwilt's Encyclopaedia of Architec-
t urc

.
' '

—

Building News.

A Dictionary, Practical, Theoretical and
Historical, of Commerce and Commercial

Navigation. By the late J. R. M'Culloch. With
a biographical notice. New edition by Hugh G.
Reid. Longmans. 1869.

This is a new and enlarged edition of a standard
work, containing not less than 1,600 pages of matter.

It is well spoken of by the English authorities.

Inventors' and Manufacturers' Gazette. E.
H. Saltiel, New York. This is a new dollar

monthly, containg ten pages of text and many wood
engravings.

MISCELLANEOUS.

John A. Roebling.—Mr. Roebling was by birth

a Prussian. He was a distinguished pupil of

the Royal Polytechnic School of Berlin. The sub-

ject of his thesis, upon graduating from that institu-

tion, was " Suspension-Bridges"—a subject which
made his after life famous, his death glorious, and
which will give to his memory a fullness and fresh-

ness that cannot pass away. After having been
engaged for three years, in accordance with a Gov-
ernmental regulation, upon the public works in

Germany, he emigrated to America. Arriving at

Pittsburg, he settled upon a small tract of land,

and devoted his attention for a while to agricultur-

al pursuits. About the year 1830, the onward
movement in the tide of American engineering

affairs set in with all its force, and the young agri-

culturist was taken up by the first incoming wave.

The plough and the harrow, the scythe and the

sickle must needs give way to the compass and level,

the rod and the chain. He was employed for some
time on the various canals and other works at that

time being carried on in every direction. With
great forethought, he commenced the manufacture

of wire-rope, doubtless instigated thereto by a re-

collection of his early love of the subject of sus-

pension-bridges. The year 1844 records his first

work of that class—to wit, the construction of a

wooden aqueduct across the Alleghany River, which
he carried out on the wire-rope suspension principle,

with great success. The construction of the sus-

pension-bridge over the Monongahela at Pittsburg,

the site of his early agricultural labors, followed.

The erection of suspension-brigdges in various

localities so far enlarged his experience as to induce

him to undertake the apparently impossible task df

spanning the Niagara, near the falls, with a railway

suspension-bridge. This, his greatest achievement,

was completed in 1855, and, for boldness in con-

ception, economy in construction, and proportionate

strength in all its parts is, perhaps, unsurpassed by
any engineering work of modern times.

His designs of the East River Bridge, the plans

of which he had thoroughly matured, and which have

withstood the test of the severest criticism at the

hands of the ablest engineering talent of the coun-

try, are left as the last, and perhaps the greatest,

monument of his engineering skill in coping with

physical obstacles that to other less bold and com-
prehensive minds would have proved insurmoun-

table. In the crypt of St. Paul's Cathedral is a

simple slab that marks the tomb of its great de-

signer, Sir Christopher Wren. Upon the slab are

inscribed, in effect, these words :
'•' If you would
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seek his monument, look around you." Thus it is

with John A. Roebling; his works are an imperish-

able monument to his memory

—

Engineering and

Mining Journal.

The Great Eastern.—When the eminent engi-

neer, Brunei, built the Great Eastern, he

expected to begin a new era in commerce. He
supposed his vessel would carry freight and pas-

sengers cheaper and more expeditiously and com-
fortably than other vessels, and that he should

work a revolution in shipbuilding and trade. Her
first voyage to New York was a failure. She
seemed to be an utter failure, and good for noth-

ing. Poor Brunei died of chagrin and disappoint-

ment.

—

Exchange.
This is a specimen of the information given to

the public about this wonderful ship, by commer-
cial newspapers. Brunei conceived the idea of

the Great Eastern, and arranged her double pro-

pelling power, but he did not build her, nor did

he, in a naval architectural sense, design her.

This was Scott Russell's work. That she will

carry freight 100 per cent more cheaply than

smaller vessels, when fully loaded, is not ques-

tioned by experts, and has in fact been demon-
strated by the results of other ships of different

sizes. The Great Eastern will hold eight times

the freight and encounter only four times the re-

sistance, at a given speed, of a vessel of half her

length, breadth and depth. As to carrying pas-

sengers more comfortably—she has always demon-
strated this, except in one case, when she was so

ballasted as to roll abnormally. Any ship can be

served so. "We have sailed as quietly upon her,

in mid ocean, as upon Long Island Sound steam-

ers in average weather, and at a time, too, when
the vessels passing the Great Eastern were pitch-

ing so much as to cause general sea-sickness. The
Great Eastern was never filled nor never run on

the route for which she was built. It is not prob-

able that the " Scotia" would pay between Boston
and New York, immense as the traffic is. How
was the first voyage of the ship to New York a

failure ? We made that voyage in good average

time, taking a long detour ; and no one was sea-

sick, though there were two days of heavy weather.

The good-for-nothingness of the Great Eastern has

been demonstrated by her laying three cables and
uniting two continents—a work that would not

have been done without her. Finally, Brunei died

before she was launched, and consequently not in

consequence of her unprofitable voyages, which
were, by the way, the result of bad- management.
We commend these considerations to the penny-
a-liners who periodically pitch into the Great
Eastern.

rpHE British Telegraph Bill.—The bill for the

JL purchase of the telegraphic lines throughout

Great Britain is a measure of great importance.

The Government purpose extending telegraphic

communication to the suburbs of all the large towns,

to all the second-rate towns having railway stations,

and to places in which at present there are neither

telegraph nor railway stations. It is contemplated
to serve, under the new arrangement, 3,376 places,

instead of 1,882 now served by telegraphs and rail-

ways, and to have 842 branch offices, instead of the

247 existing at present. There is now one telegraph

office to every 13,000 of the population; the Gov-
ernment will have one office to every 6.000 of the

population. They propose, likewise, the creation of
offices of deposit, every letter-box and every pillar-

box being such an office, where messages will be
received and sent to the telegraph office to be for-
warded to their destination. The wires are to be
brought into the money order office in every town
and district, thereby bringing the telegraph into the
center of a population, instead of its remaining, as
it frequently does at present, in the outskirts. And
they contemplate extending in many places the
number of hours during which the telegraph will be
accessible to the public. It is proposed also to have
one uniform tariff of Is. for 20 words. The basis
of the agreement entered into, under an act passed
last year, for the transfer of the lines to the Govern-
ment, was that a sum amounting to twenty years'
purchase of the net profits of the various telegraph
companies up the 30th of June of last year should
be paid to the proprietors of those undertakings.
On this basis the amount to be paid to the compa-
nies is over $28,500,000 gold, but other expenses
will swell the total cost to $33,500,000. It is

expected that the lines will yield a gross revenue
close upon $3,500,000, and the expenditure will be
nearly $2,000,000, showing about $1,500,000 net
profit—enough to pay the interest upon the purchase
money and leave a surplus of fully $250,000. The
numbei of inland messages for the year ending last

December was 6,000,000, upon which number it is

reckoned there will be an increase for the first year
of at least 2,500,000. Much of this increase is

expected to result from bringing the telegraph
nearer the center of the population; experience,
both on the continent and in England, having shown
that wherever telegraph facilities are by this means
placed within easy reach of the people, a large

increase on the number of messages is certain to
follow. It is noteworthy that, contrary to the opinion
of some of the most experienced engineers, the
Government, in the estimates, have calculated the
life of a cable at fifteen years, and have therefore
provided for replacing all the cables at the end of
that time.

—

Tribune.

The Darien Canal—An Old Project.—The
project of uniting the two oceans by a cut across

the Isthmus of Darien, is not a new or a modern
one. In 1528 a route for a canal was examined by
two Flemish engineers, by the orders of Philip II

of Spain, but finding insuperable difficulties, the
project was abandoned. In England the project

was revived in the latter part of the seventeenth
century. In 1826, Domingo Lopez, of New Gran-
ada, explored a route for a canal 44 miles in length,

between Panama and Portobello. Another survey
was made in 1827, under the orders of General
Bolivar, by two English engineers, Lloyd and Fal-
mark, who concluded their labors in 1829. The
only result of their labors was proving the possibil-

ity of either a canal or railroad between Panama
and Chagres. In 1843, the French government
sent out MM. Garella and Courtines to make ex-
plorations. They reported in favor of a canal pass-

ing under the dividing ridge of the Ahogayegua by
a tunnel 125 feet high from water level, and 17,390
feet long.

Napoleon and the Engineers.—The Emperor
Napoleon in his early days was an enthusiastic

student of engineering science and an engineer of

no mean acquirements ; and since his elevation to

the throne has shown himself constantly the friend,
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patron and promoter of all ingenious inventions.

and especially of all enterprises embodying the

science of construction in public ways and works
of all kinds. It is no mere empty compliment,
then, that has been offered him by the London In-

stitution of Civil Engineers in electing him an
honorary member of that body; and the cordial re-

ception which the Emperor gave the Committee
who bore to him official information of it, meant,
doubtless, more of genuine pleasure and cordiality

than could be found in most international forms of

courtesy.

—

Y. Y. Times.

Morton's Ejector-Condenser.—This novel ap-

pliance to the steam engine (described and il-

lustrated in Van Nostrand's Magazine, No. 3. p.

225), is making rapid and extensive progress amongst
engineers, mine owneis, and others. Orders for the

condenser and for licenses to manufacture it are

being received from all parts of the United King-
dom. No fewer than four condensers were sent off

last week to meet as many orders. One has lately

been applied to a pumping engine at a colliery be-

longing to Messrs. Wilsons &. Co., of Summerlee
Ironworks, and the consumption of coal in six

hours was immediately reduced from 56 cwt. to 33

cwt. A more striking instance of economy of fuel

effected by using a Morton condenser is that af-

forded by an engine to which the condenser was
applied, near Dairy, in Ayrshire. The consump-
tion of fuel was reduced one-half. So satisfied is

the manager of the works (Messrs. Merry and Cun-
ninghame's) with the work done by this condenser,

that it is intended to apply the apparatus to several

other engines. It has been applied to a Clyde-built
screw steamer, lately purchased for the Pontifical

Marine, and Messrs. Day &. Co., Southampton, have
just built a splendid steam yacht, to whose engines

it has been applied. In this instance the condenser
has been constructed of finely polished gun-metal.—Engineering.

Welded Boilers.—A contract was recently let

to a Belgian firm for the making of twenty
boilers thirteen feet long and three and a half in

diameter—the whole to be of half-inch plates, and
to be welded throughout No English firm would
take the contract.

—

Exchange.
It would be interesting to know whether these

boilers are to be welded by Bertram's gas welding
process or some modification of it. We can hardly
imagine how a perfect job can be made otherwise.

We have seen at Woolwich a complex boiler com-
pletely and soundly welded by this process.

Mr. Isherwood and General Grant.—Speak-
ing of the President's nomination of chief

engineer James W. King to be chief of the Bureau
of Steam Engineering, " in place of Isherwood,
whom I desire removed," the Engineer says

:

"We are sorry that Mr. Isherwood has been
removed. He was the right man in the right place

as far as England was concerned."

Shipping or Liverpool.—The quantity of ship-

ping for sale in the port of Liverpool now
amounts to the enormous aggregate of 124,788 tons,

thus classified :—Colonial built sailing ships, 39,510
tons; British built ditto, wood, 18,464 tons; ditto

iron, 5,266 tons; foreign built, sailing ships, 10,943
tons; new sailing ships, iron and composite, 4,590
tons; screw steamers, 38,180 tons; paddle steamers.
7,835 tons.

Marine Engines.—Messrs. Maudslay, Sons and
Field, are completing three pairs of 800-horse

power engines for foreign governments. Messrs.
John Penn and Son are actively engaged upon the
1200-horse power engines of the Sultan—copies in

every respect of the engines of the Hercules. The
great crank shaft was forged by Messrs. Rigby and
Beardmore, of the Parkhead Forge, Glasgow. It

has turned out, in the lathe, as sound a forging as

any ever made. Its weight, in the rough, was
nearly 35 tons.

Boiler Explosions.—No one doubts that a series

of comprehensive experiments conducted by
our most competent experts, and costing say

$100,000, would develop the causes and remedies
for these disasters; yet boiler owners go on blowing
up millions of money—not to speak of lives—every
year, without spending a cent or making a move-
ment towards a radical cure. So long as the causes

of explosions cannot be proved and demonstrated to

be simple and accessible, rather than mysterious
and remote, so long will there be excuses for mal-
construction and mal-practice.

Aerial Navigation.—Upon the heels of the
meeting of the British ^Eronautical Society,

which developed little but hopes based upon fail-

ures, we have news from California that the great
problem is solved. Let us hope so. At the same
time, it is difficult to see, with the light we now
have, how all the talent, patience and money
expended in this direction in England, can have so

utterly missed the great possibilities upon which
the California inventor has so easily seized.

Ucean Time of the " Dauntless."—The Ameri-
can yacht " Dauntless," Vice Commodore James

G. Bennett, jun., recently made the run, from New
York to Queenstown, in 12 days 17 hours 6 min.
12 sec, and beating the time of the "Henrietta"
in her famous ocean race with the " Fleetwing " and
"Vesta." The "Dauntless" experienced heavy
weather the entire voyage.

American Running Gear Abroad.—An English
firm of coachbuilders announce that they are

prepared to build light carriages on wheels imported
from America. Now that this innovation has been
made it is just possible that the principle of light

wheels will be applied to the construction of carts

and wagons used in agricultural districts.

Duty of Cornish Engines in England.—Eigh-
teen Cornish engines were reported in April.

These consumed 1,468 tons of coal, and lifted

11,700,000 tons of water ten fathoms high. Aver-
age duty, 53,700,000 lbs., lifted one foot high by the
consumption of 112 lbs. of coal. Seven engines
exceeded the average duty.

Neutralizing Miasmatic Gases.—The plan of
neutralizing the effects of marshy extralations

tried in the fens near Rochefort, and in Holland,

with success, is about to be introduced into Lincoln-

shire. It consists in the cultivation of the sun-
flower on a large scale.

Large Pumping Engine.—The "Scientific Ameri-
can" states that the third pumping engine for

the Brooklyn Waterworks, now being built, will be
the largest and most powerful pumping engine in

the world, with the exception of one in Cincinnati.
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In prefacing our proceedings with a few
remarks on the leading subjects of the day
of special interest to our section, I can

scarcely pass over the somewhat hackneyed
question of technical education.

Technical Education.—The great inter-

national exhibitions proved, that although

England still holds her ground as the lead-

ing manufacturing country, the nations of

the Continent have made great strides to

dispute her pre-eminence in several branches,

a result which is generally ascribed to their

superior system of technical education.

Those desirous of obtaining a clear insight

into that system, and the vast scale upon
which it is being carried out under Govern-
ment supervision, cannot do better than read

Mr. John Scott Russell's very able volume
on this subject, and they will, no doubt,

agree with the author in the necessity of en-

ergetic steps being taken in this country to

promote the work of universal education.

Although I, for one, think that objection

may fairly be made against the plan of

merely imitating the example of our neigh-

bors.

The polytechnic schools of the Continent,

not satisfied to impart to the technical stu-

dent a good knowledge of mathematics and
of natural sciences, pretend, also, to super-

add the practical information necessary to

constitute them engineers or manufacturers.
This practical information is conveyed to

them by professors, lacking themselves prac-

tical experience, and tends to engender in

the students a dogmatical conceit, which is

Vol. I.—No. 10.-57.

likely to stand in the way of originality in

the adaptation of new means to new ends in

their future career. On this account, I

should prefer to see a sound " fundamental "

education, comprising mathematics, dynam-
ics, chemistry, geology and physical science,

with a sketch only of the technical arts, fol-

lowed up by professional training, such as

can only be obtained in the workshop, the

office or the field.

Pate?its.—Closely allied to the question

of education is that of the system of Letters

Patent. A patent is, according to modern
views, a contract between the Commonwealth
and an individual who has discovered a

method, peculiar to himself, of accomplish-

ing a result of general utility. The State,

being interested to secure the information,

and to induce the inventor to put his inven-

tion into practice, grants him the exclusive

right of practising it, or of authorizing

others to do so, for a limited number of years,

in consideration of his making a full and
sufficient description of the same. Unfor-

tunately, this simple and equitable theory

of the patent system is very imperfectly

carried out, and is beset with various ob-

jectionable practices, which render a patent

sometimes an impediment to, rather than a

furtherance of applied science, and some-

times involves the author of an invention in

endless legal contentions and disaster, in-

stead of procuring for him the intended re-

ward. These evils are so great and palpa-

ble, that many persons, including men of

undoubted sincerity and sound judgment on

most subjects, advocate the entire abolition

of the Patent Laws. They argue that the

desire to publish the results of our mental

labor suffices to ensure to the Commonwealth
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the possession of all new discoveries or in-

ventions, and that justice might be done to

meritorious inventors by giving them na-

tional rewards.

This argument may hold good as regards

a scientific discovery, where the labor be-

stowed is purely mental, and carries with it

the pleasurable excitement peculiar to the

exercise and advancement of science on the

part of the devotee ; but a practical inven-

tion has to be regarded as the result of a

first conception, elaborated by experiments

and their application to existing processes in

the face of practical difficulties, of prejudice,

and of various discouragements, involving

also great expenditure of time and money,
which no man can well afford to give away,

nor can men of merit be expected to advo-

cate their cause before the national tribunal

of rewards, where at best only very narrow

and imperfect views of the ultimate impor-

tance- of a new invention would be taken,

not to speak of the favoritism to which the

doors would be thrown open. Practical men
would undoubtedly prefer either to exercise

their inventions in secret, where that is pos-

sible, or to desist from following up their

ideas to the point of their practical realiza-

tion. If we review the progress of the

technical arts of our time, we may trace

important practical inventions almost with-

out exception to the Patent Office. In cases

where the inventor of a machine or process,

happened to belong to a nation without an

efficient patent law, we find that he readily

transferred the scene of his activity to the

country offering him the greatest encourage-

ment, there to swell the ranks of intelligent

workers. Whether we look upon the pow-
erful appliances that fashion shapeless masses

of iron and steel into railway wheels or

axles, or into the more delicate parts of ma-
chinery ; whether we look upon the complex
machinery in our cotton factories, our dye
works and paper mills, or into a Birmingham
manufactory, where steel pens, buttons, pens,

buckles, screws, pencil-cases, and other ob-

jects of general utility are produced by
carefully elaborated machinery, at an ex-

tremely low cost ; or whether we look upon
our agricultural machinery, by which Eng-
land is enabled to compete, without protec-

tion, against the Russian or Danubian agri-

culturist, with cheap labor and cheap land

to back him, in nearly all cases we find that

the machine has been designed and elabo-

rated in its details by a patentee who did

not rest satisfied till he had persuaded the

manufacturers to adopt the same, and re-

moved all their real or imaginary objections

to the innovation. We also find that the
knowledge of its construction reaches the
public directly or indirectly through the Pa-
tent Office, thus enlarging the basis for fur-

ther inventive progress.

The greatest illustration of the beneficial

working of the patent laws, was supplied, in

my opinion, by James Watt, when, just

about 100 years ago, he patented his inven-
tion of a hot working cylinder and separate

steam engine condenser. After years of

contest against those adverse circumstances
that beset every important innovation, James
Watt, with failing health and scanty means,
was only upheld in his struggle by the deep
conviction of the ultimate triumph of his

cause. This conviction gave him confidence

to enlist the co-operation of a second capi-

talist, after the first had failed him, and of

asking for an extension of his declining

patent.

Without this opportune help Watt could

not have succeeded to mature his invention
;

he would, in all probability, have relapsed

into the mere instrument maker, with broken
health and broken heart, and the invention

of the steam engine would not only have

been retarded for a generation or two, but
its final progress would have been based
probably upon the coarser conceptions of

Papin, Savory and Newcomen.
It can easily be shown that the perfect

conception of the physical nature of steam,

which dwelt like a Heaven-born inspiration

in Watt's mind, was neither understood by
his contemporanies nor by his followers, up
to very recent times ; nor can it be gathered

from Watt's very imperfect specification.

James Watt was not satisfied to exclude the

condensing water from his working cylinder,

and to surround the same by non-conducting

substances, but he placed between the cylin-

der and the non-conducting envelope, a

source of heat in the form of a steam jacket,

filled with steam at a pressure somewhat su-

perior to that of the working steam. His
successors have not only discarded the steam

jacket, and even condemned it on the su->

perficial plea that the jacket presented a

larger and hotter surface for loss by radia-

tion than the cylinder, but expansive work-

ing was actually rejected by some of them
on the ground that no practical advantage

could be obtained by it. The modern en-

gine, notwithstanding our perfected means
of construction, had in fact degenerated in
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many instances into a simple steam-meter,

constructed apparently with a view of emp-
tying the boiler in the shortest possible space

of time.

It is only during the last twenty years

that the subtile action of saturated steam in

condensing upon the sides of the cylinder

when under pressure, and of evaporating

when the pressure is relieved toward the end

of each stroke, has been again recognized

and insisted upon by Lechatelier and others,

who have shown the necessity of a slightly

super-heated cylinder in order to realize the

expansive force of steam.

The result has been a reduction in the

consumption of fuel in our best marine en-

gines from 6 to 8 to below 3 lbs. per gross

indicated horse power.

Would it be safe in view of such facts as

these to discard the patent laws which, as I

have endeavored to show, lay at the very

foundation of our modern progress, without

making at all events a serious effort to rem-

edy those evils, which, it is admitted on all

hands, now adhere to them ? These evils

need for the most part no special legislation,

but can be traced to the imperfect manner
in which the existing patent laws are carried

into effect.

It is a hopeful circumstance that during

the next session of Parliament, the whole
question of the patent laws is likely to be

inquired into by a special committee, who,

it is to be hoped, will act decidedly in the

general interest, without being influenced by
special or professional claims. They will

have it in their power to render the Patent

Office an educational institution of the high-

est order.

The Great Works of the Year.—In view-

ing the latest achievements of engineering

science, two works strike the imagination

chiefly by their exceeding magnitude, and
by the influence they are likely to exercise

upon the traffic of the world. The first of

these is the great Pacific Railway, which,

in passing through vast regions hitherto in-

accessible to civilized man, and over for-

midable mountain chains, joins California

with the Atlantic States of the great Amer-
ican republic. The second is the Suez ship-

ping canal, which, notwithstanding adverse

prognostications and serious difficulties, will

be opened very shortly to the commerce of

the world. These works must greatly ex-

tend the range of commercial enterprise in

the North Pacific and the Indian Seas: The

new waterway to India, will, owing to the

difficult navigation of the Red Sea, be in

effect only available for ships propelled by
steam, and will give a stimulus to that branch

of engineering.

Telegraph*. — Telegraph communication
with America has been rendered more secure

against interruption by the successful sub-

mersion of the French Transatlantic Cable.

On the other hand,telegraphic communication
with India still remains in a very unsatis-

factory condition, owing to imperfect lines

and divided administration.

To supply a remedy for this public evil,

the Indo-European Telegraph Company will

shortly open its special lines for Indian cor-

respondence. In Northern Russia, the con-

struction of a land line is far advanced to

connect St. Petersburg with the mouth of

the Amour river, on completion of which
only a submarine link between the Amour
and San Francisco will be wanting to com-
plete the telegraphic girdle round the earth.

With these great highways of speech once

established, a network of submarine and
aerial wires will soon follow, to bind all in-

habited portions of our globe together into

a closer community of interests, which, if

followed up by steam communication by land

and by sea, will open out a great and mer-
itorious field for the act.ivity of the civil and
mechanical engineer.

Railways.—But while great works have
to be carried out in distant parts, still more
remains to be accomplished nearer home.
The railway of to-day has not only taken

the place of high roads and canals, for the

transmission of goods and passengers be-

tween our great centers of industry and pop-

ulation, but is already superseding by-roads

leading to places of inferior importance ; it

competes with the mule in carrying minerals

over mountain passes, and with the omni-

buses in our great cities. If a river cannot

be spanned by a bridge without hindering

navigation, a. tunnel is forthwith in contem-

plation ; or, if that should not be practica-

ble, the transit of trains is yet accomplished

by the establishment of a large steam ferry.

It is one of the questions of the day to

decide by which plan the British Channel
should be crossed, to relieve the unfortunate

traveler to the Continent of the exceeding

discomfort and delay inseparable from the

existing most imperfect arrangements. Con-
sidering that this question has now been ta-

ken up by some of our leading engineers,

and is also entertained by the two interested



8G8 VAN NOSTRAND'S ENGINEERING MAGAZINE.

Governments, we may look forward to its

speedy and satisfactory solution.

So long as the attention of railway engi-

neers was confined to the construction of

main lines, it was necessary for them to pro-

vide for a heavy traffic and high speeds, and
these desiderata are best met by a level, per-

manent way, by easy curves, and heavy rails

of the strongest possible materials, namely,

cast steel, but in extending the system to

the corners of the earth, cheapness of con-

struction and maintenance, for a moderate
speed, and a moderate amount of traffic, be-

come a matter of necessity.

Instead of plunging through hill and
mountain, and of crossing and recrossing

rivers by a series of monumental works, the

modern railway passes in zigzag up the

steep incline, and conforms to the windings

of the narrow gorge ; it can only be worked
by light rolling stock of flexible construct-

ion, furnished with increased power of adhe-

sion and great brake power. Yet, by the

aid of the electric telegraph, in regulating

the progress of each train, the number of

trains may be so increased as to produce,

nevertheless, a large aggregate of traffic, and

it is held by some that our trunk lines even

would be worked more advantageously by
light rolling stock.

The brake power on several of the French
and Spanish railways has been greatly in-

creased by an ingenious arrangement, con-

ceived by M. Lechatelier, of applying what
has been termed " contre vapeur " to the

engine, converting it for the time being into

a pump forcing steam and water into the

boiler.

Warfare.
—

"While the extension of com-
munication occupies the attention of per-

haps the greater number of our engineers,

others are engaged upon weapons of offen-

sive and defensive warfare. We have

scarcely recovered our wonder at the terrific

destruction dealt by the Armstrong gun, the

Whitworth bolt, or the steel barrel consoli-

dated under Krupp's gigantic steam hammer,
when we hear of a shield of such solidity

and toughness, as to bid defiance to them
all. A larger gun, or a hard bolt by Palliser

or Gruson, is the successful answer to this

challenge, when again defensive plating, of

greater tenacity to absorb the power residing

in the shot, or of such imposing weight and
hardness combined as to resist the projectile

j

absolutely (causing it to be broken up by
the force residing within itself), is brought

j

forward.

The ram of war with heavy iron sides,

which a few years since was thought the
most formidable, as it certainly was the most
costly weapon ever devised, is already being
superseded by vessels of the Captain type,

as designed by Captain Coles, and ably car-

ried out by Laird Brothers, with turrets

(armed with guns of gigantic power) that
resist the heaviest firing, both on account of
their extraordinary thickness, and of the an-
gular direction in which the shot is likely to

strike.

By an ingenious device Captain Moncrieff
lowers his gun upon its rocking carriage af-

ter firing, and thereby does away with em--
brasures (the weak place in protecting works),

while at the same time he gains the advan-
tage of reloading his gun in comparative
safety.

It is presumed that in thus raising for-

midable engines of offensive and defensive

warfare, the civilized nations of the earth

will pause before putting them into earnest

operation, but if they should do so, it is con-

solatory to think that they could not work
them for long without effecting the total ex-

haustion of their treasuries, already drained

to the utmost in their construction.

Iron and Steel.—While science and me-
chanical skill combine to produce these won-
drous results, the germs of further and still

greater achievements are matured in our

mechanical workshops, in our forges, and in

a metallurgical smelting works ; it is there

that the materials of construction are pre-

pared, refined and put into such forms as to

render greater and still greater ends attain-

able. Here a great revolution of our con-

structive art has been prepared by the pro-

duction, in large quantities, and at moderate
cost, of a material of more than twice the

strength of iron, which, instead of being

fibrous, has its full strength in every direc-

tion, and which can be modulated to every

degree of ductility, approaching the hard-

ness of the diamond on the one hand, and
the proverbial toughness of leather on the

other. To call this material cast steel seems

to attribute to it brittleness and uncertainty

of temper, which, however, are by no means
its necessary characteristics. This new ma-
terial, as prepared for constructive pur-

poses, may, indeed, be both hard and tough,

as is illustrated by the hard steel rope that

has so materially contributed to the practical

success of steam ploughing. Machinery
steel has gradually come into use since about

1850, when Krupp, of Essen, commenced to
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supply large ingots that were shaped into

railway tyres, axles, cannon, &c, by melting

steel in furnaces containing hundreds of melt-

ing crucibles.

The Bessemer process, in dispensing with

the process of puddling, and in utilizing the

carbon contained in the pig iron to effect the

fusion of the final metal, has given a vast

extension to the application of cast steel for

railway bars, tyres, boiler plates, &c.

The process is limited, however, in its ap-

plication to superior brands of pig iron,

containing much carbon, and no sulphur or

phosphorus, which latter impurities are so

destructive to the quality of steel. The
puddling process has still to be resorted to,

to purify these inferior pig irons, which con-

stitute the bulk of our productions, and the

puddled iron cannot be brought to the con-

dition of cast steel except through the pro-

bess of fusion. This is accomplished suc-

cessfully in masses of from 3 to 5 tons on

the open bed of a regenerative gas furnace,

at the Landore Siemens Steel Works, and

at other places. At the same works cast

steel is also produced, to a limited extent as

yet, from iron ore, which, being operated

upon in large masses, is reduced to the me-

tallic state, and liquified by the aid of a cer-

tain proportion of pig metal. The regener-

ative gas furnace, the application of which,

to glass houses, to forges, &c, has made con-

siderable progress, is unquestionably well

suited for this operation, because it com-

bines an intensity of heat, limited only by

the point of fusion of the most refractory

material, with extreme mildness of draught

and chemical neutrality of flame.

These and other processes of recent ori-

gin, tend toward the production, at a com-

paratively cheap rate, of a very high class

material, that must shortly supersede iron

for almost all structural purposes. As yet

engineers hesitate, and very properly so, to

construct their bridges, their vessels, and
their rolling stock, of the material produced

by these processes, because no exhaustive

experiments have been published as yet, fix-

ing the limit to which they may safely be

loaded in extension, in compression and in

torison, and because they have as yet no suf-

ficient information regarding the tests by
which their quality can best be ascertained.

This great want is in a fair way of being

supplied by the experimental researches that

have been carried on for some time at Her Ma-
jesty's dockyards at Woolwich, under a com-
mittee appointed for that purpose by the

Institution of Civil Engineers. In the

meantime excellent service has been ren-

dered by Mr. Kirkaldy, in giving us, in a

perfectly reliable manner, the resisting

power and ductility of any sample of mate-

rial which we wish to submit to his tests.

The results of Mr. Whitworth's experiments,

tending to render- the hammer and the rolls

obsolete, by forcing cast steel, while in a

semi-fluid state, into strong iron moulds by
hydraulic pressure, are looked upon with

great interest. But assuming that the new
building material has been reduced to the

utmost degree of uniformity and cheapness,

and that its limits of strength are fully as-

certained, there remains still the task for

the civil and mechanical engineer to prepare

designs suitable for the development of its

peculiar qualities. If in constructing a

girder, for example, a design were to be

adopted that had been worked out for iron,

and if all the scantlings were simply reduced
in the inverse proportion of the absolute and
relative strength of the new material as com-
pared with iron, such a girder would as-

suredly collapse when the test weight was
applied, for the simple reason that the re-

duced sectional area of each part, in propor-

tion to its length, would be insufficient to

give stiffness. You might as well almost

take a design for a wooden structure, and
carry it out in iron, by simply reducing the

section of each part. The advantages of

using the stronger material become most ap-

parent, if applied, for instance, to large

bridges, where the principal strain upon each

part is produced by the weight of the struc-

ture itself ; for supposing that the new ma-
terial can be safely weighted to double the

bearing strain of iron, and that the weight

of the structure were reduced by one-half

accordingly, there would still remain a large

excess of available strength, in consequence

of the reduced total weight, and this would
justify a further reduction of the amount of

the material employed. In constructing

works in foreign parts, the reduced cost of

carriage furnishes also a powerful argument
in favor of the stronger material, although

its price per ton might largely exceed that

of iron.

Coal and Power.—The inquiries of the

Royal Commission into the extent and man-
agement of our coalfields, appear to be re-

assuring as regards the danger of their be-

coming soon exhausted ; nevertheless, the

importance of economizing these precious

deposits in the production of steam power
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in metallurgical operations, and in domestic

use, can hardly be overestimated. The calo-

rific power residing in a pound of coal of a

given analysis, can now be accurately ex-

pressed in units of heat, which again are

represented by equivalent units of force, or

of chemical action ; therefore, if we ascer-

tain the consumption of coal of a steam en-

gine, or of a furnace employed in metallur-

gical operations, we are able to tell by the

light of physical science, what proportion of

the heat of combustion is utilized, and what
proportion is lost. Having arrived at this

point, we can also trace the channels through

which loss takes place, and in diminishing

these by judicious improvement, we shall

more and more approach those standards of

ultimate perfection which we can never reach,

but which we should nevertheless keep stead-

fastly before our eyes. Thus a pound of or-

dinary coal is capable of producing 12,000

Fahrenheit units of heat, which equal 9,264,-

000 foot-pounds or units of force, whereas

the very best performances of our pumping
engines do not exceed the limit of 1,000,000

foot-pounds of force per pound of coal. In

like manner 1 lb. of coal should be capable

of heating 33 lbs. of iron to the welding

point of say 3000° Fahr., whereas in an or-

dinary furnace not 2 lbs. of iron are so

heated with 1 lb. of coal. These figures

serve to show the great field for further im-

provement that lays yet before us.

Refrigeration.—Although heat may be

said to be the moving principle by which all

things in nature are accomplished, an excess

of it is not only hurtful to some of our pro-

cesses, such as brewing, and destructive to

our nutriments, but to those living in hot

climates, or sitting in crowded rooms, an

excess of temperature is fully as great a

source of discomfort as excessive cold can

be. Why, then, may I ask, should we not

resort to refrigeration in summer, as well as

to calorification in winter, if it can be shown
that the one can be done at nearly the same

cost as the other ? So long as we rely for

refrigeration upon our ice cellars, or upon

importation of ice from distant parts, we
shall have to look upon refrigeration as a

costly luxury only, but by the use of prop-

erly constructed machines it will be possi-

ble, I believe, to produce refrigeration at

an extremely moderate expenditure of fuel

and labor. A machine has already been con-

structed capable of producing 9 lbs. of ice

or its equivalent for 1 lb. of coal, whereas

the equivalent values of positive heat devel-

oped in the combustion of 1 lb. of coal,

and of negative heat residing in 1 lb. of ice,

is about as 12,000 to 170, or as 1 to 70.

This result already justifies the employment
of refrigerating machines upon a large scale,

but it is hard to say what practical results

may yet be reached with an improved ma-
chine on strictly dynamical principles, be-

cause such a machine seems not tied in its

results to any definite limits. In changing,

for instance, a pound of water from the

liquid into the gaseous state, a given num-
ber of units of heat are required, that may
be produced by combustion of coal or by
the expenditure of force, but in changing
the same pound of water into ice, heat is not

lost but gained in the oporation, which heat

must be traceable to another part of the

machine, either as sensible heat or as devel-

oped force. It would lead me too far to

enter at present into particulars on this

question, which is one not without interest

for the physicist and the mechauical engi-

neer.

SEA COAST DEFENSE.

THE MONCRIEFP SYSTEM OP WORKING
ARTILLERY.

Froiii a paper by Captain Moncrieff, before the
Royal Institution of Great Britain.

Until the time of the Crimean war very
little and very slow progress had been made
in artillery. Canon were manufactured on
nearly the same models, and of the same
materials, that had been used for 300 years.

Before that time cast-iron was not in use,

but the forged or bronze guns, although in

some cases large, were not what is now con-

sidered powerful, and the penetration of their

shot was not sufficient to pass through a par-

apet of earth that is now pierced even by
light rifled artillery. The conditions, there-

fore, under which artillery was worked, and
the means provided for protection against its

fire, remained much the same as they were
in the time of Vauban. Several events

during the Crimean campaign confirmed an
impression that has always been more or less

entertained—that an increase in the power
of individual guns produced greater results

than could be obtained by a much greater

weight of metal, distributed among a larger

number of small pieces of artillery. It is

not too much to say that the development

of this art has, since 1855, changed the

character of war both on land and water. It

has established completely the superiority
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of a few large pieces over a much greater

weight of metal in smaller guns. It has

given artillery of all classes a range, pene-

tration, and an accuracy of Fire, which throw
into the shade the greatest results that had
been previously obtained. It has also stim-

ulated the advocates of cast-iron smooth
bores to produce guns that might rival the

rifled artillery ; and yet it is by no means
probable that the limit of power, either

of large smooth-bores or rifled guns, has

been arrived at. When it became apparent

that mighty results were to be obtained

from improved artillery, a great deal of en-

gineering talent was directed to the subject.

Comparatively new appliances, such as the

steam-hammer, and new methods of working
steel, were called to aid in the construction

of the new and powerful guns. So much in-

terest, indeed, was taken in the subject, and
so much attention absorbed by it, that the

conditions which these improvements in ar-

tillery themselves imported with them ran

some danger of being neglected. The power
of artillery became so great that the ordi-

nary provisions for protection against its

fire were rendered useless. Forts that were
considered strong twenty years ago would
crumble under the shock of modern projec-

tiles, and in some cases would be even too

weak to support the guns while they were
fired. That service which the new artillery

affected most palpable was the Navy, and
the Navy accordingly took the initiative in

introducing means calculated to resist the

penetration of .the new and terrible projec-

tiles. Every one is more or less convers-

ant with the process that has been going on

of covering ships' sides with iron, which has

increased in thickness till it really looks as

if the process at last would only be limited

by a ship's power of flotation. Warships,

however, not only protect their sides against

shot, but they also carry the heaviest artil-

lery on their decks. This fact could not be

overlooked by those who had to construct

coast defenses, as well as other works
against which modern heavy artillery might

be used.

I shall not enter into details regarding

the successive steps which were taken in

England in this direction, as I understand

Colonel Jervoise has already done so in this

Institution. It is enough to state that great

engineering skill has been exercised, and
unwearied efforts have been made to meet
the new conditions. That skill and these

efforts have, with the experiments at Shoe-

buryness, given us defensive iron structures

which are marvels of strength and ingenuity.

Unfortunately they are also marvels of cost-

liness ,• and there is room to hope that their

use will therefore be generally confined to

such positions on land as can only' be pro-

tected by such iron structures. This hope
is founded on another system, with which my
name is connected, and which I am here to

explain. Before doing so I shall point out

the dilemma which left military engineers

no alternative, and which compelled them to

give up in succession the use of earth, con-

crete, granite, etc., and at last to resort to

the most expensive, but the strongest, mate-

rial

—

iron.

There are two considerations always to be

taken into account in providing the means
of using artillery : the one is to place the

gun so as to be most formidable to the

enemy, and the other is to place it at the

same time under as much cover as possible,

so that it is not liable to be disabled, nor

are the men serving it liable to be destroy-

ed by hostile fire. These two conditions

interfere with one another; that is to say,

whatever has hitherto been gained in one

direction has been lost in the other. Guns,

en barbette, lack protection
;
guns in embra-

sures or in casemates sacrifice, on the other

hand, free lateral range, and it is more diffi-

cult in their case to see the enemy, and
therefore to lay the guns in action. The
difficulty that presented itself with the in-

troduction of late improvements in artillery

was simply that the increased precision and
range, coupled with great improvements in

the manufacture of large shells and also in

small arms, rendered barbette batteries too

exposed to be relied on. At the same time

the tremendous penetration and precision

of the new artillery rendered the ordinary

parapet and embrasures useless. What was

to be done under these circumstances ? Pro-

tection from direct fire must be got at any

price. The first impulse would be to thick-

en the parapet. This could not, however,

be done, as the necessary angle in the

cheeks of the embrasures required for train-

ing the guns opens, up a wider aperture, in

direct proportion to the thickness of the

parapet, making the maximum thickness in

practice 80 ft. But shot have been known
to penetrate more than 30 ft. into the earth

;

and the most important part of the parapet,

viz : that near the guns, must always be

thin and weak, whatever may be the thick-

ness of the rest. Shells, striking this part,
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would just meet sufficient resistance to burst

them, and would make havoc among the

men. Next, granite masonry was thought

of; but it proved in some respects worse
than earth, and was found practically bad;
there was no alternative but to go to iron.

This conclusion was reluctantly arrived at,

and reluctantly it was acted on.

The decisions of committees which in-

vestigated all the bearings of the question,

the opinions of professional men and the ex-

periences of the American war, all coincided,

and accordingly our important coast-works

were designed to receive iron shields, case-

mates and cupolas. Vital positions in Eng-
land, such as dockyards and arsenals, must
be fortified. It would be false economy, in-

deed, to use any method of fortification that

experience has proved to be insufficient. No
savings could justify the erection of works
that might prove at once the tomb of their

defenders and perhaps of the nation's honor.

Therefore the only proper decision was to

take that means to meet the difficulty which
was at the time considered best and safest.

Expense was properly a consideration very

secondary in importance to efficiency.

I shall now endeavor to point out the

difficulty of the task which lay before the

engineer, even after the decision in favor

of iron, from the extraordinary advances,

already spoken of, in artillery. There is

only one morsel of comfort left for those

who have to provide for the requirements

of defense, viz : that a form of artillery fire

of a very galling nature remains exactly as

before, and indeed is not much better, than

it was in the time of Queen Elizabeth.

What is alluded to is vertical or mortar

fire. There is some consolation, too, in the

reflection that the cause of this fire not be-

ing much improved is one to a great extent

likely to be lasting. Rifled mortars would
no doubt lessen deflection to right or left

;

but as long as gunpowder is affected in

strength by the slightest atmospheric or

other influence, and still more certainly as

long as a slight error in elevation at long

ranges will make a large error on the plane

of fire, the comparative inaccuracy of verti-

cal fire must continue. To show how little

can be done in this way compared with the ad-

mirable precision and accuracy of direct

fire, I may state that 100 rounds were fired

one day last season at Shoeburyness at 800
yards range, with a 13-in. mortar, at the

row of experimental casemates, which cover

a good deal of ground. The mortar was laid

with spirit-levels and all the appliances of the

school of gunnery, and yet the 100 rounds
were expended without a single hit. If such
is the case with a steady platform and under
such exceptionably favorable circumstances,

it can easily be seen how uncertain in its

effects would practice be from mortar-boats,

which move with every wave, if directed at

an equally small object. During the eleven

months' siege of Sevastopol the French had
242 mortars engaged, which were them-
selves exposed to vertical fire, and yet not

one of these mortars was disabled. It is in-

deed a strange contrast—that while direct

fire is getting more powerful, more accurate

and more destructive every year, vertical

fire remains much as it was, and can only

be relied on to hit a large object, such as a

fort, a town, or anything that covers a good
deal of ground. Notwithstanding this, it

would be a great mistake to despise it as a

powerful and galling means of attack.

To return to the difficulties of meeting
direct fire in coast defense. It must be

borne in mind that the batteries intended to

engage ships are obliged to meet an enemy
who can move his position to that quarter

where he is least exposed, who can continue

in motion while he is conducting his attack,

and who can seek out the most vulnerable

face of the land-work to operate upon. In
constructing such batteries it is first of all

necessary to make them of sufficient strength

to resist the guns of ships which are the

most powerful that can be made. It is next
required that these batteries should be con-

structed in such a manner that they can
direct their fire with rapidity and precision

in any direction in which the ships can

take up their position. And lastly, it is

required that they should mount guns of

sufficient weight and power to be formidable

to the heaviest iron-clads.

In former times guns en barbette were pre-

ferred for this purpose, because they met
the two first requirements alluded to ; that

is to say, that from not being confined by
embrasures or ports, they were able freely

to follow their floating enemy, whatever
position he might take up ; naval fire at

that time being neither so correct nor so

formidable as to make such batteries unser-

viceable. The case, however, is now com-
pletely changed ; for not only have guns

been improved, but ammunition also, and
heavy shells are most destructive. Rear-
Admiral Porter, of the United States Navy,
in a report on coast defenses, says : " Such



VAN NOSTRAND'S ENGINEERING MAGAZINE. 873

guns, standing so high up, are just the

objects that naval gunners would delight to

explode their shrapnel against, and, from

my experience in naval gunnery, the third

shell would kill every man at the gun."

Von Scheliha, in his treatise on coast de-

fenses, " Guns mounted en barbette may
always be silenced by an iron-clad." This

form of battery, therefore, is disposed of.

We shall now examine the difficulties con-

nected with the other alternatives. Com-
mon masonry batteries have been condemned
as worse than useless, as they would only

make the ship's fire more destructive than

if directed against guns en barbette.

Next comes the expensive alternative

which has been adopted, viz : iron shields,

casemates and turrets. It is most interest-

ing to examine how far this system of iron,

the last alternative left, meets the three re-

quirements of coast defense alluded to, and
to see what very great difficulties had to be

encountered in applying it.

The three requirements are thus recapit-

ulated :—1st. Strength of the battery to

resist naval fire, and give sufficient protec-

tion to the men. 2d. Power of figthing the

guns with accuracy and effect, of following

the enemy with ease as he moves, of being

able to face him on any side from which he

approaches. 3d. Power of using the most
formidable guns to advantage.

The first difficulty was to decide the mat-

ter of strength. Now guns are becoming
more and more weighty and powerful every

day, and therefore the strength required to

resist them is an unknown quantity. An
iron casemate of the present proposed

strength costs, according to official returns,

with all the battery adjuncts except the gun
and carriage, about £5,000 or £6,000 for

each gun. A 2-gun turret, about £25,000
or £30,000.* If guns of 50 tons are intro-

duced in ships, as is proposed, these defenses

are at once quite inefficient, and it is not

known how strong or how expensive should

be the iron works to replace them. Such
questions must be very embarrassing indeed

to those who have to decide these matters.

.Besides protecting the gun and carriage

from the enemy's shot, protection must also

be given to the men. This is the most seri-

ous of all considerations in coast defense,

* The price of a permanent Moncrieff battery, with
magazines, etc., including the extra expense of car-

riages, is from £1,100 to £1,500 for each gun; an
iron shield battery, from £1,800 to £2,000 per gun;
an iron casemate battery, from £5,000 to £6,000 per
gun; a turret, from £12,000 to £15,000 per gun.

for the following reasons : The best experi-

ence we have regarding naval attacks on
land-works is derived from the late American
war, in which a great many actions of that

kind took place. It would be unwise to

ignore this experience, because the increas-

ing power of artillery only gives it more
weight. During the whole of that war very
few guns were destroyed by the naval fire in

earthen batteries. At Fort Wagner, only

three guns were totally dismounted, although

2,864 shot and shell were fired into it in

48 hours, and the bomb-proofs were hit

1,200 times. Seventeen siege mortars, seve-

ral cohorns and thirteen heavy pieces of ar-

tillery were incessantly employed. At Fort
Fisher the bombardment was opened at the

rate of 115 shells per minute, and although

the guns were mounted en barbette, only two
of them were dismounted when the place

fell. At Fort Powell a tremendous bom-
bardment from mortar and gunboats (the

most accurate firing being from 15-in. mor-
tars) was maintained from 22d of February
till 2d of March, and not a single gun was
dismounted. The success of the ships over

the forts was gained by demolishing the

works, and still oftener by making the ser-

vice of the guns so dangerous that the men
could not work them.

Rear-Admiral Porter, U. S. Navy, in his

report on coast defense, states :
" The new

fashioned casemates turned out to be no
better than the guns en barbette. They
were perfect slaughter-houses, and were piled

up with dead and wounded. Every shell

that went through the port-holes killed and
wounded every man in the close casemate.

This proved to me most satisfactorily that

guns in casemates were no better protected

from shells than those en barbette"

With such evidence as this before them,

from men who were conversant with all the

events of that great war, it was indeed a

serious question to decide what was to be

done. I myself cannot see how men in an iron

casemate are as much exposed as in a bar-

bette battery ; but there is no doubt that

if the port of the strongest casemate was as

large as those referred to by Admiral Por-

ter, it would be open in the same circum-

stances to the same dangers, as the damage
was done by entrance of shell through the

port. The protection a casemate would
afford from vertical fire in such a case would
be but a poor advantage if more correct and
more deadly weapons than the mediaeval

mortar could still search out at times the
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exposed point of a casemate and kill every

man inside. The next requirements in a

coast battery, viz : to be able to follow an

enemy amidst clouds of smoke, and to lay

the guns on him with precision and dispatch,

formed a more embarrassing difficulty still.

On the one hand, the ports must be con-

structed for muzzle-pivoters to give protec-

tion. On the other hand, if they are made
so small it is difficult to see through them,

to fire correctly and quickly at different

elevations and on different sides on a mov-
ing enemy. The battery is in the position

of a knight, who must either expose his

vitals to his enemy's lance or put on an

armor that paralyzes his sword arm. There

is as much protection in the power of being

able to strike as there is in being able to

guard. As naval actions are likely to be

short and decisive, it must have appeared

extremely doubtful whether it was worth

purchasing increased safety at the expense

of losing the attacking power. The last

of the three requirements in coast defense

stated was the necessity of using the most

powerful canon. This did not present the

same difficulty as the other two, because thu

designers of our defenses had been present-

ed by my friend Captain Coles with the

means of mounting the heaviest guns to fire

in any required direction. When very large

and valuable guns are used, it is not advis-

able to cramp their action and restrict it to

a small area. The turret was therefore pre-

ferred to the casemate when lateral range

was required; and though apparently very

expensive, it was in reality cheaper than

casemates, because, although the mounting
of guns in this manner cost more, they were

enabled to do much more work, and there

was thus an economy both of guns and
men.

Having thus far endeavored to describe

the extraordinary difficulties which the new
improvements in artillery inevitably en-

tailed on the engineers, I shall now direct

your attention for a short time to the diffi-

culties in which the same improvements in-

volved the artillerymen themselves. These
difficulties, though not quite so important as

the engineering ones, were very serious in-

deed, and had not yet been quite overcome.

They consisted chiefly in the difficulty of

making carriages and platforms strong

enough for the new and powerful rifled guns.

These pieces burnt enormous charges of pow-
der, and hurled bolts as heavy as an old field

piece at 1,000 ft. a second. The recoil of

such guns represents a violence of force the

like of which man has never had to deal

with before. Imaging 12, 18, or 25 tons

of compact iron started in au instant into

rapid motion with a violence that mocks the

blow of a steam-hammer. This force has to

be controlled and restrained. It is no won-
der then that, when met directly and stopped

by friction, as is now done in the ordinary

system, the difficulties are enormous. The
horizontal strain on the platforms, pivots

and racers, is so great that it has not yet

been quite successfully met ; constant

changes and inventions are being made to

render this force more harmless.

I hope I have now conveyed to your
minds some idea of the embarrassment and
difficulties which have fallen upon both the

artillery and engineers by the rapid im-

provement of these formidable engines of

war, and of the persistent, able struggle

which both have maintained to meet di-

rectly the terrible forces with which they

have to contend. They have both succeeded

to a wonderful extent, but their success is

blighted by that curse of the science they

practice—the law that up to this time has

existed—viz : that what was gained in pro-

tection was lost in efficiency, and the con-

verse. Happily, I had the good fortune to

conceive and develop an idea which abro-

gates this law. The very force, the exist-

ence of which has been so great a difficulty

in the artilley question, has been compelled

to perform a service that at once sweeps out

of existence a great many of those other

difficulties that embarrassed fortification.

When two evils co-exist, it is sometimes

good policy to make them destroy each

other.

I shall now refer shortly to the train of

ideas that led me to think of solving this

important problem in quite a different man-
ner from that in which it had been attempt-

ed, which had led to the adoption of a most

expensive class of works. My solution gives

a system capable of mounting the heaviest

artillery, while it simplifies the vexed ques-

tion of fortification. It gives protection

without the expense of using iron, and free

lateral range to the guns without exposure.

The system is indeed a simple one ; it does

not require either brute strength or heavy
expenditure for its application ; nor does it

need mighty forges to weld iron walls to

protect our guns and gunners ; it only calls

to our aid the simplest and most docile

forces of nature. Instead of trying to meet
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force by force, I make my guns bow to the

inevitable conditions which science has im-

posed ; and instead of wasting energy, money
and skill in attempts to raise a buttress

against the new artillery, I employ the

hitherto destructive force of recoil to lower

the gun below the natural surface of the

ground, where it can be loaded and worked
in security and in comfort ; and at the same
time, I have made that destructive force so

much my servant that I compel it at my pleas-

ure to raise the gun again into the fighting

position whenever it is required. In 1855,
while watching the interesting operations

before Sebastopol, and endeavoring, as well

as I could, to understand the conditions

under which the siege artillery was used, I

conceived the idea which is now realized.

It was then that I saw the value of earth

and the importance of simple expedients.

It was plain that the weak point of a bat-

tery was the embrasure, which formed a

mark to fire at, an opening to admit the

enemy's shot, and required constant repair

even from the effects of its own gun, which
in firing injured the revetments of the

cheeks. I also came to the conclusion in

my own mind that a remedy for some of

these defects could be devised. Afterwards
I worked at various plans, of which sketches

were made, or models; but each design had
defects which discovered themselves to me
as my experience increased. The real diffi-

culty of the thing arose from the necessity

of providing for the enormous strain of the

recoil. These early designs, which were
sometimes excellent in other respects, broke
down at this difficulty, and although some
of them no doubt would answer with small

guns, they were not calculated to meet the

tremendous recoil of large rifled pieces.

At last I hit on a simple principle that

would meet this difficulty to advantage—the

interposition of a moving fulcrum between
the gun and platform. Then I knew that

the problem could be solved ; and feeling

the great importance of the subject, I re-

solved to devote my efforts to working it

out completely. While directing my atten-

tion to this simple and then apparently ob-

scure matter, I was, as you may imagine,
neither an idle nor disinterested watcher of

the progress of artillery. Every step in

advance was riveting the . certainty in my
mind that the system would one day be re-

quired, and with this conviction I refused
to allow either discouragement or delay to

make me desist, I shall now endeavor to

explain shortly the system which bears my
name, as far as it relates to coast defense.

It consists of three parts : 1st. The me-
chanical principle of the gun carriages.

2d. The form internal and external of the

batteries. 3d. The selection of ground for

placing the batteries, and the arrangement
for working them to the greatest effect ; or,

in other words, the tactics of defense for

positions where the system is employed.
The principle on which the carriage is con-

structed is the first and most important part

of the new system, because on it depends
the possibility of applying the other parts.

This principle may be shortly stated as that

of utilizing the force of the recoil in order

to lower the whole gun below the level

of the crest of the parapet, so that it can be
loaded out of sight and out of exposure,

while retaining enough of the force above
referred to bring the gun up again into the

firing or fighting position. This principle

belongs to all the carriages; but the forms

of these carriages, as well as the method in

which this principle is applied, vary in each

case. For instance, in siege-guns, where
weight is an element of importance, the re-

coil is not met by counterpoise. With
heavy garrison guns, on the other hand,

which when once mounted remain perma-
nent in their positions, there is no objection

to weight. In that case, therefore, the

force of gravity is used to stop the recoil,

because it is a force always the same, easily

managed and not likely to go wrong; and
as these carriages are employed for the

most powerful guns, it is a great advantage

to have the most simple means of working
them.

It has been already mentioned that the

principal difficulty arose from the enormous
and hitherto destructive force of the recoil

of powerful guns ; and here I shall point out

the manner in which that difficulty is over-

come. That part of the carriage which is

called the elevator may be spoken of and
treated as a lever; this lever has the gun-

carriage axle at the end of the power-arm,

and the center of gravity of the counter

weight at the end of the weight-arm, there

being between them a moving fulcrum.

When the gun is in firing position, the ful-

crum on which this lever rests is almost

coincident with the center of gravity of the

counter-weight, and when the gun is fired

the elevators roll on the platform, and con-

sequently the fulcrum, or point of support,

travels away from the end of the weight-arm
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towards the end of the power-arm; or in

other words, it passes from the counter-

weight towards the gun. Notice the im-

portant result of this arrangement. When
the gun is fired its axle passes backwards on

the upper or flat part of a cycloid. It is free

to recoil, and no strain is put upon any part

of the structure, because the counter-weight

commences its motion at a very low velo-

city. As the recoil goes on, however, the

case changes completely, for the moving
fulcrum travels towards the gun, making
the weight-arm longer and longer every inch

it travels. Thus the resistance to the re-

coil, least at first, goes on in an increasing

progression as the gun descends, and at the

end of the recoil it is seized by a self-acting

pawl or clutch. The recoil takes place

without any jar, without any sudden strain,

and its force is retained under the control

of the detachment to bring up the gun to

the firing position at any moment they may
choose to release it. The recoil, moreover,

however violent at first, does not put injuri-

ous horizontal strain on the platform. In

my experiments at Edinburgh with a 32-

pounder, I found that so slight was the

vibration on the platform caused by firing

that the common rails on which the eleva-

tors rolled in that experiment, and which
were only secured in the slightest manner,

did not move from their position, nor even

when heavy charges or double shot were
used, did sand and dust fall off their curved

tops.

At a still earlier experiment made with a

model of a 95-cwt. gun, the model was fired

on the ice with excessive charges, and nev-

ertheless remained stationary. This valua-

ble concomitant of the system cannot be

appreciated fully without referring to the

difficulties that have been experienced, and

are now felt, in getting pivots, platforms,

etc., on the ordinary system, strong enough

to mount the new artillery, where the recoil

is stopped by friction applied directly by
means of what are technically called com-

pressors attached to the platform.

I shall not detain you by detailing these

circumstances, but will only state that the

first two 12-ton guns on ordinary carriages

that were fired in casemates were both hors

de combat the first shot. The accident re-

ferred to was serious, because it might
occur in action, and in that event would
disable the gun, pro tempore, as completely

as if it had been dismounted by a shot.

Some credit may be claimed for the new

system, on the ground that it provided a
carriage for a heavy piece of artillery on an
entirely new principle, in which not a single

part was copied from anything that had
been formerly used, dealing with new con-

ditions and performing the functions that no
other carriage had done, and yet this new
carriage (the first complete one of its kind)

has now fired two hundred rounds. This
practice has been carried on with only a few
accidents which pointed to defects in the

gearing, which were easily remedied. By
treating this violent force in the manner
above described, a good deal of the strength

that is required in other systems becomes
unnecessary. It will be observed that the

interior slope of the parapet gives the most
complete protection to the men, especially

when the dome form is adopted.

Up to the present time the new system
has only been considered as an improve-

ment, aud its value has only been estimated

as an adaptation to existing forts, and there

are no proposals for applying it per se. I

am extremely anxious to impress on you
and on my countrymen that its full value

cannot be seen in this manner, and that

it suffers injustice by being thus treated.

I trust its proper use will be fully discover-

ered before the inevitable lesson is dictated

by war, and that it will be applied in works
expressly designed for it, and not merely
adapted to its use.

The third part of this system consists in

its application to given positions and dispo-

sition of the batteries, and methods of work-

ing them in concert with and in support of

each other. If I might be excused for using

the paradox, this system of coast defense

consists in the absence of any defined sys-

tem; that is to say, instead of making
large regular forts, and forcing surrounding

circumstances into harmony with them,

every accident of the ground in this case

will be seized, where available, and small

batteries, consisting of a few guns or of one

powerful gun, laid down so as not to take

away the natural aspect of the position.

These batteries would be well retired from

the channel, and placed so as to support

each other in case of attack, and should,

when circumstances permit, afford flank de-

fense to each other, in conjunction with

obstacles to the approach of the enemy.

In connection with these gun carriages are

some improvements of minor importance,

such as trunnion pointers, reflecting sights,

graduated races, and so on, which it would
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be out of place to discuss at present, but

which contribute to the efficiency and com-
pleteness of the system, and are more or less

required for carrying it out as a consisent

whole for coast defense.

The second part of the system, viz : the

profile of the batteries, is of the highest im-

portance, because unless it is attended to

great advantages are lost. This, unfortu-

nately, makes the system extremly difficult

of adaptation to existing works. In order

to get the full advantage of it, no exterior

slope of parapet should be exposed to the

view of the enemy. This prevents him
from being able to tell whether the fire be
correct or wasted, and affords no means to

him of correcting error. The battery, in

fact, is masked ; so that at some distance

away, a moving ship would have considera-

ble difficulty in laying her guns on one bat-

tery, and still more difficulty if there were
several batteries judiciously placed for the

purpose of deceiving the eye. It can easily

be understood that the slighest error in

elevation would either carry the shot harm-
lessly over the battery, or else cause it to

ricochet off the glacis or superior slope. In
fact, when the gun is down the enemy has

nothing to aim at but an undefined hori-

zontal line.

It is proposed to employ the Moncrieff

batteries in connection with strongholds for

infantry and light artillery, commanding,
if possible, the sea batteries, so as to make
them untenable by an enemy, and so placed

as to be in the best position for a reserve,

ready to support any point attacked ; the

whole connected with good and sheltered

roads. In stopping the passage of a navi-

gable river or channel, for instance, the

guns, instead of being massed, would be

scattered round the points where marine

obstructions were placed. These guns would
be disposed in such a manner as to retain

as much as possible for the defense the ad-

vantages of a free lateral rar>ge, converging

fire and different amounts of command. In
other words, the method consists in placing

in position the heaviest and most powerful

artillery to the greatest advantage, making
that the first consideration, and afterwards

protecting the batteries, by separate and
distinct arrangements easily devised by offi-

cers on the spot, against assault by any
force that ships might land for that purpose

When an object is to be obtained, I prefer to

grapple with the most difficult and import

ant part of it first, do that well, and meet
the other requirements afterwards, with as

little loss of efficiency as possible.

Barbette.

[o )gS)

Sketch showing in section specimens of Jive methods of mounting heavy Coast Jlrtillery.

The first object of coast

defense is to meet and de-

feat the attack of powerful

ships ; the next is to pro-

tect the shore batteries

against landing parties.

It must not, however, be
forgotten that there are

positions of such impor-

tance that they might be

attacked by an army on

land. Such positions must
either be defended by an-

other army placed in a fa-

vorable position by such

arrangements as those

above referred to, or else

by regular and complete

earthworks thrown up in

time of danger, which

would enable a still small-

er garrison to resist any-

thing but regular ap-

proaches. There are, how-
ever, few coast positions

of such importance as to

"Shield.



878 VAN NOSTRAND'S ENGINEERING MAGAZINE.

MONCRIEFF.

Ikon Casemate.

draw the attack of a whole
army ; and such positions,

as a rule, are now provi-

ded with regular works of

a very high order; where-
as there are many posi-

tions exposed to a naval
attack, such as our large

mercantile ports, etc.

—

They are almost invaria-

bly centers of population,

which require only field-

works and good small

arms (which are now more
powerful than ever) to

repel the most determined
attacks of any numbers
that war ships could land.

I believe many of the pre-

sent coast works are de-

fensible only against a coup

de main. Wherever land

attack is of more import-

ance than naval, the cha-

racter and efficiency of sea

batteries must give pre-

cedence to those consid-

erations which provide

against assault. On the

best provisions for meet-
ing this I do not pretend

to give an opinion. In
such cases, the possibility

of attack by both direct

and vertical fire must be
kept in view. Where my
system is employed for

arming such works, one

or two precautions would

|||||||p increase the power of re-

sistance. 1st. The large

guns for operating against

ships, with traverses and
parados to each, should be

kept as far apart as space

will admit. 2d. Ample
and thoroughly complete

bomb-proof cover for the

whole garrison should, if

possible, be supplied in the

middle of the work, with
arrangement for interior

defense(not barracks, but

places for emergency) tho-

roughly secure from verti-

cal fire—good and healthy

barracks for the men being
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made independent of the works, and by

preference kept out of the way. 3d. How-
itzers and light artillery ought to be kept

in reserve, in bomb-proofs constructed for

the purpose, and (with the new system this

can easily be done) also with the means of

changing these to any required face.

The dispositions of defensive batteries,

such as those I have very imperfectly at-

tempted to describe, would not be complete

without good arrangements for internal

communications, not only by roads, but by

telegraph, with a clearly laid down and

simple method of working them ; that is,

not liable easily to go wrong nor to lead to

mistakes, and which would not require very

high skill. Such arrangements would in-

crease the power of the defense, and indeed

would be necessary with the detached sys-

tem. I have accordingly given them some

attention, and designed a general plan of

laying off the ranges and working the tele-

graphs, which will make it possible to sup-

ply simultaneous information. The system

I refer to (which has been submitted to the

Director-G-eneral of Ordnance) would apply

to any position, but its particular applica-

tion would vary in each case. It is ex-

tremely simple. One part of it depends on

electrical instruments which I have invented

for the purpose, and which, without either

calculations or experience, give the range

and positions of an indicated ship at every

gun in the position.

Another part of it enables the officer di-

recting the defense to deliver in one instant,

by the touch of his finger, a converging vol-

ley from one or both sides of a channel on a

vessel sailing past. The possibility of de-

livering correct fire in this manner on a

moving object, without aiming, and by an

officer not even in the battery, was illus-

trated in one of my experiments with the

7-ton gun carriage at Shoeburyness; and I

trust I may be given some day a chance of

showing to what perfection this system can

be carried. Methods of determining the

distance of vessels from batteries are prac-

ticed here and in some continental coun-

tries. My method is designed to be quicker,

simpler, and therefore more effective. It is

adapted to work in conjunction with the ar-

rangements for sub-marine mines. That
part of it which gives the required informa-

tion for sighting the guns is of so simple a

character that the most uneducated gunner
cannot make a mistake in its application.

There are many other features of the sys-

tem besides those I have particularly referred

to which I shall not now discuss ; each re-

quires different treatment. Among these

there are methods of mounting guns in ships,

floating batteries, Moncrieff carriages for

heavy guns of position, adapted for locomo-
tion, for coast defense and for siege carriages.

,4 merican Locomotive Boilers.—It

XX is impossible for an English engineer to

read the records of American boiler explo-

sions without being struck by the very large

number of failures of locomotive boilers

which occur annually on the other side of

the Atlantic. In this respect the American
records form a strong contrast to those of

explosions in this country. Here the num-
ber of locomotive boiler explosions seldom
exceeds three or four per annum, and con-

sidering the large number of locomotives
now at work in the United Kingdom, loco-

motive boilers may be said to possess a

greater immunity from explosion than al-

most any other class. To a great extent
this is, no doubt, due to the fact that loco-

motive boilers are, almost always, worked
under skilled superintendence, and subject

to frequent inspection ; but it is also due to

their being, with but few exceptions, well

constructed in the first instance, and prop-

erly proportioned for the work they have to

perform. In America, locomotive boilers,

although under quite as skilled superinten-

dence as our own, are yet more liable to ex-

plosion from the fact of their having gene-

rally less superfluous sti-ength when new
than would be considered necessary by our
railway engineers. American locomotive

superintendents use r
5
s in. and § in. plates,

where we should use T
7
F in. or -^ in. ; and

notwithstanding the high pressures used,

double riveting is still the exception rather

than the rule. The consequence of all this

is that in a list, now before us, of 94 boiler

explosions which occurred in the United
States during 1868, no less than 23 explo-

sions of locomotive boilers are recorded,

these explosions thus amounting to over 25
per cent of the whole; while from another

record of the explosions which took place in

the month of May last, we find that during

that month four locomotives exploded on
different American lines. These are facts

which demand the serious consideration of

American locomotive engineers, and we trust

that in the records of future years we may
find evidence that the lessons which they teach

have not been disregarded.

—

Engineering.
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Station Roofs.—The large number of

the members of the Institution of Civil

Engineers will recollect the interest with

which Mr. J. W. Barry's paper on " The
City Terminus Extension of the Charing-

cross Railway " was received at one of the

meetings in the spring of last year. The
paper and the discussion upon it has lately

been issued to the members, and its re-ap-

pearance, in printed form, will revive, to

some extent, the arguments advanced at the

time referred to. A certain number of the

speakers made common cause against roofs

of large span, upon the sole ground of their

cost, an objection equally applicable to the

dome of St. Paul's, or the grand facade of

the Tlapdevog—the vestal temple of the god-

dess of Engineering, engineering being un-

derstood in its true Minervian sense of wis-

dom, war, and the liberal arts. Considered

as a roof merely, a roof of great span costs

more than a series of roofs of smaller span

covering the same area. But, taking the

roof as a part of a costly building, the dif-

ference of cost between a roof 200 or 800 ft.

span, and two or three roofs of, respectively,

one-half or one-third the span, is relatively

small. The weight and cost of the princi-

pals alone rise in proportion of the square

of the span, being, say, twice as much for a

single span of 250 ft. as for two of 125 ft.

The roofing or covering is of the same weight

and cost, no matter what the span. In sta-

tion roofs of from 212 ft. to 240 ft. span,

the weight of the principals varies from one

ton to one and a half tons only per running-

foot of the length of the building, so that in

a roof even 800 ft. long, the saving by mak-
ing two spans of 120 ft. instead of one of

240 ft. would not amount to more than the

saving of from 400 to 600 tons in the prin-

cipals, with the expense, on the other hand,

of say, 150 tons of cast iron in forty inter-

mediate supporting columns. The narrower

spans are in any case the cheaper, but the

utmost cheapness is not a sine qua non in

buildings of a monumental character. Few
genuine engineers, loving their profession

for its own sake, would argue the contrary.

Indeed, in the very discussion to which we
refer, the arguments to the contrary came
from a somewhat unfortunate contractor, and
from the engineer of a non-dividend paying

railway ; an engineer who, having by his

writings set up some pretensions to authority

upon station construction and station archi-

tecture, has nevertheless given to the me-
tropolis one of the ugliest works of its kind

of which London has to be ashamed. Al-
though, at present, works of associated pri-

vate enterprise, railways are really as much
public works as are the Government offices

themselves, and, as public works, something

beyond bare convenience is to be considered

in railway-station architecture. The pre-

tense that railway stations are unworthy of

architectural treatment—a pretense often

advanced—is in itself unworthy of our pro-

fession, unworthy of railway enterprise, and
unworthy of public taste. And it is out of

the question that a series of low, narrow-

span sheds, such as might be run up for a

manufactory or a warehouse, can be con-

sidered as an architectural work. In sta-

tions of which the total cost, apart from land

and compensation, is from £150,000 to

£230,000, and where architectural effect is

almost incumbent upon the engineer, the

difference of from £3,000 to £4,000 in the

cost of the roof, representing an interest

charge of from £150 to £200 per annum, is

not a subject for very grave discussion.

Where from five to ten million passengers

pass through such a station yearly, the cost

to each passenger, at each journey, is but

from, say, the yf^th to the g-troth part of a

penny, or a penny for every 150 to 200 jour-

neys, short or long, say a penny every three

months for the season ticket holder entering

and leaving the station daily six times a

week. A daily traffic of from 20,000 to

40,000 passengers, half in each direction, is

nothing very remarkable "in and out " of a

great Metropolitan station. The cheese-

paring engineers, of whom there are a good

number, may, possibly, in view of such

easily established facts, condescend to admit

that considerations of grandeur and general

effect, attended also with greater conven-

ience, comfort and safety, should be allowed

to have some weight in station design.

—

Engineering.

Turbine Tests.—Frequent inquiries are

made for full and trustworthy data re-

garding the economy of turbine wheels, es-

pecially the new wheels so vigorously advo-

cated of late. Some of these have merit we
believe, but the public require better proof

than interested statements. A commission
of engineers, whose ability and character are

above suspicion, should be asked to under-

take tests at the joint expense of the wheel
makers. Such a trial would be exhaustive and
convincing, and moreover it would greatly

stimulate the turbine wheel trade.



VAN NOSTRAND'S ENGINEERING MAGAZINE. 881

SEWAGE CARRIED BY WATER.
From "The Artizan."

The transporting power of water, when
conveying sewage, is becoming a subject of

very great importance, as both the fertility

of the soil and the sanitary state of our large

cities are affected by it. It is now pretty

generally admitted, that plants can best

absorb nourishment from the soil when the

soil receives the manure in a liquid form

;

but it also would appear that vegetables do

not thrive so well when the water is very

highly loaded with sewage.

There would, therefore, seem to be some
certain proportion of water and sewage best

adapted for the soil to absorb and again to

give it off to the plants ; and possibly this

very proportion is also the best when water

is the medium by which the sewage is trans-

ported, while at the same time it may be

found that a city requires just this quantity

of water to insure proper sanitary measures

being carried out.

It is self-evident that the refuse of our

cities could not be made to flow without

water—be the slope or head of pressure ever

so great ; and also that pure water will flow

with almost an imperceptible slope, but

under such circumstances this pure water

could not hold in suspension any foreign

matter. Again, as it is necessary that sew-

age should be conveyed under ground for

sanitary reasons, and that to utilize this

sewage for irrigation it will require, under

most circumstances, to be again pumped up,

the question is, what is the velocity, in

other words, the slope or head of pressure

that should be _given, which will require the

least power to be expended in pumping ?

If too little water be used, we must in-

crease the fall, while too much of it involves

needless pumping. It is, therefore, quite

possible that it may be discovered that the

proper liquification of sewage, so as to have

the least expenditure in pumping, may be

also the very same proportion per head re-

quired by our cities for sanitary purposes,

as well as the very best proportion for agri-

culture.

The question, though very complicated,

is one of great interest ; and its importance

is becoming more and more evident. That
the soil can, when irrigated by sewage wa-
ter, absorb the foreign matter, and give it

out again in the best possible state for the

growth of plants, is admitted, while the

water being relieved of this matter, sinks

Vol. I.—No. 10.—58.

into the ground below in almost a pure state ;

so this very water, which has been taken

from a river high up in its course, can be

made to supply our cities ; then convey

away the refuse, distribute it over the fields,

adding to their fertility, and again return

to the parent stream through the under-

ground springs in a state to aid rather than

injure navigation, for it brings no foreign

matter along with it.

According to Beardmore, a bottom velo-

city of 40 ft. a minute will sweep along

coarse sand, and 60 ft. fine gravel, but this

is with pure water not already loaded with

solid matter. What may be the necessary

velocities with various loads of solid matter

held in suspension, are questions yet to be

determined by experiment. So as water

holding sewage matter in suspension must
be affected by the load it has to carry, tho

velocity requisite for sweeping along coarse

sand under such circumstances, must be

much greater than if only pure water wa3
the disturbing medium.

For the sake of argument, suppose that a

mean velocity of 1 ft. per second is the

necessary velocity in a closed pipe, the ques-

tion is, what is the size of pipe required to

convey away the sewage of a given number
of inhabitants ?

Let this number be 100, and that two

cubic feet of water (rather over 12 gallons)

is the water supply for each man, woman,
and child, during the 24 hours.

Now, as eight out of the 24 hours is re-

quired for sleep, there remains only 16

hours of the day that the greater portion of

the sewage is supplied, and during certain

hours of the day there must be a greater

discharge than at others ; allow one-fourth

more to be deducted to admit of the maxi-

mum discharge, or in all only 12 hours.

The rate of discharge per second would

therefore be

, ,

100 £ 2
on = -048 CUDic feet

>

12 X 60 X 60

or 82.944 cubic inches, which it is supposed

requires a mean velocity of a foot a second,

is 12 inches; so H^M = 6.912 sqr.that
12

inches is the sectional area required for a

pipe to discharge the sewage for 100 inhab-

itants ; or a three-inch pipe is sufficient to

pass off this maximum discharge of sewage

of 100 men, women, and children.

Again, suppose that the ground is such

that there is no available fall along the line
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this sewage has to be discharged, and the

length of pipe is 500 yards, the question is

how to obtain the velocity of o ie foot a

second ?

Adhering to Beardmore's tables, the dis-

charge being .048 feet a second, or 2.880

ft. a minute, distance J,500 ft., and diame-

ter of pipe 3 in., there is

1,500m — 2 1-— z
-2

That is, with 2-^ ft. head of water and a

three-inch pipe (which is 500 yards long),

in 12 hours this pipe could discharge the

sewage of 100 inhabitants, but if the head

of water was raised to 10 ft., this same pipe

could discharge more than four times as

much.
The question is, how is this fall to be ob-

tained on perfectly level ground ? and the

answer is, by pumping ; but it is obvious

that all the water does not require to be

pumped, but only a small portion of it, by
simply having all the water-closets in a

house above the level of 10 ft. ; and what-

ever water may be used in the kitchen or

ground floor only, can be pumped up to the

required level, a work that would hardly

occupy the kitchen servants above a quarter

of an hour daily. There will also be this

advantage, that, having to pump up all the

dirty water in the sink or cesspool, no bulky

matter could find its way up the pump, but

would have to be removed by hand to the

ash-pit, to be carted away in a dry state

;

thus there could be no danger of the sewage

pipes ever being blocked up by solid matter.

Mr. Chadwick, in his report on the Paris

Exhibition on dwellings for the working
classes, has drawn attention to a number of

most important sanitary questions, of which
the above is one of them, and at page 76 of

this able report points out, that fresh sewage

that has not undergone the process of de-

composition is not only more valuable in its

fructifying power in the proportion of one to

three ; but, instead of killing fish when it

escapes fresh into a river, the fish come and
feed on it. So the question is, why is it

that there has been so great an outcry about

the evil effects of the sewage of our cities ?

The reply is, that it is from a want of a

proper knowledge of the abrading and trans-

porting power of water, and to prove this,

one example will be sufficient. At a well-

known watering-place on the west coast of

England, the local board of health are at

present constructing a culvert to convey
away the drainage and sewage of a portion

of the town. The land is nearly level, so

there is no great outfall that the sewage and
drainage can flow off quickly by its own
gravity. To provide, therefore, for this

want of natural fall, the channel along which
the sewage and drainage is to escape is

made large, the culverts being 2 ft. by l-£

ft., of egg-shaped section. The houses for

which this sewer is being built are twelve

in number, containing something rath ir

under 100 inhabitants, and this drain is 500
yards in length, which will cost somewhere
about one pound sterling per running yard,

which, at five per cent, is an annual tax of

rather over £2 a house.

Now the first mistake made in this town,

we are of opinion, is combining the storm

with .the sewage drainage ; for the former

could, with impunity, be permitted to drain

into the sea ; but this mistake probably
arises from a want of a proper knowledge
of the abrading and transporting power of

water, for if the storm drainage has already

got its proper load of solid matter, where
probably the slopes over the surface are

much greater than within the culverts, it is

evident that the highly charged storm wa-
ter • cannot aid in scouring out any prior

deposit, but will rather add to it. Conse-

quently, the admission of this storm drain-

age rather tends to block up the culvert

sewers instead of keeping them clear, so

there can be nothing gained by having large

sewers to convey away the storm drainage

also.

It has been said that the sewer now being

built has a section of 2 ft. by 1^ it., but

taking the nearest size to this, 2 ft. by 1|
ft., given in Beardmore's tables, where there

is a fall of 2 ft. in the mile, with a depth

of 12 in. of water in the culvert, we only

get a velocity of 59.9 ft. a minute, or what

we started with, as required to move along

sand by sewage water ; but we also find that

to give this depth of water, the discharge

requires to be no less than 52 ft. a minute,

or eighteen times more than the sewage of

one hundred inhabitants, while with any

decreased velocity it is supposed sand can-

not be transported. The natural conse-

quence is, therefore, that the sewer must
get filled up, till it has reduced the opening

to such an area that the velocity acquired

by having to pass through such a small

opening, can enable the water to sweep along

sand, or, in other words, the culvert sewer
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gets filled up with decomposed putrid sew-

age, that poisons the air, earth, and water,

while for some one-tenth of the cost proba-

bly, a proper system of sewage pipes could

be laid down, so that even a new set of

pipes could be laid down every other year

at no greater cost than the interest on capi-

tal laid out on the culvert sewer.

By this head of pressure system also, it is

evident that for irrigation purposes there

would be little trouble in spreading the

sewage over the lands, while by the increas-

ed velocity the land would receive it in a

fresh state, and thus the greatest benefits to

the soil would be secured without any dete-

riorating eifect on the health of the inhabit-

ants, and all at what cost? Merely that

the kitchen servants, for a quarter of an
hour or so daily, would have to pump up the

water in the cesspool to a higher level of

some ten feet or so above the sewage-pipe

outfall, and thus all these ingenious methods
of separating all sorts of rubbish would not

be necessary, for they could not be pumped
up from the sink, so that only paper in a

state of pulp could pass down the pipes.

The servants might at first object, but not

where sewage arrangements are introduced

for the first time, and once the advantage
of this system were proved, all objections

would soon disappear.

THE ALLOYS OF ALUMINUM WITH
COPPER.

From the "American Horological Journal."

When Sir Humphrey Davy announced
the fact that soda, lime, potash, magnesia,

and the other alkalies were but oxides of a

metallic base, it would have been deemed
chimerical to have supposed that the dis-

coveries he made by the expensive aid of

the battery would at later date become of

really commercial value. He did obtain

both sodium and potassium in the metallic

state. The substances in this form were
new to the chemical world, still more strange

to the popular. So new was it to the chem-
ists that, on a globule of the reduced so-

dium being presented to a very distinguish-

ed chemist, he, with some enthusiasm, ex-

amined it ; and, admitting the fact of its

being a metal, exclaimed, "how heavy it

is !"—when the real fact was that its specific

gravity was less than water ; the expression

was the result of the general pre-conceived
opinion that a big! specific gravity was

a test of a metallic body. It was re-

served for a French chemist, Henry St.

Claire Deville, to utilize the metal sodium,

and that, too, in such a manner that the de-

mand aroused attention to its production ;

—

demand will inevitably bring a supply.

The original reduction was made by Davy
by means of the voltaic battery. After it

had been proved that these bases were real-

ly metals capable of reduction, chemistry

brought all its resources to bear on the

problem, and they were produced by other

methods than the battery. All the processes

adopted, however, were too expensive and
laborious, involving an extraordinary amount

of complicated manipulations with but in-

adequate results. The metal sodium, which

is the immediate subject of our inquiry,

long remained an object simply of curiosity

or experiment in the laboratory.

The methods of reducing the metal have

of late years been so simplified that, to

quote Prof. Chas. A. Joy, in the " Journal

of Applied Chemistry ": " A few years ago

a pound of this metal could not have been

purchased for two hundred dollars, and even

at that price there were few manufacturers

hardy enough to take the order. At the

present time it can be readily manufactured

for seventy-five cents, if not for fifty cents a

pound ; and the probabilities are that we
shall soon be able to obtain it for one-quar-

ter of a dollar."

Deville found that by the reaction of the

metallic sodium on common chloride of alu-

minum, a reduction was effected ; the chlo-

rine taking up the sodium, forming chloride

of sodium (common salt), while the alumi-

num was left free in the metallic state. It

is hardly necessary to go into the particulars

of the process ; but a metal well known to

exist, had, for the first time, been brought

to the world in such a condition of structure

that its qualities could be tested, not only

chemically, but mechanically. This was
the direct result of Deville's metallurgic

process of obtaining the reducing agent

—

sodium.

Aluminum in itself would be of but little

use, so that a brief description will be all

that is necessary. It is about the color of

silver, but susceptible of a higher polish,

especially on a fresh-cut surface ; it is much
less susceptible of oxidation than silver ; its

specific gravity is but little more than pine

wood, and its tenacity, ductility, and lami-

nating qualities are nearly equal to silver.

Its use in the mechanical arts is limited,
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notwithstanding all these qualities, from the

fact of its low point of fusibility, and at the

heat of the fusible point being easily oxi-

dized, so much so as to prevent soldering,

except by an autogenous process. But alu-

minum does possess a property peculiar to

itself—that of forming a purely and strictly

chemical alloy with copper. It unites with

it in any proportion ; the compound formed
by the addition of 10 per cent of aluminum
to 90 per cent of copper has been found to

possess all the properties of an entirely new
metal, with qualities that render it a very
valuable material in all fine work, such as

astronomical instruments ; and very fine

machinery, such as watch-lathes, etc.

The French reports on the alloy are

somewhat voluminous, but we give the fol-

lowing :

The color of this bronze so closely resem-
bles that of 18 carat gold, such as is used for

the best jewelry and watch-cases, that it is

capable of receiving the highest polish, and
is far superior in beauty to any gilding.

Samples taken from different parts of the

largest castings, when analyzed, show the

most complete uniformity of composition,

provided only that the two metals have
originally been properly mixed while in a

state of fusion. These experiments have
been made upon cylinders weighing many
hundreds of pounds, and are entirely con-

clusive.

This valuable quality is not found in any
of the more ordinary alloys of copper. The
alloy of copper with tin, for example, known
as gun-metal, is notoriously subject to a

phenomenon known as liquation; in conse-

quence of which a great difference is found

in the composition of the same casting, both
in the top as compared with the bottom, and
in the center as compared with the circum-

ference.

This phenomenon often causes great in-

convenience, as the different parts of large

objects will, in consequence, vary greatly in

hardness as well as in strength. In casting

artillery the difficulty becomes a serious one,

and no means have yet been discovered by
which it can be entirely removed.

This homogeneousness of aluminum bronze

is a natural consequence of the great affinity

existing between the two metals of which it

is composed ; and that there is such an affin-

ity is clearly proved by the phenomenon at-

tending the manufacture of the alloy. The
copper is first melted in a crucible, and the

aluminum is then added to it in ingots. At

first there is, of course, a reduction of tem-
perature, because the aluminum in melting
absorbs the heat from the melted copper

;

and this absorption is so great, in conse-

quence of the great capacity for heat of alu-

minum, that a part of the copper may even
become solid. But let the mixture be stir-

red a moment with an iron bar, and the two
metals immediately unite ; and in an in-

stant, although the crucible may have been
removed from the furnace, the temperature

of the metals rises to incandescence, while

the mass becomes as fluid as water.

This enormous disengagement of heat, not

seen in the preparation of any other ordinary

alloy, indicates, not a simple mixture, but a

real chemical combination of the two metals.

The ten per cent bronze may therefore be
properly compared to a salt, the more so as

it is found by calculation to contain, within

a very minute fraction, four equivalents of

copper to one equivalent of aluminum.
The ten per cent bronze may be forged

cold, and becomes extremely dense under
the action of the hammer. The blades of

dessert-knives are thus treated in order to

give them the requisite hardness and elas-

ticity. But it has another valuable quality

which is found in no other kind of brass or

bronze. It may be forged hot as well as,

if not better than the very best iron. It

thus becomes harder and more rigid, and its

fracture shows a grain similar to that of cast

steel. On account of the hardness of the

aluminum bronze, rolling it into sheets

would be a tedious and expensive process,

were it not for this property of being malle-

able at a red heat. But it may in this man-
ner be rolled into sheets of any thickness,

or drawn into wire of any size. It may also

be drawn into tubes of any dimension.

From several experiments, made at differ-

ent times at Paris, it appears that the break-

ing weight of the cast bronze varies from 65

to 70 kilogrammes the square millimeter.

The same bronze drawn into wire supported

a weight of 90 kilogrammes the square

millimeter. The iron used for suspension

bridges, tested in the same manner, did' not

show an average of more than 30 kilogram-

mes. Some experiments were also made by
Mr. Anderson, at the Royal Arsenal at

Woolwich, in England, who tested at the

same time the aluminum bronze, the brass

used for artillery, and commonly called gun-
metal, and the cast steel made by Krupp in

Prussia. Taking for the maximum strength

of the bronze the lovdfest of the numbers
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found, as above, we are thus enabled to

form the following table of comparative

tenacities :

Aluminum bronze, 10 per cent 65
Krupp's cast steel 53
Refined iron 30
Brass for cannon 28

The comparative toughness of these same
four metals was also tested in the following

manner : A bar of each was prepared of the

same size, and each bar was then notched

with a chisel to precisely the same depth.

The bars were broken separately, upon an

anvil, by blows from a hammer. The last

three metals in the table broke each at the

first blow, with a clean and square fracture.

The aluminum bronze only began to crack

at the eighth blow, and required a number
of additional blows before the two pieces

were entirely separated. And the irregu-

lar, torn surface of the fracture showed the

peculiarly tough and fibrous nature of the

metal.

The elasticity of the aluminum bronze

was tested by M. Tresca, Professor at the

Conservatoire des Arts et Metiers. The ex-

periment was made upon a bar of simple

cast metal, and the following is his report

:

" The co-efficient of elasticity of the alumi-

num bronze, the cast metal, is half that of

the best wrought-iron. This co-efficient is

double that of brass and four times that of

gun-metal, under the same conditions."

The specific gravity is 7.7, about the same

as iron. Another very valuable quality is

presented in the fact that it is acted on by
atmospheric influences less than are silver,

brass or bronze. This places it in the same
rank with gold, platinum and aluminum.

Very stiff and very elastic, tougher than

iron, very little acted upon chemically, and

in certain cases not at all, capable of being

cast like ordinary bronze or brass, forged

like iron and steel, of being worked in every

way like the most malleable metals or al-

loys, having added to these properties a

color analogous to that of the most precious

metal, this bronze proves itself adapted to

uses almost innumerable. At first sight, it

seems difficult to admit that the relatively

small proportions of aluminum which enters

into the composition of this bronze can be

sufficient to modify so extraordinarily the

properties of the copper which constitutes

so large a portion of its weight. But we
must remember that the specific gravity of

aluminum is very low, and that a given

weight of this metal possesses a bulk four

times as large as the same weight in silver.

It follows from this that the ten p*er cent of

aluminum contained in the bronze equals in

bulk forty per cent in silver.

The specimens of the ware we have seen,

such as spoons, forks, cups, watch-cases,
etc., are certainly very beautiful, having the

color and high polish of gold, while dilute

acids do not affect the surface.

SUBMARINE RAILWAYS.

From "Engineering."

It is sixty years since Trevithick, unde-
terred by the unsuccessful attempt of Ralph
Dodd, began a tunnel under the Thames,
working from the Rotherhithe shore. He
carried it upwards of 1,000 ft. under the

river, and to within 100 ft. or so from the

Middlesex bank, when the result of a rash

experiment, undertaken by himself, was to

flood the works with water. The history of

the present Thames Tunnel, now about to

become a railway tunnel, is sufficiently well

known, and it is also well known that the

Botallick mine, in Cornwall, extends for

some distance beneath the Atlantic, and it

is said that the miners can hear the roar of

the waves, or, at least, the crashing roll of

the shingle over their heads during storms.

Our own columns have contained full ac-

counts of the most important example of

tunneling beneath water, viz : the Chicago
Lake Tunnel, extending for two miles be-

neath Lake Michigan, and to a point over

which the water is 40 ft. deep, the tunnel

itself being 70 ft. beneath the surface of the

lake. This work was carried through a bed
of imperviable clay, previously bored at a

number of points sufficient to establish its

perfect continuity, and the tunnel was lined

with brick work as fast as the headings them-

selves were advanced. Here the work was,

from the first, as reasonably certain of suc-

cess as its subsequent progress was easy and
straight-forward.

The grandest example of subaqueous tun-

neling, should it ever be carried out, will be

the submarine railway from the South Pore-

land to the French coast, near Calais. The
under sea portion will be 22 miles in length

(of course without shafts), under water of a

maximum depth of nearly 200 ft. at high

tides, and at a distance or depth of from
250 ft. to 320 ft. beneath the. bottom of the

Channel. A question of great present in-

terest is, Can this tunnel be made ? It is

well nigh settled, beyond geological dispute,
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that there is no continuous bed of clay

through trfrich it can be carried, unless

through a comparatively thin bed of gault

of uncertain dip and direction—a bed which,

from such examination as it has been possi-

ble to make, appears to crop out across the

bottom of the Channel between Abbot's

Cliff and Cape Blanc-nez. The designers of

the Channel Tunnel have preferred, there-

fore, the lower or gray chalk, and have pro-

posed a line two or three miles only to the

north-east of the out-crop just named, with

its superior out-crop of green sand. The
dip, to the north-eastward of all the strata,

is quietly estimated at 100 ft. per mile, al-

though there is not an authenticated axial

(longitudinal) section of the Channel in ex-

istence, to show what is the real declension,

to the north-eastward, of the strata of its

bed. The proposed tunnel would pass under

the deepest part of the Channel, between

Dungeness and the North Foreland, while

it would not permit of the shortest crossing,

possibly and probably the shortest crossing

is not practicable for a submarine tunnel.

One enterprising projector would carry a tun-

nel through the green sand, but those who
would carry it through the chalk would still

be sailing very close to the wind, with the

certainty that if a "fault" or fissure were
met with, an irresistible stream of water,

under from 200 lbs. to 225 lbs. pressure per

square inch, would quickly dispose of all the

work previously done. There are large, un-

mistakable and well recorded faults in the

chalk beneath London, and, what with seis-

motive action—and we do hear of earth-

quakes even in England—there may be

larger faults beneath the Channel. That
men can be found, by hundreds, to work the

headings of a Channel tunnel, need raise no

doubt whatever. But that these men would
ever come out of the headings, dead or alive,

is another matter. If the headings once fail,

all hope is well nigh lost. It is proposed,

by the engineers to the International Com-
mission, to make two headings from each

coast, each 9 ft. square. Two headings are

proposed, upon an assigned theory of ven-

tilation, but it is clear that a single heading

can be perfectly ventilated by compressed
air, while it is certain that two parallel head-

ings would but double the risk without econ-

omizing time. With a single heading, 9 ft.

square, once safely carried through, there

would be no great difficulty in enlarging it

to a tunnel 28 ft. or 30 ft. wide. But the

roof of this heading, occupying, perhaps,

five years in making it, would present a sur-

face for percolation of 2-4 or 25 acres, and
it could not be bricked up as the work pro-

ceeded. One, two, or three years after a
portion of the heading had been completed,

a resistless torrent of water might suddenly
come through, destroying not only the whole
work, but all within it. To undertake such
a work, even if it be not tempting Provi-
dence, is, at least, to incur tremendous un-
certainties, considering that it would be
through a comparatively unexamined bed of
chalk, but two or three miles from the out-

crop of half a dozen strata.

But supposing the heading, or a parallel

pair of headings once made, and the tunnel

afterwards made, as it could then easily be
made, there would not only be nearly 30
miles of continuous tunnel for the passenger,

but this would be upon a line involving a
long and circuitous route to Paris. If Paris
be the " objective point," it would at least

be 25 miles further from London via Dover,
by Mr. Hawkshaw's, than by Mr. Fowler's
route, the latter a steamboat route. From
London to Dover is 78 miles by the Chat-
ham and Dover, and 76| miles {via Seven-
oaks) by the South-Eastern. To Folkestone
the distance is 71 miles only. Yet the pro-

posed tunnel is to be carried well to the east

of Dover, say to the South Foreland, and
instead of being directed well into the course

of the Belgian and North German traffic,

it draws short of Calais, and connects more
directly with the line between Calais and
Boulogne, making it well nigh the most
roundabout route between London and Paris.

The Channel Tunnel, estimated at £10,-

000,000, involving an interest charge, at 4
per cent, of more than £1,275 per day, of

313 working days per year, would admit
of any traffic, however extensive, would
conduct it at the average working rate of

35 or 40 miles per hour, without detention

by tides, fogs, storms or the chances of col-

lisions. It is doubtful whether it can be
made, equally doubtful whether it could ever

"pay," except in the far distant future,

with trains every quarter of an hour. That
all trains would require to be lowered 500
ft. or 520 ft. at each end, and again pulled

up through the same distance, is by no means
an insuperable objection to the tunnel. Nor
do we apprehend any insuperable difficulties

in the way of draining or ventilating. Both,
for anything we can see, may be easily, suc-

cessfully and permanently managed.

On the other hand, an absolutely certain



VAN NOSTRAND'S ENGINEERING MAGAZINE. 887

means of communication, for which nature

has provided the "permanent way," if that

term may be applied to a tidal sea, is al-

ready to be found between Folkestone and
Cape Gris-nez, Audrecelles, Ainbleteuse or

Boulogne. The shorter the sea passage de-

sired, the nearer must the route bear to-

wards Cape Gris-nez. Indeed, Dover pier

and Cape Gris-nez are separated by the least

distance of any points between England and
the Continent, say 17ty knots. But Cape
Gris-nez would not make a good landing

place for steamers, and so for the Belgian
and German traffic, the route would require

to be drawn more towards Calais, and so for

Paris, it would require to be drawn more
towards Boulogne. Of all the existing

routes, they are diagonal between two nearly

parallel coasts ; in fact, there is no direct

route across.

The railway ferry boats proposed by
Messrs. Fowler and Wilson, would cross be-

tween Dover and Audrecelles, the latter

about 7 miles north of Boulogne. By leav-

ing Folkestone instead of Dover, they would
save from 5-g to 7 miles of land journeying

on the English side, and by making the

French port a short distance south of Cape
Gris-nez, about two miles north of Audre-
celles, they would reduce the sea journey to

less than that now attending the Dover and
Calais route. To the point named (or rather

not named, as bearing no name) the steam
service between England and France would
be well nigh the shortest practicable. Four
or five miles of railway on the French side

would connect it with the existing Calais and
Boulogne railway, one of the crookedest

and worst in France, except between the

proposed point of junction and Boulogne.

It would be objected that this route would
take vessels across the " Varne " and the
" Ridge," or " Le Colbert," the most
dreaded sand banks, next to the Goodwins,
of all in the Channel. But by planting a

sufficiently visible beacon on the head of the

Varne, a course might be taken to the north-

east of it, which would, at low water spring

tides, carry over a vessel drawing 24 ft. with

more than 40 ft. of water over the north-

eastern end or head of the " Bidge."
The tunnel, estimated to cost £10,000,000,

and attended with an interest burden of

£1,275 per day, might, for twenty trains

each way daily, be worked at a cost of less

than £200 per day. To perform the same
service, probably ten boats, costing each

£100,000, would be required, and it is not

perhaps far out of the way to allow £1,000,-

000 for the improvements of the ports of

Folkestone and the inchoate port south of

Cape Gris-nez, but a little north of Audre-
celles. Upon these would rest the interest

at 5 per cent, of £100,000 per annum, to-

gether with a further sum of £100,000 per

annum for depreciation on boats. Beyond
these sums would be the cost of repairs of

boats, say £50,000, besides coal, wages, &c,
bringing the whole, probably, up to nearly or

quite £300,000. The boats would not pre-

vent sea-sickness, and they would be more
or less exposed to the risks of collision.

They might run aground, especially in shal-

low harbors, and at low tide, and however
fast they might be as boats, they would be

slow as compared with railway trains, the

more so as they would require a considera-

ble interval of time in receiving and dis-

charging their deck load of passenger and
goods carriages. Still, this brief examina-
tion by no means exhausts the subject.

The Bessemer Manufacture in the
United States.—The Pennsylvania

Steel Works at Harrisburg are regularly

making eight five-ton heats every day of

twelve hours. This would be equivalent

to sixteen heats, or 65 or 70 tons of ingots

per twenty-four hours. Eight heats in

twenty-four hours is considered fast work
in England. It is now over eighteen months
since a heat has been lost at these works
through the failure of the machinery or re-

fractory materials—a result more remarkable

even than the large product. The new
five-ton plant of Messrs. John A. Griswold

& Co., at Troy, isaearly completed, and will

have a greater capacity than any other in

this country. The two-ton converter at

these works is regularly making ten heats

per 24 hours, which is good work for a sin-

gle vessel. An 18-inch merchant mill, made
very heavy and specially adapted to steel,

has also been started by this company, and
is now turning out bars up to four inches round

or square.

Mr. John C. Thompson has resumed
the superintendence of the Cleveland

works. The Lewistown works are execut-

ing a large rail order for the Pennsylvania

railroad. The Steel Works of the Cambria
Iron Company, at Johnstown, are approach-

ing completion, and will be, in many re-

spects, the finest Bessemer works in this

country.
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INDICATOR CARDS.

FROM STANDARD AND EXPERIMENTAL
ENGINES.

Compiled from the proceedings of the Association of

Engineers and Architects.

A suitable description of the Indicator,

by which the diagrams referred to in this

paper were taken, may be found in C. T.

Porter's "Richard's Indicator," published

by D. Van Nostrand, of New York.
Diagram No. 1 is from an "Allen" Con-

densing Engine at the Paris Exposition of

1867. The waving of the expansion line is

caused by the excessive momentum of the

Indicator piston, due to the high speed of

the engine, which cannot be taken up by the

spring quickly enough to give the visual

regular outline to the diagram. The irregu-

lar, nearly horizontal line at the top of the

diagram was drawn when the indicator was
attached to the steam chest, and shows the

pressure of steam as slightly lessened when
at the beginning of the stroke a large quan-

tity passes into the cylinder. The atmos-

pheric line is shown in each diagram ex-

tending beyond the ends of the rectangle.

The spaces between the horizontal lines on

No. 1 represent 4 lbs. pressure.

No. 2 is from a Reed and Cogswell oscil-

lating engine. The slow and tardy opening

of the steam and exhaust ports is clearly

shown. In this 4 lbs. to each space.

No. 3 from a Lenoir Gas Engine. The
gas and air pass into the cylinder through

valves which close at about half stroke, and
the mixture is then ignited by an electric

spark, or by other suitable means. 8 lbs.

to each space.

No. 4 from a non-condensing engine in a

rolling mill at Trenton, and shows the re-

sult of an accidental displacement of the pin

from which the paper received its motion.

The engine has a heavy fly-wheel, and at

the time when this diagram was taken, was
running without load. The point of admis-

sion is at s ; the opening of the exhaust is

at e ; the back pressure against which the

return stroke is performed is shown by the

line at a ; and the rise of the line from a,

toward s, is due to the compression occur-

ring in the cylinder before the beginning of

the next stroke.

No. 5 from the U. S. gun-boat " Algon-
quin," with a Sickles cut-off. 4 lbs. to each

space.

No. 6 from an engine having a poppet-

valve cut-off, tripped by the action of the

governor. 4 lbs. to each space.

No. 7 from the steam cylinder of a con-

densing blowing engine at Harrisburg,

Penn. 6 lbs. to each space.

No. 8 from the air cylinder of the same
engine, having valves made of a rubber
band, opened and closed by the pressure of

the air. 6 lbs. to each space.

Nos. 9, 10, 11, and 12, are all from a
non-condensing Corliss engine, at Trenton,

New Jersey. No. 9 shows the distribution

of the steam by the valves as they had been
set for many months previous to the appli-

cation of the Indicator ; and Nos. 10, 11,

and 12 give the improvement shown by its

use to be needed and entirely practicable.

It was effeeted by merely moving the eccen-

tric ahead upon the shaft so that the valves

were all opened earlier. In all these, 6 lbs.

to each space.

No. 12 shows a high back pressure with
the engine following full stroke. No. 11,

the distribution of steam when cut of at ^
stroke, and No. 10, when no work was done
except driving a fly-wheel and gearing, by
which the power was transmitted to the train

of rolls.

LEAD AS A COVERING FOR ROOFS.

By Mons. C. Detain", C.E., in "Revue Generate
de l'Architecture."

Properties of Lead.—Lead is of a bluish-

gray color, usually dimmed after being sub-

mitted to the action of the air, but lustrous

when recently cut or scraped. It remains
unchanged for some time in a dry atmos-
phere, but if subjected to the action of hu-

mid air it soon becomes covered with a
blackish pellicle. This coating preserves

the rest of the metal from oxidation, in the

same way that a covering of the same nature

preserves, with even greater efficacy, zinc

surfaces. " Pure lead is not affected by
perfectly pure water free from air, but if air

be present the metal is oxidized at its ex-

pense, and the oxide thus formed, combining
with carbonic acid, is deposited on the lead

in minute crystals as a basic carbonate of

lead. The water will then be found to con-

tain lead in solution, and such waters drawn
from impure cisterns, often produce very
distressing consequences. If the water con-

tains any sulphates, the lead is thrown down
as a sulphate of lead, which is insoluble."

(" Ure's Dictionary," 6th edition.)

In a state of purity lead is very soft—it
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may be scratched with a finger nail, and
readily cut with a knife ; rubbed upon paper

it makes a metallic gray stain. Its mallea-

bility is very great, so great that it may be

beaten into thin leaves and drawn into very

fine wire, but it has but little tenacity—only

about one-fourth that of zinc. A wire of

one-twelfth of an inch diameter will not sup-

port 20 lbs. Lead which has been prepared

by the old method, that is to say, by casting,

much in the same way that plate glass is

manufactured, has about the same tension

as rolled or milled lead, but the cast lead

breaks abruptly, presenting a clean, granu-

lous fracture, whilst rolled lead, before giv-

ing way, is drawn into threads, so to speak.

The rolling process has a great influence

upon the ductility of this metal. The re-

sult of numerous experiments is that rela-

tively laminated lead is to cast lead as 7 is

to 5. The ductility of the latter kind appears

to be the same for all thicknesses, whilst

that of laminated lead appears to increase

with the hammering to which it is subjected.

Cast lead is firmer and drier, as the workmen
say, than rolled lead. Its surface is marked

by an infinite number of minute pores, which

give it a rugose appearance. Rolled lead, on

the other hand, has a very smooth surface.

The density of lead when pure is 11.445.

The lead of commerce, however, is very

rarely pure ; it very often contains copper,

iron, and even traces of silver, antimony,

arsenic, sulphur, &c. Thus its density rarely

rises above 11.352—one and a half that of

zinc. Hammering does not appear to in-

crease the density of lead, it diminishes it

rather. It commences to fuse at 325° C;
before fusing it is covered with an iridescent

pellicle of great beauty. As the tempera-

ture rises the colors disappear—at 335° C.

it is in a complete state of fusion.

The prolonged contact of lead with an-

other metal, will lead to its being destroyed

by the electrical action which is set up. M.
Detain quotes a case which came within his

experience. The roof of a bathing estab-

lishment was covered with copper, but at

one point lead was used in contact with the

former metal. After a time the roof began

to leak. A workman was called in. The

lead was found completely oxidized ; it had

kept its form, but on being touched it crum-

bled into powder. The lead was likewise

in contact with an oak plank, and its de-

struction was due to three causes : contact

with the damp wood, the action of the va-

por of water, and electrical action.

Lead is very rapidly altered by contact

with damp plaster ; sulphate of lead is then

formed, which is a most energetic oxidizing

agent. Saltpeter or niter also attacks lead

very powerfully. Saltpeter is very often to

be found in damp cellars, and upon the walls

of wells ; thus it is very commonly the de-

struction of the lead pipes in pumps, which
under these attacks become perforated in

many places. Again, lead is subject to the

attack of certain insects which gnaw very
minute orifices in it. It appears that old

lead is not so liable to these attacks, and
the inferiority in this respect of modern
lead, is attributable to its being now-a-days
too much refined, which, together with the

rolling process, tends to weaken its structure.

The texture of rolled lead is, so to speak,

formed of a number of leaves, which are

capable of being separated without much
difficulty. Nevertheless, laminated lead is

not the sole kind liable to these insect at-

tacks. Marshal Vaillant not long since pre-

sented to the French Academy of Sciences

some bullets which had been deeply eaten

into in this way. Lead has about half the

heat-conducting power of zinc. The power
of lead, in this respect, is represented by
180, that of zinc by 363.

Nearly all the lead which is employed in

the arts is extracted from the ore called ga-

lena or sulphide of lead. " This is the most
abundant ore of lead ; it may be, indeed,

regarded as the only commercial ore of any
value, if we except the carbonates, which
are probably formed by the decomposition

of galena."—("Ure's Diet.") This ore is

found in all the lead producing districts.

Thomson's analysis of galena gives

:

Lead 85.13

Iron 0.50

Sulphur 13.02

Lead is found in almost every country.

The beds are numerous, and next to iron the

J

most widely spread ; but the richness of

I

these beds is very -unequal. It is found al-

most in every kind of stratum, sometimes

in thick and productive seams, sometimes

only in " pipe veins," sometimes dissemina-

ted in grains.

England and Spain are at the head of lead-

producing countries. England produces

70,000 tons ; Spain 60,000 tons ; Germany
produces only about 10,000 tons ; France

produces but the insignificant amount of 200

tons annually, whilst to supply her wants

she has to import about 80 times as much
more.
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Lead in its employment for Roofs.—The
layer of lead upon a roof must be suffi-

ciently thick to resist the influence of the

coating of oxidized matter 'which will over-

spread its surface under the action of the

atmosphere, and also to resist being torn

and cracked by the force of the contractions

and dilations which variations of tempera-

ture may cause it. The tenacity of lead is

four times less than that of zinc, and at the

same time its linear dilation is the same.

In order then that lead may present the

same resistance as zinc, it must be four times

as thick. It is true that lead resists the

destructive action of winds more successfully

than zinc, on account of its greater weight
and its better adherence to its supporting

timber ; but this very weight may prove an

element of its early decay in the case of

roofs which are of a very steep incline. We
must also take into account that a roof cov-

ered with lead will cost six times as much
as one in which zinc is used. Nevertheless,

in making a comparison between the mone-
tary value of lead and zinc, we must always

remember that there is a vast difference in

the ultimate intrinsic value of the two me-
tals ; lead after being used loses but little

of its first value ; whilst zinc loses consider-

ably more than one-half.

If a lead roof is heavier and dearer than

one of zinc, it is' superior to it in appear-

ance. It very quickly assumes a uniform

dark aspect with grayish reflections ; whilst

zinc very slowly puts on a dirty black color,

without any reflections. No experienced

eye could be deceived as to the two metals,

even at some distance. Lead has a rich,

substantial look, whilst zinc is characterized

by a mean, flimsy and cheap appearance,

which must greatly detract from the beauty

of any building of importance. The roof

of Notre Dame, which is formed of lead, has

a beautiful appearance, to speak of its color

alone ; the roof of St. Clotilde, on the con-

trary, formed as it is of zinc, has a poor and
commonplace look. This fact is so fully ad-

mitted by the French builders, that in Paris,

where, in house building, zinc is largely em-
ployed, those parts which are very prominent
are colored black to resemble lead. This

coat of oil paint, however carefully it may
be prepared, adheres only badly to the metal,

for in a short time it scales off and falls away
in pieces. Another process has been tried

with much effect, as it has been alleged.

This is to paint the zinc with a hot solution

of graphite, in water strongly charged with

caustic and fixing substances, as for example,

chlorate of potash and sulphuric acid ; 14
parts of graphite, 1 of chlorate of potash

diluted in 28 parts of sulphuric acid, com-
monly called vitriol. The whole of this

compound must be gently heated, and wa-
tered to a consistency such as may be easily

laid on with a brush. It is a good method,
first of all, to wash over the surface of the

zinc with a weak solution of sulphuric acid,

which will cause it to take the paint more
perfectly. The paint must be laid on hot.

Formerly, the lead was of a thicker kind
than that now in use. This is one of the

reasons why modern leaden structures are

less durable than the old. Besides having
regard for the proper thickness of the sheet

of lead, we must always take into account

the special qualities of the metal. Thus,

when it is placed in position where it may
expand with facility, we must, if possible,

only nail it upon one end. The nails should

be of a large head, and placed closely to-

gether. Lead should never be placed in

contact with wet wood or damp plaster ; and
the proximity of another metal less oxidiz-

able, should always be avoided. Finally,

lead should never be subjected to the action

of the vapor of water, because the water

upon being condensed upon the surface of

the metal is very much aerated, and in this

condition acts very energetically upon lead,

as we have already seen.

Soldering.—Lead is soldered by means of

an alloy of that metal with tin, or simply by
itself without the employment of any inter-

mediary alloy, by the method known as

" autogenous soldering." For the soldering

of large and heavy work, the proportions of

the alloy should be 30 tin and 70 lead ; for

lighter varieties of workmanship, 70 tin and
30 lead.

With respect to autogenous soldering (lead

with lead, without using any intermediary

alloy), it is only made use of in very great

works, and in producing leaden vessels for

the manufacture of chemical products, where

the acids which act upon tin would very

quickly destroy the ordinary solder.

This new method of soldering was in-

vented by Count Desbassayns de E-ichemont.
" Hydrogen gas is contained in a gasometer

to which a flexible tube is connected, and

air is urged from a bellows worked by the

foot through another tube and on to the blow-

pipe where the hydrogen is ignited. By
means of the flexible tubes, the flame may
be moved up and down the line of any joint,
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and the connecting medium melted."— (Ure's
Dictionary.) In our naval arsenals this pro-

cess has been largely employed. This kind

of soldering renders the joint very strong,

the junction being as firm as any other part

of the surface of the metal. The process

is capable of being used in all kinds of

plumber's work.

In France, especially, lead roofs are

formed in two ways : In the shape of slates

and used in the same way, and in sheets.

Leaden tiles are used only in the case of

very pointed steeples, or domes of small di-

mensions, and in analogous circumstances.

When sheet lead is used on steep roofs, it

must be firmly secured, and at the same time

it must be allowed the means of dilations.

The new roof of the Cathedral of Notre

Dame, at Paris, is made of cast lead. The
celebrated Dome of the Invalides, in the

same city, recently repaired, is likewise of

cast lead. Both these roofs have a de-

servedly high reputation for beauty of ap-

pearance and excellence of workmanship.

The Iron Age op Ship-Building.—
The first large, square-rigged iron sail-

ing-vessel ever built in this country was
successfully launched August 5th, from the

yard of Messrs. Harlan & Hollingsworth, at

Wilmington, Del. This vessel, a bark, was
built for Messrs. Tupper & Beattie, of this

city, and is said by competent judges, who
have examined her, to be in every respect

equal to the best Clyde-built ships. She
registers 700 tons, new measurement, is 155

ft. over all, 140 ft. keel, 31 ft. 9 in. beam,

11-J ft. depth of hold, is 7 ft. between decks,

has all the modern improvements, and is

very appropriately named the Iron Age.
She has a yacht stern, upon which is placed

the attractive and appropriate coat-of-arms

of the State of New York. Her prow is

sharp, and has for a figure-head the bust of

an artisan, with a cold-chisel in one hand,

and a hammer in the other, emblematic of

his craft.

This vessel^was built upon British speci-

fications, and at a cost, we are assured, not

exceeding the best Clyde-built ships, or, in-

deed, the cost of constructing a first-class

wooden ship at this port at the present time,

a special contract rate having been secured.

In several essential particulars the Iron Age
is an improvement upon any British iron

ship which has visited our ports. The an-

gle iron used in her construction is consider-

ably heavier than that employed by the

Clyde and Mersey builders ; her ribs are

from two to four inches closer together than
British ships, while in her framing there has

been no piercing or bursting of rivet-holes,

which is something unusual in this class of

vessels. In point of model, sailing qual-

ities and carrying capacity have been judi-

ciously blended. All the British iron ships

that we have seen, are long and narrow, thus

rendering it necessary to ballast them before

receiving, and after discharging cargo. The
Iron Age has sufficient breadth and curva-

ture to obviate such a necessity. She has

already been surveyed by the agents of the

American and French Lloyds, and pro-

nounced by them one of the best specimens
of iron ships. When launched and ready
for rigging her draught of water was only

4 ft. 11 in. forward, and 6 ft. aft, which is

a foot lighter than a wooden ship of the

same dimensions.

While the first cost of an iron ship is

greater than that of a wooden vessel of the

same size, the former, in the end, is much
the more economical. It has been abun-
dantly demonstrated that the use of iron

instead of wood gives to the vessel greater

strength, combined with lightness—two im-

portant considerations in ships. An iron

ship, moreover, is not subject to the intense

straining which is so severe upon the joints of

the wooden vessel. The facility which iron

gives in the construction of a vessel is much
superior to that of wood, because there is

no useless metal employed, and no filling is

required. The power of iron to resist ten-

sion and compression is also much superior

to that of wood. In the preparation of the

material for the construction of a vessel,

there is great economy of time and labor in

the use of iron. The superior strength of

iron vessels, and the tenacity of their frames

in contingencies fatal to wooden vessels, are

illustrated by a long practical experience.

The use of iron increases the capacity of the

vessel for stowage, thus rendering this kind

of tonnage far more profitable, to say nothing

of durability. A first-class wooden ship will

rate A 1 for but nine years, while a first-

class iron ship will stand the same rate for

twenty-one years. And the iron ship, with

no unforeseen casualty, will be good prop-

erty long after a modern wooden ship has

gone out of existence.

The days of wooden ships, it is safe- to

conclude, are about numbered. In Great
Britain, iron has become the standard ma-
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terial for ship-building, and in other mari-

time countries a similar change is beginning

to take place, so that in another decade,

probably, wooden ship-building will be out

of date. Although the United States, for

obvious reasons, is behind the leading na-

tions of Europe in this branch of industry,

it may safely be taken for granted that we
are not likely to remain long in the back-

ground. We want cheaper materials to be-

gin with, and if Congress cannot frame a

law for the benefit of ship-builders without

exciting a conflict of interest- among other

classes of home producers, it must inaugu-

rate prompt reform in national finances, such

as shall bring down the cost of production

to its natural level. Something must be
done, without longer delay, to resuscitata

an interest that has been, in years gone by,

the bulwark of our commerce, and to rescue

our valuable carrying trade from the flags of

other nations.

The Iron Age is the third iron sailing-

vessel ever built in the United States, the

other two being the schooner Mahlon Betts,

built at Wilmington, Del., and the iron brig

Novelty, recently built by the Atlantic Iron

Works, Boston, for carrying molasses in

bulk. Both are much smaller than the ves-

sel launched at Wilmington last week.

Wilmington has important advantages

over any other American port in this branch

of industry. She has iron and coal in

abundance at her very door, together with

long years of experience. The firm who
built the Iron Age have built upwards of

two hundred iron steamers, varying in size

from 300 to 1,500 tons. They have built

for one firm alone, twenty-one steamers for

the Gulf trade, and they have been thirty-

three years maturing their plans to carry on

this important branch of industry. They
employ at present 600 hands, but have facil-

ities for employing more than twice that

number, should their business warrant it.

—

N. Y. Skipping List.

I
Resistance op Roads to Traction.—
t The following results of the experiments

of Sir John McNeill in regard to traction

on roads of different kinds, are pretty gene-

rally accepted as accurate :

Resistance in pounds per ton on different roads.

Iron floor 8 lbs. per ton.

Stone tramway 20 lbs. per ton.

Paved road 38 lbs. per ton.

Macadamized road 44 to 67 lbs. per ton.

Gravel 150 lbs. per ton.

Soft, sandy and gravelly soil .. . 210 lbs. per ton.

STEAM-ENGINE PERFORMANCE.
From "Engineering."

Since the publication in a recent number*
of the particulars of the experiments made
by Messrs. Farey and B. Donkin, jr., on an
engine at Messrs. B. Donkin & Co.'s works
at Bermondsey, we have received from Mr.
John Pinchbeck the details of a trial con-

ducted by him some years ago of a single-

cylinder engine constructed by the Reading
Ironworks Company, then Messrs. Barrett,

Exall & Co. In this trial the temperatures

of the water supplied to, and thrown off

from the condenser were accurately noted,

and the quantities both of the condensing

water and of the water evaporated were
carefully weighed, as was also the fuel used.

In order that the quantity of water evapo-

rated might be ascertained with accuracy,

the water was weighed before filling the

boiler, and on the experiment being com-
pleted the boiler was blown off, and the

water thus blown off also weighed. The
difference between these first and final

weighings had, of course, to be added to,

or subtracted from the weight of the water
supplied to the boiler during the trial, in

order to get the true evaporation. The
weighing of the water discharged from the

condenser was managed as follows : A
wooden tank, measuring about 4 ft. X 4 ft.

X 4 ft., was placed on the table of a weigh-

ing machine and accurately balanced, and
weights amounting to one and a-half tons

were then placed on the scale beam. The
water in the condenser was then run into

this tank until the weights we have men-
tioned were lifted, when the communication
with the hot well was shut off by a sluice,

and another sluice opened which allowed

the water to run out of the tank. While
the main tank was being emptied, the water
discharged from the hot well was received

in a small auxiliary tank, which was, of

course, emptied into the main tank as soon

as the latter was ready to be refilled. The
number of times that the main tank was
filled and emptied was, of course, registered,

and the weight of water discharged from the

condenser was thus obtained very accurate-

ly. Altogether this trial of a single-cylinder

engine is one which forms an interesting

comparison with that of the engine of the

double-cylinder class, of which we gave the

details last week. The particulars of Mr.
Pinchbeck's experiments are as follows

:

* See V. N.'s Mag., Aug., p. 693, and Sept., p. 787.
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Description of Engine.—Horizontal high-pres-

sure condensing. Cylinder 21 in. in diameter, with

30 in. stroke. The cylinder and covers steam-

jacketed, steam being supplied direct from the

boilers, and means being provided for getting rid

of the water resulting from the condensation of the

steam. Distribution of the steam effected by slide-

valve with adjustable expansion valves at the back,

worked by separate eccentric. During the trial the

cut-off took place at 8g in. of the stroke.

Boiler.—Cornish, 22 ft. long, 5 ft. in diameter,

with single hue 32 in. in diameter. The boiler was

fed from the hot well, the water being pumped
through a heater fixed in the boiler flue.

Duration of experiment 10 hours.

Quality of coal used Duffryn steam coal.

Quantity of coal used 11 cwt.

Quantity of water evaporated, 1,108 gallons.

Quantity of water evaporated

per lb. of coal 9 lbs.

Pressure of steam 50.9 lbs. per sq. in.

Mean vacuum 27 in.

Quantity of water thrown off by
condenser per minute 410 lbs.

Mean temperature of water

used for condensing 38°

Mean temperature of water as

discharged from condenser.

.

82°

Revolutions of engine per min.,

by counter 60.03

Power developed (indicated).. 47 H. P.

Power developed, as measured
by brake 40 H. P.

Consumption of coal per hour
per indicated horse-power.

.

2.6 lbs.

Consumption of coal per hour

per dynametrical horse-p'r, 3.06

Ratio of expansion, allowing

for clearance, etc 1 : 8.6

It will be seen, from the above particu-

lars, that the mean vacuum and the indica-

ted power developed, are practically identical

with those obtained during the trial of

Messrs. B. Donkin's engine, and the con-

sumption of coal per indicated horse-power

per hour is also the same. It will be re-

marked, however, that the pressure of the

steam is 10 lbs. higher than during Messrs.

Farcy and Donkin's trials, and that—owing

probably to a better quality of coal being

used—the evaporation of water per pound
of fuel was higher than in the case of these

last-mentioned experiments, being 9 lbs.

against 8.72 lbs., and this circumstance

should, as we pointed out in our previous

article, be taken into consideration in com-

paring the performances of the two engines.

Adopting the far better method of compari-

son proposed by Messrs. Farey and Donkin,

and already fully described by us, we find

that the quantity of heat discharged into

the condenser, per indicated horse-power per

minute, was more than 10 per cent less in

the case of Messrs. B. Donkin and Co.'s

engine, than in that of the engine tested by
Mr. Pinchbeck. Thus, in the latter in-

stance, the average quantity of water dis-

charged from the condenser was 410 lbs. per
minute. This quantity of water was heated
from 38° to 82°, or 44°

; and multiplying

410 by 44, we get 18,040 as the number
which, divided by the indicated horse-power
developed, gives Messrs. Farey and Don-
kin's "constant." In the case of the en~

gine tried by Mr. Pinchbeck, this " con-

- 383.8, while thestant
47

con-

stant" obtained during the trial of Messrs.

B. Donkin & Co.'s engine was 322.87, or

16.2 per cent less. Considering that the

quantity of fuel burnt, per indicated horse-

power per hour, was the same in the two
cases, and that the evaporative value of the

fuel varied but about three per cent, the

above difference of 16.2 per cent in the

quantities of heat respectively received by
the two condensers, appears, at first sight,

somewhat difficult to account for, even if we
suppose that in Mr. Pinchbeck's experiment

the hot well received all the water disr

charged from the steam-jackets. If, how-
ever, we analyze Mr. Pinchbeck's experi-

ment more' minutely, we shall find that the

various results agree very closely, and that

any errors of observation which may have

occurred, must have been very small. If

this had not been the case, we might have

supposed either that the quantity of water

evaporated must have been somewhat great-

er, or the quantity of condensing water

must have been less, or have been less

highly heated during its passage through

the condenser. Thus, 1,108 gals, of water

were evaporated during the ten hours =
1,108 lbs. per hour = 18.46 lbs. per minute,

and, of course, the same quantity of water

returned to the boiler as feed at a tempera-

ture (the feed being taken from the hot well)

of 82°. The total heat of steam, at a pres-

sure of 52 lbs. above the atmosphere, is

1,205.4°, and the quantity of heat with-

drawn from the boiler, per minute, was thus

(1,205.4—82) X 18.46 = 20,737.96, or, say,

20,738 thermal units. If now we suppose

(as was probably the case) that the water

discharged from the steam-jackets found

its way into the hot well, the manner
in which the above quantity of heat would
be disposed of would be as follows : Sub-

tracting from the 410 lbs. of water dis-

charged from the condenser per minute, the

18.4(5 lbs. resulting from the condensation
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of the steam, we get 391.54 lbs. as the

quantity actually raised in temperature 44°,

and 391.54 x 44 = 17,227.76, or, say, 17,-

228 thermal units of heat are thus account-

ed for. Again, the quantity of heat actual-

i * j--* i i^ 33,000X47
ly converted into work would be Wffii•> 77U
= 2,009 units, and there would thus be but

1,501 units to be accounted for by losses by
radiation, etc. The summary would be as

follows :

Thermal units

per minute.

Converted into work 2.009

Imparted to condensing water 17,228

Lost by radiation, etc 1,501

20,738

We have said that the difference of 16.2

per cent in the "constants" obtained in the

two cases we have considered is, under the

circumstances, somewhat difficult to account

for ; but it is no doubt due to the fact that,

not only was the expansion carried to a less

extent, but both the initial and final tempe-

ratures of the condensing water were, in the

case of the engine tested by Mr. Pinchbeck,

lower than in the case of the engine at

Messrs. B. Donkin & ()o., although the

vacuum was the same in both cases. Of the

effect of such differences of temperature and

of the degree of expansion on the " con-

stants " proposed by Messrs. Farey and B.

Donkin, jr., we intend to speak fully on an

early occasion ; and we shall then show that

the fact of such differences having the effect

we have stated, in no way diminishes the

value of the "constants" as standards of

comparison, but, on the other hand, rather

increases it.

FRENCH MILITARY TELEGRAPHS.

Translated for "Engineering" from " La Telegra-
phie Militaire," Paris, 1869.

The following are details of the military

electric-telegraphic apparatus used in the

experiments in the camp at Chalons, last

summer

:

Electric Telegraph.—For military purpo-

ses it is desirable that the apparatus should

not only be simple in itself, but should be

capable of being used in connexion with the

permanent lines of telegraph already estab-

lished. Keeping these ends in view, a mod-
ification of Morse's recorder, constructed by
M. Duguy, from designs furnished by the

Bureau des Telegraphies, and known as Lc

Poste Militaire, was adopted and found to

answer well. This apparatus is contained in

a box, to the bottom of which it is secured

by slides. The manipulator is placed on
the right of the small shelf supporting the

recorder; on the left are the galvanometer
to show the strength of the current, and a

paratonnere to protect the operator from the

shock of unforseen accumulations of electri-

city in the wires in stormy weather. The
sides and front of the box fold down, so as

to permit of the instrument being used with-

out necessitating its removal from its case.

The connection between the stations was
kept up partly by wires, partly by a cable

laid along the ground.

Wires.—These were of copper, 1.6 mil. in

diameter, weighing 22.5 kilog., and costing

about 100 francs per kilom. This wire

proved an excellent conductor, and, with

care, could be used with intervals of 200
and 300 m., or even more, between the sup-

ports.

Cables.—Several kinds were tried. In
the last experiments the cable was formed
of a core of five annealed copper wires, bound
round with white cotton thread, over which
was a coating of gutta-perma, and then a

layer of oakum, the whole being bound round

twice with cotton tape steeped in vulcanized

india-rubber. It weighed 35 kilog., and
cost 320 francs per kilom. It was perfectly

insulated, and a good conductor* When
laid along the ground it suffered little from
wheels and the feet of horses passing and re-

passing over it. But it had serious defects.

It was rather too large in its diameter, and
very weak, stretching sufficiently to injure

the core with a strain of 30 kilog., and
breaking with one of 40 kilog. The wires

of the core were so fine as to be frequently

cut through in removing the covering for

the purpose of splicing.

Supports.—The wires were supported on

light staves called lances, 3 m. 80 c. in

length, 200 of which made a military wagon
load. They were sunk 12 in. in the ground,

and weighed up with wooden pickets.

Where the line made an angle, the lances

were strengthened with guy-ropes, known as

haubans, attached to iron pickets. The
lances could be lengthened by attaching two

or more, end to end, by means of rings called

anneaux de rallonge, fitted with clump
screws.

Insulators.—With spires of india-rubber

made hollow so as to fit over the end of the

lances, and surmounted by a small cylinder



896 VAN NOSTRAND'S ENGINEERING MAGAZINE.

of the same material. The wires were at-

tached to the insulators by a couple of turns.

Iron cramps were also supplied which

could be driven into the ground, or into the

walls and trees en route to support the cable

when used in place of wires.

For the transport of this materiel four-

horse tilted wagons were provided of three

descriptions. Each wagon was supplied

with lamps arranged for external or internal

use, and carried a distinguishing flag mark-

ed with a T in front. The draught in

" marching order " is not stated, neither are

the kinds of timber used in their construc-

tion of the wagons specified. The voiture

poste, or traveling telegraph office, was in

two compartments—the front serving as an

office, the rear containing reels for the wire

or cable. On the left of the front compart-

ment (which was furnished with small win-

dows) was a table, to the top of which was
screwed the case containing the telegraph.

On the right was a seat for two operators,

under which were placed the batteries. The
" earth connexion" was maintained by means
of a wire communicating with the iron axle-

tree, which in its turn was connected by
means of the brass axle-tree boxes, and
a metal rod running along one of the

spokes with the tyre of the wheel. The
connexion was thus independent of the

movements of the vehicle. Where a good
" earth " could not be found the wheels
were wetted from time to time, or the wire

was detached from the axle-tree, and tilted

to a hollow iron picket provided with holes

and filled with water,* which was driven

into the ground under the wagon. This
could of course be done only during a halt.

The other wire was connected with the

metal work supporting the reels, and through
it with the iron cheeks of the latter, against

which one end of the wire or cable was
clamped. These two wires, like those con-

necting the telegraph with the batteries,

were of copper coated with gutta-percha.

The contact was secured each time the tele-

graph was put in work, by means of small

brass button-headed screws, known as bomes,
serres fils, and serrees lames.

The sides of the front compartment were
fitted up with drawers and pockets for car-

riage of spare stores, etc. The hind com-
partment held eight reels, four on either

side. The cores, cheeks and axles of these

* A supply of water was carried in a small gutta
percha cistern fitted in rear of each wagon.

reels were of iron, the other parts of wood.
The axles revolved in sockets fixed on two
iron rails running along the sides of the com-
partment, and known as chemins dc fer.

Some ingenious arrangements were provided
for regulating the motion of the reels, and
protecting the hands of the men working
them.

Each reel carried 5 kilom. (130 kilog.) of

wire if required. But as 90 kilog. had been
found to be about the maximum weight of a

reel to be perfectly manageable, it was con-

sidered preferable to have 2 to 3 kilom. only

on each, or 1 kilom. of the cable above de-

scribed. The total interior length of the

voiture poste was 3 m. 20 c.

The chariot poste-bobine, or wire wagon,
was similar in exterior to the above, but

somewhat longer, the interior length being

3 m. 90 c. It carried twelve reels, six on
a side, each having 3 kilom. of wire. The
lances, thirty or forty in number, were rack-

ed longitudinally between the two rows of

reels. Each wire wagon carried also a sup-

ply of pickets, wood and iron, insulators,

ropes, &c, &c.

One voiture poste with its accompanying
chariot poste-bobine was estimated to carry

a length of wire equivalent to an average

day's march of 20 kilom. (or 12-J miles.)

The poste centrale resembled the voiture

poste without the reels, the whole interior

being fitted up as a telegraph office. Two
ateliers, or squads, each consisting of one

sergeant, two corporals, and twelve soldiers

—exclusive of drivers, buglers, &c.—were
told off to each voiture poste with its accom-
panying wire wagon.

In addition to the arrangements above de-

scribed, an equipment for mountain service

was provided on the following plan—this

was called the poste roulante :

A mule or pack-horse carried two pan-

niers, one on each side, one holding the tel-

egraph apparatus, the other the battery, the

weight of the two being equal ; each case

being also provided with drawers for the

carriage of insulators, cramps, &c, so ar-

ranged as to allow of their being opened
without removing the panniers from the

mule's back. Across the top was packed a

small light square tent, to serve as an office,

and a tripod table for the apparatus, an iron

picket for " earth connexion," and a bag of

tools. A second mule or horse carried two
reels with their supply of wire, slung pan-

nierwise across a pack-saddle by means of

chains.
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As the unwinding of the reels on the

mule's back would not only alarm the ani-

mal, but also disturb the balance of the

load, a small wheelbarrow was also provid-

ed, light enough to be lifted up in the hands

if necessary, and fitted to receive one pair

of reels. The mallet required for driving

the picket could be used as a handle, so as

to enable a man to push the contrivance be-

fore him without stooping.

This little barrow often proved of great

service, even with the wagons, in passing

over broken ground. In crossing streams,

too, it could be placed in the stern of the

boat, thus greatly facilitating the " paying

out " of the cable.

The operation of laying down the line was
conducted as follows : A wire-wagon, follow-

ed by its voiture poste, marched first, both

wagons halting from time to time to allow

of the working party keeping a little ahead
of them. The signals for advancing and
halting were given with a whistle. The
working party usually consisted of one ate-

lier (15 men) divided into three subdivi-

sions, and without arms or packs.

The sergeant marched at the head, mark-
ing out the line foot by foot. The first sub-

division followed, digging the holes for the

lances usually at 50 to 60 m. apart, or when
cable was used, digging the little trenches

to receive the latter at points where roads

had to be crossed, fixing the cramps for its

support at distances varying in accordance

with the nature of the ground, &c. The sec-

ond party unwound the wire or cable, making
the splices and joints. The third then attach-

ed the wire to the lances fixing the latter ; or

laid out the cable, filling in the trenches

where such were made for it, and finishing

the line generally.

The work was very arduous. The aver-

age rate obtained on the most favorable

ground was two kilom. the hour with sus-

pended wires, and five kilom. with cable.

In passing villages, &c, double the above
time proved requisite.

For taking up the line, five or six men
marching in inverse order were sufficient.

The rapidity with which this manoeuvre was
executed equaled and sometimes exceeded
that of ordinary route marching.

In joining the lengths of cable, the cov-

ering was first removed and an elastic india-

rubber tube slipped over one length, the

wires were then spliced and the india-rub-

ber tube drawn over the joint and secured

by tying down the ends firmly with twine.

Vol. I—No. 10.—59.

This was found to answer perfectly ; but as

the tying process took up some little time,

small cylinders were sometimes substituted

for the india-rubber tube. These contained

two india-rubber discs having holes in them

for the passage of the cable, and hollow

screws at each end working against them.

The screws were made hollow so as to allow

of the passage of the cable through them.

The splice was made in the ordinary way,

the tube drawn over the joint and the discs

compressed round the cable by the action of

the screws. A joint could be thus made in

thirty seconds. It was found, however, that

the vibration of the cable loosened the

screws and allowed water to leak into the

joints.

The experiments at Chalons were con-

ducted by a corps formed provisionally of

detachments of the different regiments in the

camp, under the superintendence of some

officers of the Etat Major, assisted by some

employes of the Administration des T6le-

graphes. They were of various kinds. On
one occasion when a series of manoeuvres

were executed in presence of the Emperor,

parties of the telegraph corps accompanied

each division. Communications were kept

up between the divisions and the head-quar-

ters, and with the telegraph station at Mour-

melon through which despatches were trans-

mitted to Paris. On another occasion a

party of the corps, with a voiture poste and

wire-wagon, accompanied a cavalry recon-

naissance to a distance of 8 kilom. from the

camp. They laid down a line of telegraph,

transmitted several reports to camp, and

took up the line again in time to .re-enter

the camp with the cavalry.

The crowning experiment was made on

30th July. A party of the telegraph^corps,

consisting of four officers, two civil employes,

70 men, five wagons, including a forage cart

with the baggage, and 30 horses and mules,

marched from the camp at midnight with

provisions for two days. A line of wire, 7 or

8 kilom. in length, had been established the

evening before. The night was very dark.

The party arrived at its destination at 1a.m.,

and immediately commenced the prolongation

of the above line, with the aid of lanterns. By
6 A.M., 24 kilom. of line had been completed,

and guards established along it. The party

bivouacked at Perzy. The line remained in

use 36 hours. At 5 A. M., on 1st August,

they started again for Chalons, and re-en-

tered the camp at 10.30 A. M., having brought

in the whole of the line of telegraph.
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These experiments were considered highly

satisfactory. We learn, however, that the

Imperial Government has not considered it

expedient to establish a separate corps for

telegraphic purposes at present ; the mate-

riel has accordingly been made over to a

company of the Corps du Genie, by whom
the duties are in future to be performed.

WHITE PIG-IRON m THE BESSEMER
PROCESS.

By Dr. Adolph Schmidt.

It has been found by numerous experi-

ments, made and repeated in all iron and
steel making countries, that white or even

mottled pig-iron cannot be worked to ad-

vantage in the Bessemer converter. The
most celebrated brands of Bessemer pig are

gray and graphitic to such an extent as to

be almost unfit for foundry purposes. When
white or mottled iron is used in the Besse-

mer process, the first or slag-forming period,

which with good working irons, lasts from
nine to twelve minutes, passes over in five

or six, and as the duration of the second

and third periods is generally unchanged,
the whole charge is thus shortened about

five minutes. In the second or boiling

period of the process, when the carbon is in

full and rapid combustion, and a bright

flame with sharp outlines is rushing through

the mouth of the converter, white iron

causes vehement eruptions, and thereby

considerable losses of metal.

During the third or finishing period, the

flame appears then mostly dull and pale, in-

dicating, a comparatively low temperature of

the metal in the converter. The reaction

of the recarburizer is slow and weak. The
final product, though sometimes of a bright

appearance in pouring, chills easily in con-

tact with less hot objects. Parts of it stick

to the interior walls of the converter, espe-

cially near its mouth, and a heavy scull in

the ladle is unavoidable. It is evident that

a favorable percentage of ingots cannot thus

be obtained.

The product is, besides, not of a very

good quality. Though the white iron may
be good and pure, the Bessemer metal made
from it shows frequently this peculiarity

—

that it can be worked perfectly well at a red

heat or at a white heat, but that it cracks

and even crumbles to pieces when hammer-
ed at an intermediate or yellow heat. This

deterioration by a yellow heat goes in single

instances so far as to make a bar, which is

heated yellow, break off in being simply
bent. This peculiarity, which no other but
Bessemer metal ever shows, is often the
consequence of a cold charge. It has been
called " shortness " in Sweden and Austria,

where it sometimes occurs with the best

brands of iron. After the analogy of the

word "red-shortness," which is in general

use, " yellow-shortness " would perhaps be
a more appropriate expression.

The effects above described are produced
by most white or mottled pig-irons when
subjected to the pneumatic process, the

spiegeleisen not excepted.

The short duration of the charge, and the

coldness of the product, leads us to suppose
that a lack of carbon might be the cause of

all this. If not only carbon is taken into

consideration, but also silicon, sodium,
potassium, aluminium and other ingredients

which, at moderate temperatures, have more
affinity for oxygen than carbonhas, this sup-

position appears to be well founded. For,

though a good white iron contains generally

nearly or quite as much carbon as a gray
iron, the latter, however, being made at a
higher temperature, always contains a much
greater quantity of silicon and other matters

which require a high temperature to be
reduced, and the total percentage of car-

bon and silicon, etc., is always higher in a

good gray iron than in a good white iron,

provided that the latter has not been made
white artificially by sudden cooling in water

or in iron molds.

When an iron containing a considerable

amount of silicon is worked in the Besse-

mer converter, four-fifths of the silicon and
only one-third of the carbon are burnt dur-

ing the first period, which takes over one-

half of the time of the whole charge. It

is seen, from this fact, that the greater part

of the carbon is saved for the latter half of

the charge, and can then exert its full heat-

ing power on the iron, the latter being

heated up slowly and gradually by the

previous combustion of the silicon. When,
on the contrary, a pig-iron without silicon

is converted, the carbon enters very soon

into full combustion. The difference be-

tween the temperature of the gases pro-

duced and that of the molten iron is then

so great, that the rapidly escaping gases

carry off uselessly a great quantity of heat

which otherwise might benefit the iron, and
the greater part of the carbon is consumed
before the time when the heat would be

most required and most useful.
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The heat produced by the burning silicon

is also more fully utilized than that pro-

duced by the burning of the carbon, because

the product of the combustion of silicon,

viz: silicic acid is not gas, but a solid sub-

stance, and does not escape rapidly, but

combines with the slag, and is thus retained

in the converter, where it has ample oppor-

tunity to communicate its surplus heat to the

metal.

It seems, therefore, that not eiactly a

lack of carbon alone, but that a lack of

"fuel" in general, that is to say, too small

an amount of all the substances which by
their combustion produce the heat in the

Bessemer process, is the real cause why
white or mottled pig-iron cannot be worked

to advantage. Guided probably by these

considerations, Mr. Edward Stockher, gene-

ral director of the Imperial Iron and Steel

Works at Neuberg (Styria), has conceived the

idea of adding fuel to the Bessemer charge

in case the pig-iron should not be sufficient-

ly gray to make a hot charge by itself. He
proposed, and tried with success, blowing

charcoal dust into the converter.

The first trials were made in 1867, and

since that time charcoal has been used regu-

larly in almost all the charges. At Neuberg,

the pig-iron is generally run from the blast

furnaces into the converter without being

remelted. The iron must be highly graphi-

tic to make hot Bessemer charges and to

produce a good metal. To insure this de-

sirable effect, independently of the unavoid-

able little irregularities in the blast furnace,

a great amount of charcoal had to be used

for the production of the pig-iron, and the

furnaces had to be conducted with the ut-

most care. Since the introduction of Mr.
Stockher's method of blowing charcoal dust

into the converter, a saving of 22 cubic ft.

of charcoal is effected per ton of iron with-

out injuring the quantitative or qualitative

results of the Bessemer process. A sample

of the pig-iron is taken and inspected be-

fore each charge, and the less gray and
graphitic it is found to be, the more char-

coal dust is blown into the converter.

When this operation is properly regulated

and managed, the charcoal dust is burnt in

the converter below the surface of the iron,

and increases the heat to such an extent

that excellent results are obtained from
mottled pig-iron. The quantity of charcoal

dust used varies from 60 to 200 lbs. in a

charge of three tons.

According to a communication, received

through the kindness of Mr. Edward Juch-
elka, at Neuberg, the apparatus used for the

purpose consists of an upright wrought-iron

cylinder, ending below in a narrow pipe by
which it is connected with the main blast-

pipe. The connecting pipe is provided with

a cock. The required quantity of charcoal

dust is put into the cylinder from above.

The cock in the connecting pipe being

closed, the cylinder is then shut tight at the

top by an iron plate, which is screwed on to

it. When the blast is let on and the con-

verter is turned up, the cock is opened.

The charcoal dust is then blown into the

converter together with the air. This is

distinctly noticed by the appearance of the

flame. When, after some time, the blast

ceases to carry charcoal dust into the con-

verter, as it often happens, this is also no-

ticed at once and easily helped. The blast

valve is then shut down entirely for a few
seconds. The pressure of the blast depend-

ing during this time on the pressure in the

accumulator only, sinks rapidly from 20 lbs.

down to 14 or even to 12 lbs., and when,
after this, the valve is reopened, the blast

continues to draw charcoal dust from the

cylinder. As a general rule the pressure of

the blast must be kept pretty high, because

with a low pressure the charcoal is not burnt

in the converter below the surface of the

molten metal, but is carried through un-

changed, and burns afterwards uselessly in

the stack.

. In November and December, 1868, some
attempts were made at Neuberg to use graph-

ite instead of charcoal dust, according to the

suggestions of Mr. H. Brunner, teacher at

the Leoben Mining School. As highly

graphitic pig-irons work best in the Besse-

mer process, Mr. Brunner thought that

graphite might be more effective than char-

coal when blown through the iron. But
this idea is based on the probably erroneous

supposition that gray pig-iron, even when
in a molten state, contains a considerable

amount of carbon in the shape of graphite.

However, all the well-known phenomena
connected with the chilling of pig-iron,

seem to prove that in gray pig-iron, when
melted, nearly all the carbon is combined or

dissolved, and that it is not present then in

the shape of a solid graphite. When gray

pig-iron is melted and poured into cold

water, it appears white, because sufficient

time is not left for the carbon to separate

from the iron and to crystallize as graphite.

The iron is then retained in about the same
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molecular condition and construction whicn

it had in its fluid state.

A report on the experiments made with

graphite, by Mr. J. Schmiedhammer, the

chief engineer and technical manager of the

Neuberg works, is published in " Oestr.

Zeitschrift," 1869, No. 23. This report is

the more interesting, as it compares the

results obtained with graphite with those

obtained by the use of charcoal dust.

Mr. Schmiedhammer reports as follows

:

" The experiments were made in the small

converter, to get the charges as small as

possible. The graphite used was of the

best quality, and finely pulverized. In the

first charge 50 lbs. of graphite were blown
into the converter, that is, about one per

cent of the pig-iron. In the three follow-

ing trial charges, two, three, and four per

cent of graphite were used. Immediately
after the third, and again after the fourth

trial charge with graphite, another charge

was made with the same pig-iron, and under
the same circumstances, except that charcoal

dust was used instead of graphite. The pig-

iron was taken from the available stock, and
was melted with coke in a cupola furnace.

The pigs were carefully selected and of uni-

form appearance. The iron was mottled

and of such a composition that it became
white when cast into iron molds.

The results of the six experimental

charges (four with graphite and two with

charcoal dust) are contained in the follow-

ing table

:

In comparing the results contained in the
above table we are led to the following con-
clusions : Graphite, when blown into the
converter, does not remedy to a lack of car-

bon in the pig-iron. The graphite seems to

burn but incompletely, if it burns at all.

This fact is also indicated by the flame,

which has a more or less dull and cloudy
appearance in proportion as graphite is

used.

Graphite does not lengthen the first period

of the process. This is, however, done by
the charcoal dust, the use of which there-

fore counteracts the disposition of mottled
pig-iron towards producing vehement dis-

charges from the mouth of the vessel.

Graphite is not able to make a charge

with mottled iron hot enough, not even
when the iron is very hot in being run into

the converter.

The product obtained with graphite has
all the qualities of a metal resulting from a

cold charge. It chills easily, and is short

at a yellow heat. The slag is pasty and
tough, and not very fluid. Great losses are

caused by discharging and sculling.

With graphite the pressure of the blast

has to be diminished considerably during the

second period, to avoid too copious dis-

charges. This is necessary but to a very

small extent when charcoal dust is used.

The charges, Nos. 905 and 950, made
with mottled iron and charcoal dust, were as

regular and good as if gray iron had been
used. The duration of the first period was

— .
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In charge 895. a small quantity of pig-iron was used for recarburizing, because the loss of metal from discharging was
considerable.

In charges 949 and 950, a large quantity of pig-iron was used for recarburizing, with the intention to produce a harder
grade of metal.
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normal. The metal proved to be of good
quality. The slag was very fluid."

From this report, and from the fact that

Mr. Stoekher's method is in continual and
successful use at Neuberg, we may infer

that to work mottled iron by the Bessemer
proeess, fuel is required, and that this fuel

must be such as to burn readily with air at

a moderate temperature.

Some kind of gaseous fuel, for instance,

ordinary illuminating gas, when used with

the necessary precautions against explosion,

would perhaps make it possible to convert

even a white pig-iron to advantage into Bes-

semer metal. The economy of such a

proceeding would depend on local circum-

stances.

MODERN ORDNANCE.
From the opening address of Sir William Gr. Arm-
strong before the Institute of Mechanical^Engi-
neers, at Newcastle.

"When battles were fought hand to hand,

war, so far as mechanics are concerned, was
an affair of muscular force, and was in that

form the most sanguinary, because combats
were the most close. When other forces

were called into play, inventive appli-

ances became necessary, and these, as they

have advanced, have more and more widened
the distances separating combatants, and
have thus operated to prevent that greater

sacrifice of life which would otherwise have
resulted from the employment of more de-

structive weapons. It is, therefore, not to

be supposed that future wars will be ren-

dered more murderous by the intervention

of the engineer ; on the contrary, we may
fairly anticipate that the more the element

of intelligence supersedes that of animal
force in military struggles, the more will the

barbarity of war be mitigated. Science

naturally sides with civilization, and tends to

establish a supremacy over barbarism, and
we find this tendency, as in the case of the

late Abyssinian war, not only giving over-

whelming superiority to the cause of civili-

zation, but deciding the issue with the least

possible waste of life. But whatever our

sentiments may be in regard to war, it would
be absurd to contend that we ought to with-

hold from invention, when the object sought
to be attained is the destruction of life and
property. It is our province, as engineers,

to make the forces of matter obedient to the

will of man, and those who use the means
we supply must be responsible for their

legitimate application.

It will be in the recollection of the mem-
bers of this institution who visited the Els-

wick works on the occasion of the last meet-

ing at Newcastle, that two or three small

breech-loading rifled guns were shown to

them as novelties deserving their attention.

Those guns had then very recently received

the recognition of the British Government,
and may be regarded as the small beginnings

of a system of ordnance which has since at-

tained a very extensive adoption in this and
other countries. It was not until the prin-

ciple of rifling was adopted for military fire-

arms, that these weapons presented much
scope for the mechanician's art, but the in-

troduction of rifling, and the change in the

form of the projectile from a sphere to a

pointed cylinder, brought about a complica-

tion of new conditions which it has required

years of research and experiment to meet
and satisfy. Passing over the subject of

rilled small arms, which of late has called

forth a great amount of ingenuity and skill,

I will speak of artillery, as being that di-

vision of gunnery with which I am person-

ally connected.

The most important of all the considera-

tions affecting modern artillery, is how to

obtain the strongest possible tube with the

least possible weight. Before 1 state my
views as to the best mode of attaining this

object, I must call attention to the condi-

tions affecting the force to be resisted.

When a charge of powder is fired in a gun,

it is converted into gas at an exceedingly

high temperature, and the pressure exerted

is due, even in a greater degree, to the heat

than to the quantity of gas produced. But
the heat evolved is not wholly realized in

augmentation of pressure, a considerable

part of it being absorbed by the material of

the gun. The heating of a gun by firing is

an effect familiar to every one, and it affords

an indication both of the quantity of heat

abstracted from useful effect, and also the

amazingly high temperature of the gas be-

fore it escapes from the gun. Fifty rounds

fired in quick succession from a field-piece,

will make it so hot that it cannot be touched.

Since the flame is only in contact with the

bore for about the 150th part of a second

at each discharge, it follows that the aggre-

gate duration of the flame contact by which

the gun is thus heated in fifty rounds, only

amounts to one-third of a second. The thin

film of heated matter deposited on the sur-

face of the bore at each discharge, contri-

butes, in some measure, to this rise of tern-
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perature ; but we may regard the acquisition

of heat from this source as fully neutralized

by the cooling of the gun in the intervals

occupied by loading. Thus, then, you
will be able to appreciate both the intensity

of the heat of the gas and the extent of the

waste by absorption. In small guns the

area of absorbing surface surrounding the

charge is greater in relation to the mass of

the charge, than it is in larger guns. There-

fore, the waste caused by the heating of the

gun is also relatively greater, and the gas

never attains either the same heat or the

same pressure in the smaller weapon as in the

larger. But the greater heat attained in a

large gun, adds to pressure not only directly,

by expanding the gas, but indirectly, by ac-

celerating the combustion of the powder.

The powder must be regarded as fuel burning

in a furnace, and the hotter the furnace is the

quicker the fuel will burn. You will per-

ceive, then, that the pressure of powder-gas

per unit of surface is augmented by increas-

ing the size of the gun, apart from all con-

siderations regarding the projectile. But
the pressure of the gas is further increased

in large rifled guns by the great length of

column represented by the projectiles. The
resistance increases with the length of the

projectile, and the pressure rises with the

resistance. Augmentation of pressure is

also caused by the rifled projectile having to

acquire motion of rotation in addition to

that of translation, though the increase of

resistance, and of consequent pressure due
to this cause, is not so considerable as is

commonly supposed. For these various rea-

sons, the introduction of the rifled principle,

and the enormous increase of size demanded
in modern ordnance, combine to intensify

that pressure to a degree which taxes our

utmost resources to control. The limit of

the pressure actually reached in rifled guns
of the largest size, when fired with English

service powder, is not yet fully ascertained,

but it is probably not less than 70,000 lbs.

on the square inch.

Now comes the question of what construc-

tion is best adapted to resist so inordinate

a strain. It was long since demonstrated

by Professor Barlow, that a cylinder, to

possess the greatest possible resistance to a

bursting force, must, when out of action,

have its interior in a state of compression,

and its exterior in a state of tension. He
further proved it to be necessary that the

internal compression should diminish in an
outward direction, and the external tension

in an inward direction, up to an intermedi-

ate zone of neutrality. If these conditions

were neglected, he showed that in a very
thick cylinder, the material forming the in-

terior portion would be stretched to the

breaking point before the exterior portion

acquired any considerable tension. The in-

terior, therefore, would be overstrained,

while the exterior would be understrained,

and the aggregate resistance would necessa-

rily be less than if all parts were doing full

duty. This reasoning is the foundation of

the argument in favor of built-up guns, in

which every layer of the material is stretched

upon the layers beneath, and the finished

structure is in the condition of internal com-
pression and external tension, demonstrated
by Barlow to be that of greatest strength.

The Americans have endeavored, with

partial success, to realize the advantage of

this principle in cast-iron guns, by cooling

the inside first, and allowing the external

portion of the metal to shrink upon the har-

dened interior. The Rodman cast-iron gun
is made upon this principle, and considering

the nature of its material, has, in some ex-

amples at least, exhibited great power of

resistance, though not suflicient to enable it

to be used for heavy ordnance in the rifled

form.

Where forged material is used for the

fabrication of guns, this condition of out-

ward tension and inward compression is un-

attainable except by the application of the

material in successive layers, each stretched

on those below. Considerations of economy
or convenience may supervene to reduce the

number of layers, as in the Fraser modifi-

cation of coil-made guns ; but theoretical

perfection will be most nearly reached in

that gun which is composed of the greatest

number of layers. To attempt to forge large

guns in single blocks, is a direct violation

of established theory, and the general fail-

ure which has attended such attempts, is a

practical proof of the truth of the theory.

The next point to consider is the best kind

of material for the fabrication of guns. In

determining this question, the choice clearly

lies between steel and wrought-iron. I say

this with no disparagement of Major Pal-

liser's system of adapting cast-iron smooth-

bore guns for rifling, by introducing a tube

of coiled wrought-iron, but this method has,

hitherto, only been applied with success to

guns which, though formerly classified as

heavy ordnance, are dwarfed by comparison

with the ponderous guns of the present day.
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For these we require the greatest strength

we can attain, and cast-iron cannot possibly

be regarded as so efficient for enveloping the

internal tube as either wrought-iron or steel.

In discussing which of these two materials

is best, I shall be trespassing on controver-

sial ground. Krupp and Whitworth, both

great names in guunery, though diifering

widely in their views on other points, agree

in this, that steel is the right material for

the entire gun. I, on the other hand, have

always advocated wrought-iron in the form
of welded coil for the chief mass of the

gun, limiting the use of steel to the inter-

nal tube, which has abrasion to resist as

well as tensile strain. The expression of

my opinion upon this point may probably

not be considered impartial, but I will never-

theless state the grounds upon which my
preference of wrought-iron thus applied is

based. It has been found both in Elswick
and Woolwich guns, that whenever failure

takes place, it almost invariably originates

with that part which is made of steel. It

is the steel tube which is nearly always the

first to crack. So, also, when the vent-

pieces or closing blocks of the breech-load-

ing guns were made of steel, their fracture

was alarmingly frequent, but since wrought-

iron has been substituted, such occurrences

are rare. The conclusion, therefore, at

which I long since arrived, and which I still

maintain, is that, although steel has much
greater tensile strength than wrought-iron,

it is less adapted to resist concussive strain.

This conclusion is in strict harmony with

the fact that armor-plates made of steel

have proved on every occasion of their trial,

greatly inferior to plates of wrought-iron.

The experiments which I made some years

ago on the toughening of steel in large

masses, by immersion, when heated, in oil,

led me to expect that this fragility would be

obviated by that process, and I felt sanguine

that I should be able by such treatment to

produce steel armor-plates of extraordinary

resisting power. An armor-plate of steel

was accordingly manufactured for experi-

ment, and was tempered in a large bath of

oil. Its quality was tried by test pieces cut

off after tempering, and proved by tension

and bending. The results showed a very

high tensile strength, combined with so

much toughness, that I was unable to match
its bending power by any sample of iron I

could compare with it. The plate was then

sent to Portsmouth for trial, in the fullest

confidence of its success, but two shots from

a 68-pounder sufficed to break it in various

directions, and it was justly pronounced a

failure.

With these experiences before me, it is

impossible that I can hold any other opinion

than that the vibratory action attending ex-

cessive concussion is more dangerous to steel

than iron, and were it not necessary to pro-

vide a harder and more homogeneous sub-

stance than wrought-iron for the surface of

the bore, I should entirely discard the use

of steel for the manufacture of ordnance.'

I do not mean to contend that very strong

guns may not be made of steel, but I am
convinced that failures will be more frequent,

and, I may add, more disastrous, with steel

than with iron, when the conditions of trial

are the same. The want of uniformity in

the quality of steel, continues to be another

serious objection to its use ; and, in addition

to all these considerations, the element of

cost is greatly in favor of the wrought-iron

coil construction over every mode of manu-
facture in steel.

I will now offer a few remarks upon the

interesting question of the probable future

of guns. Upon the solution of this question

depends the pattern of future ships, and
also the policy of continuing or abandoning

the struggle of armor-plates against guns.

From my previous remarks on the increase

of pressure with which we have had to con-

tend as we have increased the size of our

guns, it might be inferred that we were now
nearly reaching a limit, beyond which the

strength and endurance of our material

would not enable us to pass. I am not pre-

pared to say how far we could have advanced

under the recently existing conditions ; but

certainly every increase of size would have

been attended with increase of difficulty.

A new light, however, has just dawned
upon the subject, which entirely alters the

prospect. It has become apparent that the

power which we have been using can be so

modified as to produce the required effect,

with greatly less strain upon the gun. It

may appear paradoxical that there should be

a limit to the theoretical advantage of in-

creasing the initial pressure of the gas

evolved in the gun, but the apparent anom-

aly will disappear on examination. The
action of expanding gas in a gun is analo-

gous to that of expanding steam in the cyl-

inder of a steam engine, and we all know
the advantage, in the case of steam, of

having a high pressure to begin with, pro-

vided a steam jacket bo used to maintain
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the material of the cylinder at a temperature

equal to that of the entering steam. But
in a gun we can have no provision analogous

to the steam jacket, and it would appear

that it is owing to the necessary absence of

such a provision that there is a limit to the

increase of initial pressure, beyond which
no gain of propelling force is realized.

Perhaps I shall not be fully understood

without explaining this curious and impor-
tant subject in a more definite manner, and
I will therefore endeavor to do so. The
force exerted in a gun bears a certain rela-

tion to the heat evolved by the gasification

of the charge. The greater the heat the

greater the force, for heat is nothing more
than unexpended force. I have already al-

luded to the loss of heat by transmission to

the gun, and it is evident that this transmis-

sion must be greatest in amount when the

heat of the gas is highest. By using a

slower burning powder, less heat and pres-

sure are evolved at first, and the waste of

heat in the stage of initial pressure being

less, more heat remains for expansive action.

Hence the slower burning powder is weaker
at first, but stronger afterwards, and al-

though the total quantity of gas be only the

same, and the pressure not so great at any
point, yet the aggregate pressure throughout
the bore may equal that of the more ener-

getic and more dangerous powder. This

would not be so if the gun, like the steam-

jacketed cylinder, could be maintained at

the maximum temperature of the elastic me-
dium within. But in the case of the gun,

that temperature would be far above the

melting point of its own material.

It is only lately that attention has been
strongly directed to the powder question in

England. In Russia and Prussia, where
great efforts have been made to obtain endu-

rance with large rifled guns, powder similar

in granulated form to that used in England,
has long been wholly discarded and super-

seded by powder stamped into prismatic

blocks, which burn more slowly; but al-

though we have erred in using a powder for

our new ordnance, so violent as to be justly

designated " brutal," by the French, yet

we have this satisfaction, that the ordeal

which our guns have sustained with our se-

verer powder, affords an assurance of strength

which we could not have had if they had
only withstood the mild description of pow-
der with which alone continental guns have
been successfully tried. Attention is now
fully awakened to the subject, and a scien-

tific military committee is conducting exper-
iments upon the force of different descrip-

tions of powder.
In these experiments the pressures exerted

in every part of the gun are determined, by
the use of an instrument of exquisite deli-

cacy, invented by my friend aud partner,

Captain Noble. This instrument, which is

a happy combination of mechanical and
electrical action, indicates the velocity at-

tained by the projectile at any number of
points in the gun, and from these velocities

the pressures are deduced by calculation.

Thus a diagram of pressure can now be ex-

hibited for gas in a gun, as well as for steam
in a cylinder, and I think you will agree

with me in regarding this result as no small
triumph of mechanical science. The miti-

gation of initial pressure, which is now
known to be compatible with the mainte-

nance of efficiency, opens a new future for

guns, and removes all doubt as to the prac-

ticability of increasing their size and power
to an extent which it would be vain to fol-

low on the side of the defense by increase

in the thickness of armor.

No present armor-clad vessel is proof

against present guns, and there is not the

slightest probability that future armor will

be proof against future guns. Ships of the

Warrior class can already be pierced with

shot or shell, fixed at considerable ranges,

by even second-class guns, and the still

stronger ships, now in course of construc-

tion, are pretty sure to be similarly over-

taken in a very few years. Unless armor be
invulnerable, it is of very doubtful advan-
tage as a defense. It will, perhaps, prevent

the entrance of shells, containing large burst-

ing charges, but- on the other hand the pas-

sage of a shot through the thick side of an
armor-clad, carries with it a mass of frag-

ments that would act with terrible effect

upon the crew. If we cannot stop a shot,

the next best thing is to facilitate its passage

through.

Wooden ships are out of the question, be-

cause they are combustible, but we may have
ships of iron without the armor. Whatever
weight we carry as armor, we lose as arma-
ment, and if we lessen the offensive power
of a ship, by loading her with armor, we
ought to be very sure that the armor will

realize its defensive purpose.

The efficiency of modern ordnance against

armor-plate is dependent, not only on the

power of the gun, but also upon the mate-

rial and form of the projectile. Ordinary
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cast iron proved absolutely useless for pro-

jectiles to be used against thick armor-

plates, and until Major Palliser applied the

process of chilling to the manufacture of

east-iron projectiles, there was every reason

to believe that hardened steel was the only

material that could be used for this purpose

with effect. The process of chilling gives

extreme hardness to cast-iron, but, in point

of toughness, a chilled cast-iron shot is in-

ferior to one of steel. Steel, however,

though much less liable to break, is more
easily crushed ; and this brings me to notice

a curious evidence of difference in the

amount of the penetrative power lost by
crushing and by breaking. A crushed pro-

jectile is always much less heated by the

blow, but the fragments of a chilled projec-

tile remain cool. Hence, we see that crush-

ing detracts more from the power of a pro-

jectile than breaking, because the heat de-

veloped in a projectile by striking a plate,

is a criterion of the amount of force ex-

pended upon the projectile, instead of the

plate. We accordingly find that a Palliser

shot breaking by impact, will nevertheless

pierce more easily than a steel shot which
remains whole, but yields to crushing.

As to the proper form of head to be given

to the projectile for piercing armor, you will

remember that a few years ago this question

was hotly contested between the supporters

of round heads and flat heads ; but, as often

happens in the case of human contentions,

not limited to the sphere of mechanical en-

gineering, both parties were afterwards

proved to be wrong. When Major Palliser

brought forward his chilled projectile, he

advocated a pointed head, and with the new
material he was found to be right. Major
Palliser has competitors on the Continent,

whose claims I cannot pretend to weigh, but

in this country, at all events, he is entitled

to the honor of improving both the material

and the form of the projectile, thereby

greatly increasing the penetrative power of

our artillery, and, at the same time, effect-

ing an enormous economy in the manufac-

ture of projectiles.

The most legitimate use of instruments of

war is for the purpose of home defense, and
I, therefore, proceed with satisfaction to

notice a class of inexpensive vessels requir-

ing no armor, and adapted to render the

heaviest artillery available for the protection

of our shores and harbors. Until very re-

cently, there seems to have been an impres-

sion that large guns required large vessels to

carry them ; but the fallacy of this idea has
been practically shown by the proving barge

of the Elswick works, which is a mere
floating gun carriage. This little vessel,

which is only sixty tons burden, is continu-

ally used, without difficulty, for the trial of

twelve ton guns at sea, even when the swell

is considerable. This proving barge was
the origin of Mr. Rendell's idea of the now
well known gunboat Staunch.* The Els-

wick barge has no steam power, and thus

represents the minimum of size ; but the

Staunch is provided with steam power, both
for propulsion by means of twin screws, and
for working her twelve-ton gun. She is,

therefore, somewhat larger than the Elswick
barge, and yet so small as to be very inex-

pensive, and at the same time a very diffi-

cult mark to hit. To burden such a vessel

with armor, would at once increase her size

and her cost, thus rendering her more easy

to hit, and more expensive to lose. A sim-

ple screen might, perhaps, be advantageously
applied as a protection against shrapnel;

but thick armor, if used at all, should be

reserved for ocean ships. I have so recently

published my views on the subject of this

vessel, that I need not now repeat them fur-

ther, merely observing that guns of the

largest size now made, or ever likely to be

made, may be mounted in vessels similar to

the Staunch, without increasing their ton-

nage in more than a proportionate degree.

Another recent invention, highly favora-

ble to defense, is the celebrated gun carriage

of Captain Moncrieff. By the ingenious ar-

rangement of the carriage, the recoil of the

gun operates in a downward direction, and
in descending it lifts a counterweight, which,

when liberated, after loading, raises the gun
again to the height necessary for firing over

the edge of a parapet. By this mechanism,

the gun is handled with almost perfect se-

curity to the men, and is itself exposed in

the smallest possible degree, and only for a

few seconds while being fired. No embra-

sures being required, the gun is not re-

scricted in lateral range. This is the char-

acteristic advantage of the barbette system

of mounting guns, which has, however, the

fatal objection of exposing both guns and
gunners. Embrasures are always a source

of trouble in fortifications. They not only

* The idea of floating, self-propelling gun carriages,

was original with the late Edwin A. Stevens, one of

the projectors of the " Stevens Battery," and the

first practice in this direction was that of the Stevens

gunboat "Naugatuck," during the late war.

—

Ed.
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admit but guide projectiles into the fort at

the very points where guns are placed. In

iron defenses, the opening for the gun is

even more objectionable. Not only does it

weaken the whole structure, but it serves to

break up cast-iron shot striking on the edge,

and thus to occasion terrible destruction in-

side. I may state as a fact, communicated
to me by a Brazilian officer, on whose testi-

mony I rely implicitly, that in the late Par-
aguayan war, in which he was engaged, he

saw whole gun crews swept away in the Bra-
zilian iron-clads, by common cast-iron round
shot, contemptible for piercing even the

weakest armor, but which, striking the edge

of the port, entered the ship in a torrent of

fragments. The Moncrieff gun carriage

gives great additional value to earthworks,

and, in fact, may be used in mere pits which
would be wholly invisible to an enemy. It

would probably also prove to be available in

combination with iron defenses, as a means
of avoiding the objection of port-holes, and
it will have the effect of placing muzzle-

loading guns on a par with breech-loaders in

regard to security and ease of loading.

Captain Moncrieff 's invention will play a

very important part in defensive operations,

and will greatly reduce the expense of for-

tifications.

Many other instances may be cited in il-

lustration of the tendency of mechanical

progress to favor defense. Thus the increas-

ing size of guns renders them difficult to

transport for offensive use abroad, but cre-

ates no impediment to their defensive appli-

cation at home. Or, if we look to the nau-

tical side of the subject, we see that the

conditions sought to be attained in war-ships

for aggressive action involve enormous cost,

and that the great size of these vessels makes
them favorable targets for the fire of opposing

artillery. On the other hand, the vessels

required for coast and harbor defense are of

cheap construction, and their small size and
facility of movement give them the advan-

tage of being difficult to hit. The Moncrieff

carriage is applicable almost exclusively to

defensive purposes ; and the same may be

said of torpedoes, which, by many ingenious

contrivances, have recently been rendered

most formidable obstacles to naval attacks

upon seaports. The tendency, therefore, of

mechanical invention, as applied to war, is

to discourage aggression, and thus to main-

tain peace. We may, consequently, hope
that it will hasten the arrival of a period

when civilized nations will abandon the arbi-

trament of arms, and settle their differences

by rational and peaceable methods. But,
while I defend the mechanical branch of
military science from all imputation of ser-

ving the cause of war, I do not forget that

it is to the civil branch of mechanical engi-

neering that the honor of promoting the

friendship of nations especially belongs. It

is by the facilities it gives to intercourse
and exchange, and by the reciprocal benefits

which flow therefrom, that it teaches men
how much they have to gain by peace and
lose by war.

TFiie Avondale Disaster.—We have in

L this country long been spared the fre-

quent and ghastly disasters that characterize

British mining. Even the few catastrophies

that have occurred here, are attributable to

carelessness and neglect rather than to the

presence of noxious and inflammable gases.

It would appear that human ingenuity could
hardly have devised a more certain man-
trap than the Avondale mine. But what-
ever the causes of these terrible sacrifices

may be, mining by machinery will now
begin to have the significance and attention

here that it is receiving abroad. The break-
ing down, moving and manipulating of coal

by inanimate power, with only the supervision

of a few men, will at once and greatly decrease

the risks to human life and the cost of get-

ting coal—and humanity has little to hope for

if economy and safety do not go hand in hand.

THE ELLERSHAUSEN PROCESS.
We publish, herewith, a table of the re-

sults of several single heats made by this

process at the Bessemer Steel Works,
Troy, and also the results of five weeks'
continuous working at the establishment of

Messrs. Shoenberger & Co., at Pittsburg.

The mixing of the ore with the melted
pig-iron, in the Troy experiment, was thor-

ough, and the subsequent operations in the

puddling furnace were very carefully per-

formed. The results, however, are not uni-

form, and do not, as a rule, show the im-

provement in the quality of the product

observed elsewhere. It is now evident that

the Troy experiments were not sufficiently

extended to give a fair average result. It

appears from these experiments that some
irons are better adapted to this process than

others ; also that the ore from which the

pig-iron is made is not the best ore to mix
with the same pig-iron, to convert it into

a pig-bloom.
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Experiments made by the Ellershausen Process, at the Bessemer Steel Works and at the Rensselaer
Works, Troy, N. Y., April, 1869.
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do No. 1. II....

do No. 1. III....

R. I. W. Mixture,

J Hudson No. 2, }Fort
Edward No. 3.

R. I. W. Mixture

No. 21 Port Henry

No. 21 do

No. 21 do

No. 21 do

Dakin hematite

No. 21 Port Henry

No 21 do

No. 21 P. H. 90perct.
Oxide manganese 10 pr
cent

24.9

33..

25.1

24.9

14.3

30.7

32.5

22.4

4,615 3,710 905

4,875 3,610 1,265

4,760 3,910; 850
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4,765

4,585

5,123
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125.42 60

109.17
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87.91 45
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Fort Edward No. 3.

R. I. W. Mixture

.

1,320 1,250 70

2,700 2,730 gain)
30

j

2,700 2,670 loss 30

5.30

2.22

h. m.
1 30

1 30

1 30

2 30

2 30

2 30

1 30

1 30

Experiments mnde by the Ellershausen Process, etc.—Continued.
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760

735
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Fracture nearly all granular and rather
cold short ; not red short

do No. 21 do
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Fracture granular and quite cold short;
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Fiber close and silky ; very tough ; very
slightly red short.

Clove No. 1. I No. 21 do

do No. 1. II

do No. 1. Ill

cold short, but not red short.

R. 1. W. Mixture,
)

§ Hudson No. 2, \ Fort
\

Edward No. 3. )

R. I. W. Mixture

No. 21 do

cold short, but not red short.

Fibrous and silky fracture ; very tough

;

much better than the same puddled;
not red short.

Fiber more close and silky than the
above ; very fine and tough ; not red
short.

No. 21 P. H., 90 per cent. 1

i

i
Oxide manganese 10 per

i
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Puddled by Ordinary Process.

Clove No. 1 1 30

1 20

1 20

690

730

755

03S
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55
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7.97
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Entirely fibrous and silky ; neither cold
short nor red short.

Fracture partly granular ; fibrous part
quite silky ; slightly cold short ; not
red short.

R. I. W. Mixture
short ; a little red short.



908 VAN NOSTRAND'S ENGINEERING MAGAZINE.

Analyses of some of the Materials and Products in

the Troy Experiment.

Clove

Pig-

Clove pud-
dle bar.

Cove III,

Ellersh'n

bar.

Combined silicon. .

.

3.75

4.15

.38

.09

1.158

.298

.273

none.

.34

.026

.29

.0034

Fort
Edward
No. 3,

Pig-

Fort
Edward
puddle
bar.

Fort
Edward
Ellers.

bar.

Combined silicon. .

.

4.17

1.54

.93

.016

.38

.04

.28

.0096

.197

.261

.480

Dakin Hematite Ore.

Sesquioxide of iron 62.94

Protoxide of manganese .40

Silica 26.32

Water 10.65

Port Henry No. 21 Ore—Magnetite.

Sesquioxide of iron 60.39

Protoxide of iron 27.06

Titanic acid 1.30

Silicic acid 5.38

Magnesia 2.36

Alumina 2.80

The results of five weeks' working at

Messrs. Skoenberger & Co.'s, are based on

the amount of ore used in the blast-furnace,

also tke amount of pig metal and of pig-

bloom (conglomerate of ore and partially de-

carbuvized pig-iron, as obtained by the El-

lershausen process), and the average loss on

the pig bloom.

During this time all the cinder from the

Ellershausen process was used in another

blast-furnace where they were making white

iron for a rail mill in Chicago.

Ore used. . lbs.

Mannora at 50 per cent, 2,286,502
Iron Mountain at 66 " 1,299,789
Sterling at 50 " 613,307
Lake Superior at 62 " 498,882

Containing iron 2.617,540

Iron produced. lbs.

Pig metal 739,200
Pig bloom 2,452,800

3,192,000

Loss on pig bloom in furnace 24 per cent

(average), the bloom containing, according
to the calculation of Messrs. Shoenberger &
Co., about 27 per cent of ore (Lake Cham-
plain).

Supposing even that the pig metal, if

worked into the Ellershausen bloom, had
yielded only its own weight in muck-bar,
instead of gaining 3 per cent, then we have

lbs.

Iron from pig metal 739,200
" pig bloom 1,849,600

Total amount of iron. . . 2,588,800

This would show only a loss of a little above
one per cent over the amount of iron con-

tained in the ore as found by analyses.

The loss in puddling their pig, Messrs.

Shoenberger have found to average 8 per
cent.

It is a fact that Messrs. Shoenberger &
Co. have not heretofore been able to make
horse-shoes from their own puddled iron,

but were always compelled to buy good
scrap iron. Now they are making all their

horse-shoes from the Ellershausen iron, the

horse-shoe billet being rolled directly from
the muck-bar.

The following data relating to the Ellers-

hausen process are from Messrs. Shoenber-
ger & Co.'s books

:

In the puddling process the production of

a single puddling furnace is about 2,600 lbs.

per day.

To fix the bed of furnace takes from 100
to 150 lbs. of scrap iron.

To fix the bed of furnace takes from 200
lbs. of ore.

In the Ellershausen process the production

per day, in single furnace, is 4,000 lbs.

To fix the furnace-bed they have used only

50 lbs. of ore per day, and no scrap.

Working in a large furnace—three men
to the furnace—the yield per shift has been
for months 6,300 lbs., consuming only 70
bushels of bituminous coal, while in pud-
dling they use 47 bushels of coal per ton of

muck-bar.

Table of Analyses.

1 Pig metal from Messrs. Shoenberger & Co.,

gray.

2. Pig metal from Messrs. Shoenberger & Co.,

white (only with reference to sulphur—was
made from ore containing considerable am't
of pyrites.

3. Slag from puddling process.

4. Slag from Ellershausen process.

5. Muck-bar puddled iron.

6. Muck-bar Ellershausen iron.

7. Muck-bar puddled iron.

8. Muck-bar Ellershausen iron.
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Carbon chem. comb.
Graphite
Silicium

Sulphur
Phosphorus
Iron
Silicic acid

Peroxide of iron

Protoxide of iron. .

Lime
Magnesia
Alumina
Phosphoric acid

Sulphuret of iron. .

.

1. 2. 3. 4. 5. 6. 7.

2.87

1.34
....

1 .43 .39

1.02 .20 .09

.14 .42 .011 .006 .027

.58 .... .... .12 .14

92.46

14.02 8.95

• • . 17.71 16.01

... 60.31 , 68.88
2.08 1.74
.84 .85

1.44 1.31

2.54 1.74

... .... .88 .72

.012

Copper, cobalt, aluminum, calcium and slag not

determined.

Analysis of Pig Metal and Muck-barfor Messrs.

Shoenberger fy Co.

from Sligo furnace (gray),

from Sligo furnace (white)

.

from Penn. furnace (gray),

from Penn. furnace (white),

from Sligo iron, puddled,

from Sligo iron, Ellershausen pro-

Pig metal
Pig metal
Pig metal
Pig metal
Muck-bar
Muck-bar
cess.

Muck-bar
Muck-bar
process.

from Penn. furnace, puddled,

from Penn. furnace, Ellershausen

a. b. c d.

93.01

.21

.93

.59

.03

1.05

3.86

.34

93.40
.41

.28

.65

.03

4.81

.21

.21

94.45

trace.

.41

.22

.009

1.34

3.18

.40

.31

.19

Sulphur
Carbon combined

trace.

4.74

.24

Slao- .31

e. /• g- h.

.34

.17

.25

trace.

.29

.16
• .22

.31

.07

.16

none.

.24

.05

.15

The ore used for mixing in the Ellers-

hausen process was a brown hematite, con-

taining .21 phosphoric acid, 63.00 peroxide

of iron, 13.00 water, balance almost exclu-

sively silica and alumina.

In the iron of Lyon, Shorb & Co., from
cold blast charcoal iron, there is no percepti-

ble difference between the puddled and the

Ellershausen iron, as far as the analysis

goes. Mr. William M. Lyon considers the

Ellershausen iron supperior to the puddled
iron when brought to practical test.

In the experiments of Messrs. Shoenber-
ger & Co., it has been shown that the sul-

phur is far more thoroughly eliminated by
the Ellershausen than by the puddling pro-

cess.

We shall give, in a future number, the

results of the Ellershausen process as tried

on a still larger scale, during several

months regular working.

PILE-DRIVING BY GUNPOWDER.
From " Engineering."

Considerable attention has lately been
paid in America to the ingenious method of

driving piles by the explosion of gunpowder
recently introduced by Mr. Thomas Shaw,
of Philadelphia, and we think that Mr.
Shaw's system is likely to be regarded with

equal interest on this side of the Atlantic.

Mr. Shaw's " gunpowder pile-driver " as it

has been named, consists merely of an ordi-

nary pile-driving engine, having a ram pro-

vided with two plungers projecting, the one

from its upper, and the other from its lower

end, and fitted, moreover, with an arrange-

ment for retaining the ram at any desired

height. On the top of the pile to be driven

is placed a casting, or cylinder, hollowed on
the under side to fit the head of the pile,

and having bored from its upper side a hole,

into which the lower plunger of the ram fits.

In this hole is placed a small charge of gun-

powder, and the ram, having been raised a

few feet, is let fall, when the lower plunger,

entering the hole in the cap-piece, compres-

ses and heats the air, which ignites the pow-
der, thus causing the ram to be thrown up
again, ready for another blow, and the cap-

piece with the pile to be forced downwards.
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The plunger at the top of the ram is for the

purpose of entering into an air cylinder at

the top of the frame, and thus forming an

air buffer in the event of the ram being

thrown up too high. This upper air cylin-

der is also useful when there is but little

space available for striking a blow, as, in

such cases, by hauling up the ram until the

upper plunger is forced into the air cylinder,

the downward stroke of the ram is accele-

rated.

So far the action of the apparatus is sim-

ple enough, and will be readily understood;

but the results obtained with it are difficult

to account for satisfactorily. Inasmuch as

in regular working the ram is thrown up
again to its starting point, it is evident that

any work given out by it during its down-
ward stroke must be re-absorbed by it dur-

ing its upward stroke, and, therefore, that

none of the work generated by the fall of

the ram can be considered to be available

for driving the pile. This driving action

must therefore be performed by the power
generated by the explosion of the powder,
and it is the amount of effective work thus

done by the powder which appears to us to

be the most remarkable point in the whole
affair. Thus, in the case of a model appar-

atus, lately exhibited by Mr. Shaw at a

meeting of the Franklin Institute, the ram,

with its plungers, weighed 73 lbs., and had
a fall of 20 ft. When no powder was used,

a pile, placed under this ram, was driven £
in. at each blow ; but when a charge of 14

grains of white gunpowder (composed of

chlorate of potash, ferrocyanide of potas-

sium, and sugar) was employed, the distance

which the pile was driven at each stroke was
augmented to 2 in., or eight times its former
amount. Now, if in this case we were to

consider the power expended upon the pile

to be in proportion to the distance which
the latter is driven, we shall have the ex-

plosion of 14 grains of powder generating

73X20X8 = 11,680 foot-pounds of work,

or, as 14 grains are equal to -g-^-j, lbs., there

would be 11,680X500 = 5,840,000 ft.-lbs.

of work developed by the explosion of 1 lb.

of powder ! Inasmuch, however, as a pound
of ordinary powder, burnt in a gun, only

developes, on an average, about 180,000
foot-pounds of work, we cannot think—even
allowing for the white gunpowder being
more powerful than the ordinary kind—that

the power developed by the explosion of

the powder in Mr. Shaw's pile-driver is any-
thing like that above mentioned ; and we

are, therefore, led to believe that the effi-

ciency of the apparatus lies more in the pe-

culiar character of the thrust transferred to

the pile than to any vast amount of power
generated. In other words, it appears to

us that in the gunpowder pile-driver a
greater proportion of the driving power is

turned to useful account than when the or-

dinary falling monkey is used, and this view
of the case is borne out by the fact that with
Mr. Shaw's apparatus no injury is done to

the head of the pile itself. In the case we
have just been considering, the ram was a
light one, and its fall great, and these cir-

cumstances may at first sight appear to have
contributed to the great comparative success

of the apparatus when used with powder

;

but a reference to the report of Mr. Shaw's
pile-driver, recently made by Chief-Engi-

neer W. W. W. Wood, U. S. N., will show
that, even with a heavy ram and short

stroke, the advantages gained by the use of

the gunpowder were equally great.

That Mr. Shaw's apparatus forms a very
efficient pile-driving engine, Capt. Wood's
report, and other information which we have
received from reliable private sources, leave

us no reason to doubt ; whether, however, it

is an economical one we have as yet not suf-

ficient data to enable us to determine. In
Captain Wood's report, the quantity of pow-
der used is unfortunately not given, neither

does the report afford any information con-

cerning the number of men required to

work the machine when in regular action.

It must be remembered that in a well-

arranged steam pile-driver the engine not

only serves for working the ram, but also

for lifting the piles into place, traversing

the machine as required, and doing other

work which, if it is to be done economically,

must be performed by steam power in the

case of Mr. Shaw's pile-driver also ; and the

question then arises whether, if an engine

and boiler have to be provided, it is not bet-

ter to employ them for doing all the work
that has to be done. As regards the com-

parative cost of developing power by the

combustion of coal under a steam boiler,

and by the explosion of gunpowder, there

can be little difference of opinion, as a

pound of coal burnt under the boiler of a

steam pile-driver will, on an average, allow-

ing for all losses, produce about the same
number of foot-pounds of effective work as

a pound of ordinary gunpowder burnt in the

chamber of a piece of ordnance, while the

cost of the coal will in most cases only be
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about one-fiftieth of that ofthe powder. Even
supposing the powder to have the vastly in-

creased efliciency estimated from the experi-

ments at the Franklin Institute above men-
tioned, the cost of generating a certain

number of foot-pounds of work would still

be in favor of the coal, and it remains to be

proved whether in actual working Mr.
Shaw's apparatus gives, from its handiness

and rapidity of action, results which com-
pensate for this increased cost of generating

the power.

Whether Mr. Shaw's gunpowder pile-

driver will be able to compete successfully

with steam pile-drivers or not, it will un-

doubtedly render important services in situ-

ations where hand-worked machines have
hitherto only been available; and in any
case its action is in many respects so pecu-

liar, that we feel sure that its further trials

will be watched with interest by all who
have had their attention directed to this

subject.

IGE-MACHffiES AND REFRIGERATORS.
From " The Engineering & Mining Journal."

For a century or more the great problem
of converting heat into power was being

solved, or, in other words, the steam-engine

was being brought into existence. It ad-

vanced through various stages, and appears

now to have attained, perhaps if not its full

growth, at least a very high degree of de-

velopment. At present another problem is

being solved—namely, to convert power into

cold; in other words, to construct machines
to make ice, or produce cooling by means of

the application of power ; and as the cheap-

est power we possess is steam power, this is

almost exclusively used, when we have the

problem to produce cold by mechanical
means.

The production of heat by mechanical
means is very ancient. From time imme-
morial, the friction of two rubbing surfaces,

such as a grooved board and a stick, has
been used by savage races to produce fire

;

and the heating of the axle-trees of wagons
and machinery by friction was observed cen-

turies ago. Comparatively speaking, the

practice and successful application of these

phenomena have been carried out only re-

cently. In a few factories in Germany,
where there was a surplus of water-power, an
arrangement was made for producing fric-

tion between two cast-iron surfaces, which
became heated to such a degree that enough

caloric was produced to perform the func-

tion of a heating apparatus for various rooms;

while Beaumont, in 1856, constructed a heat-

ing arrangement driven by power, where the

heat was produced by the friction of a very

elongated cone of soft meterial, well oiled, and
which was placed in a hollow metallic cone,*

in which it fitted exactly. Upon being ra-

pidly revolved, a perfectly noiseless friction

was the result, producing the full equivalent

of heat, as determined by Meyer, Joule,

Grrove, etc., and to which we have often re-

ferred before, namely : one unit of heat for

every 772 foot-pounds power employed.
The specific heat of one pound of water, be-

ing nearly equal to that of 50 cubic feet of

air, every 772 foot-pounds will heat 50 cubic

feet of air 1 deg., and 120x772, or 92,600
foot-pounds, will heat 120x50, or 6,000 cu-

bic feet of air, 1 deg. If we spend this

power every minute, we will have nearly 3-

Jiorse-power, as each horse-power is 33,000
foot-pounds per minute. Three horse-power

properly employed will therefore heat a space

of 6,000 cubic feet (the contents of a com-
mon passenger railroad-car) 1 deg. every

minute. But as three-horse power eannot

be obtained from a locomotive, by a con-

sumption of coal of less than 30 lbs. per

hour, it is seen at once that it would not be

an economic operation, as so slight a calori-

fic effect may be easily obtained from a com-
mon stove, with a consumption of less than

one-tenth the above, two to three pounds of

coal per hour ; which is the average amount
burnt in a stove of moderate size, and heats

a room of the above dimensions sufficiently,

even in the coldest season.

One of the most remarkable facts in con-

nection with the transformation of power
into heat, is the perfect uniformity of result,

whatever be the means employed to accom-

plish this transformation. It may be fric-

tion of solids, of solids on liquids or gases,

through agitating them by means of fan-

wheels or other means, compression of gases,

magnetic attractions, or by retarding re-

volving wheels. In short, there may be

any means whatever employed to retard or

destroy power or motion, we will always have

the uniform result; that for every 772 foot-

pounds apparently destroyed, one unit of

heat will have been obtained—the only con-

dition being precaution not to lose part of

the heat thus obtained, nor to consume part

* For description of this apparatus, see Genie In-
dustrial, Paris, 1856, page 18.
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of the power employed in some other man-
ner. By observing these conditions, differ-

ent experimenters, employing a variety of

means, have obtained such uniform results,

that the number obtained, 772, represent-

ing the equivalent of heat and power, is one

of the most securely established in the whole

field of physical sciences.

When converting heat into power, by
means of the steam-engine, the results are

quite different, and the most enormous dis-

crepancies appear, one machine producing

nearly 110 foot-pounds per unit of heat, an-

other 70, another 50, and another only 35 or

40—these numbers being respectively about

l-7th, 10th, 15th, and 20th of 772. It is

thus seen that steam-engines produce only

small portions of the theoretical amount, and

are subject to a loss, ranging from 86 to 95

per cent of what we are some day entitled

to expect.*

Referring to the subject mentioned in the

opening of this article, the conversion of

power into cold, the following question nat-

urally presents itself: Is this conversion

practically accomplished without great loss,

and with tolerably uniform results, as in the

case of the conversion of power into heat ?

Or is it subjected to the great loss of 86 to

95 per cent, as is the case where heat is con-

verted into power by the intervention of the

steam-engine ? In answer to this question,

we will state that in this case there is fortu-

nately no such loss ; when converting power
into negative heat, we are able to abstract

with a good ice-machine a unit of heat for

every 772 foot-pounds of power employed;
or 170 units for 170 x 772, or nearly 132,000
foot-pounds. If we expend the last num-
ber of foot-pounds per minute, we • spend

four-horse powers, and therefore theoreti-

cally four-horse power must produce a cool-

ing effect of 170 units of heat per minute.

As one pound of water of 62 degrees re-

quires 30 degrees cooling to bring it to 32
degrees, and the abstraction of 140 units of

latent heat, 170 units of heat abstracted

from one pound of water at 62 degress will

change it into ice of 32 degrees ; and thus

an expenditure of four-horse power must be
able to freeze every minute one pound of

water of 62 degrees—that is, sixty pounds
per hour ; and 40-horse power will freeze

600 pounds per hour, or 6,000 pounds per

day of ten working hours.

* Readers desirous for details in this matter, are
referred to the " Journal of Mining " for 1869.

This estimate, which gives the maximum
amount of ice which can be produced by a
given power, shows at the same time that the

reason why artificially obtained ice can com-
pete with natural ice, is, that steam power
is so cheap. It has been suggested to make
small machines, in which, by the labor of a
man, ice, or at least cooling, could be pro-

duced, and such machines have actually been
made, but only with doubtful success. This
becomes clear when we consider that one-

man power being only the 32d part of four-

horse power, one man could freeze only the

32d part of a pound of water, one-half ounce
per minute, or one pound in 32 minutes

;

this would be the maximum attainable, and
that by hard labor, the most perfect ar-

rangement, precaution against loss of power,
absorption of heat, etc., all more difficult to

obtain on a small than on a large scale.

We are compelled to come to the conclusion

that the system of refrigeration by means of

power is only applicable on a large scale

where steam or water power is available.

To use the labor of a man to produce cool-

ing by this system, is more expensive, as

would be that of animals, in comparison to

the employment of steam or water power.
If we estimate the amount of coal neces-

sary to produce the result calculated above
—namely, the production of 6,000 lbs. of ice

per day by a steam-engine of 40-horse power
—we find that, as a horse-power requires in

an economical stationary boiler and engine

20 pounds of coal per hour, the 40-horse

power will consume per day of 10 working
hours 800 pounds of coal. The consump-
tion of this 800 pounds of coal producing

6,000 pounds of ice, gives 1\ pounds of ice

for every pound of coal, or 7^ tons of ice

for every ton of coal on the supposition that

each horse-power consumes two pounds of

coal per hour. As, however, in the most
economical boilers, a horse-power may be
produced by the consumption of less coal, it

is clear that it becomes possible to obtain

more ice per ton of coal, which quantity can

be further increased by future improvements
in the steam-engine.

Having thus estimated what we may ex-

pect theoretically, let us investigate in how
far the practical results obtained agree with

these estimates.

In the first ice-machines, built on this prin-

ciple, some ten years ago, one or two tons of

ice were obtained by the use of one ton of

coal, and it was at that time considered a

great attainment that actually more ice was
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turned out than coal consumed. Very soon

it was claimed that, by means of the ether-

machine, three tons of ice were daily pro-

duced by the consumption of seven tons of

coal per week ; then the ammonia-machine
made four to six tons of ice for every ton of

coal, which production was gradually in-

creased to eight and ten tons, while lately

twelve tons have been claimed for every ton

of coal consumed. An ice-machine made by
Liebe, and used in England for cooling pur-

poses in a large brewery, produced a cool-

ing effect, which formerly, by means of ice,

could only be obtained by the consumption

of 14 tons of that bulky material, while the

ice-machine of Dr. Vander Weyde, of this

city, which is now being introduced in the

United States, is, it is claimed, more eco-

nomical, and will in its effect excel Liebe's

when perfected and worked with superior

boilers and engines.

In regard to the cost of the ice thus pro-

duced, which is the chief consideration, we
may say, it consists of the first outlay, the

fuel and the labor. Considering the outlay,

an ice-machine with a steam-engine of 40-

horse power and boiler, costs, say $5,000,

interest of capital, wear and tear of machine,

at 15 per cent, $15 per week; labor $18,

coal $7, water nothing ; total, $40 for 20
tons of ice, or $2 per ton, slightly less or

more, according to economy and price of

coal and labor.

It is very fortunate that ice-making or

conversion of power into cold, is not subject

to from 86 to 95 per cent of loss, which is

the case, in the conversion of heat into

power, in the steam-engine. If this was the

case, the tenth or twentieth part only, of ice

could be made, with the same amount of

machinery, fuel and labor, as now, and the

price would be at least $20 to $40 per ton,

in place of $2. It is clear that in this case

artificial ice could seldom compete with nat-

ural ice, which for that price could even

be conveyed to the tropics. However in-

land in tropical climes, it commands often

$100 and more per ton, if it is to be had at

all, and in such exceptional circumstances,

even very expensive methods of cooling may
be taken advantage of.

Faggoted Axles.—The Albany Iron
Works are making hammered iron rail-

road axles of a very superior quality. We
shall in due time give the particulars of

some tests of these axles, under the blows
of a drop.

Vol. I.—No. 10.—00.

POPPER'S ANTI-INCRUSTATOR FOR
STEAM-BOILERS.

By Dr. Emu Teirich.
Translated from " Polytechnic Journal."

The incrustation of steam-boilers pre-

vents, to a great extent, the transmission of

the heat, and causes an early destruction of

the boilers. Its removal from time to time

is very expensive and inconvenient. The
nature and quantity of this incrustation de-

pends on the chemical composition of the

feed-water.

When the water is first heated up to the

boiling point, the bicarbonates which are

dissolved in the water are decomposed, lose

one half of their carbonic acid, are precipi-

tated as insoluble carbonates, and produce

the first deposit in the boiler. During the

subsequent continuous evaporation of the

water, the other compounds dissolved in it

are concentrated and finally precipitated,

when the limit of their solubility is reached.

Another kind of deposit is thus produced,

different from the first in its chemical com-

position. The great variety of chemical

compounds dissolved in different feed-waters,

is a proof that no general chemical means
can exist, fit to prevent all incrustation

from any water, and that every chemical

remedy proclaimed as universal, is to be
considered as an imposition. A certain sub-

stance cannot even prevent the formation of a

certain kind of incrustation unless it is added
before the water is brought into the boiler,

thus precipitating and gathering the solid

compounds outside of the boiler. A chemi-

cal analysis of the feed-water can alone give a

correct idea of the value of one or other of

these chemical remedies for special circum-

stances. Another method of relieving the

feed-water of the greater part of dissolved

matter, consists in pre-heating the water in

a specially adapted vessel or apparatus,

where it then deposits its carbonates. An
excessive concentration of the other matters

can be prevented by allowing a certain

quantity of the contents of the boiler to run
out every day, and by replacing it by fresh

water.

A third kind of remedy against incrusta-

tion does not attempt to prevent the form-

ation of deposits, but alters the nature of

these deposits so that they do not adhere,

by introducing such matters or arrangements

that the deposits may be gathered upon them,

and with which they can be quickly and easily

removed. We reckon amongst these reme-
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dies : painting or covering of the interior of

the boiler; mechanical admixtures to the

water, which are said to rub and clean the

interior boiler surface ; the many existing

mysterious substances, one of which, viz :

Baker's anti-incrustator, has succeeded in

acquiring a wide-spread but totally unde-

served reputation.

An apparatus invented by Schmitz, and

based on a new principle, was favorably re-

ceived at the last Paris exhibition. By in-

serting curved wrought-iron plates into the

boiler, Schmitz intended to create a regular

circulation of the water, thereby to increase

the evaporating power of the boiler, and to

carry all precipitated matter to the upper

surface of the inserted plates. This object

is attained in a much more complete man-
ner by Popper's anti-incrustator, and it has

been shown most conspicuously by a trial

made with it in November, 1868, in the

machine shop of Gr. Sigl, in Vienna, (Aus-

tria

)

Popper's apparatus, a section of which is

represented by the annexed sketch, consists

of long strips of sheet-iron about 12 in.

wide, which are introduced through the man-

hole into the boiler, and there united so as

to form a half-cylinder, placed parallel to

the lower half of the boiler. Little projec-

tions attached to the outside of this half-

cylinder prevent the latter from coming

in direct contact with the boiler, but keep

it at a certain distance above the interior

boiler surface. This distance must be

pretty short to make the apparatus very
effective. In Sigl's boiler of 4^ ft.' diame-
ter as used for the trial, tins distance was
2}2 in. below the cylinder, and only 1^ in.

at the sides. So far, the arrangement is not

very different from that of Schmitz. But
Popper made a very important addition by
inserting a row of vertical pipes of sheet-iron,

five inches in diameter, and placed about 24
in. apart. These pipes are supported by the

cylinder which has corresponding openings

so as to effect a central communication be-

tween the water above and below the cylin-

der. The whole apparatus is set in loose,

and kept in place by the weight of a thick

layer of pebbles of egg size covering the

lower part of the half cylinder. These peb-

bles, besides, perform the function of taking

up all the deposits from the water.

The manner in which this apparatus acts,

is indicated by the arrows in our engraving.

The steam generated at the heating-surface,

rises rapidly in the space between the boiler

and the cylinder, creating a strong current,

the most important factor of an economical

steam-generator. But it does more. The
vehemence of the evaporation and the rapid-

ity of the current, prevent all precipitated

matters from settling on the boiler plates

and throw these matters, together with

the water, several inches above the upper

rim of the half-cylinder. As this rim is at a

level with the lowest water-line, this arrange-

ment is also a protection against the danger-

gerous consequences of sinking the water

below that line. It could be seen distinctly

in Sigl's trial-boiler that the water was

thrown five or six inches above the normal

water-level. It is even to be expected from

this system that a continual washing and
wetting of the interior boiler walls will take

place so long as any notable quantity of wa-

ter is left in the boiler.

The vertical pipes carry the water back

to the heating-surface.

A certain part of the water is always

quiet in the interstices between the big

stones, where it deposits all the precipi-

tates.

The apparatus is simple and cheap. The
boiler in which Popper's apparatus was
tried in Sigl's machine works in Vienna,

presented a surprising appearance after an

uninterrupted working period of three weeks.

The interior of the boiler was so perfectly

clean, that small impressions which had been

made by the hammer during a previous

cleaning operation, were yet to be seen dig-
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tiactly. Also the outside of the half-cylin-

der was free from incrustation, and showed

a metallic surface. The stones were covered

with a thick crust of deposits, and so also

was a part of the upper surface of the half-

cylinder and of the vertical pipes.

To clean the boiler, nothing has to be

done but to replace the stones by fresh ones.

To do this easier and quicker, the stones

will in future be laid into appropriate metal-

lic troughs, in which they remain when in

the boiler.

The work of the boiler was regular and
undisturbed during the whole trial. The
first heating-up was done quicker, the gen-

eration of steam was more rapid than usual.

According to exact and careful observa-

tions, the priming was not more considera-

ble than before. The consumption of coal

was very low. As, however, no exact notes

were taken about this, the economy of fuel

effected by the apparatus could not be cal-

culated for this trial.

Experiments on the applicability of Pop-
per's system on Cornish ship and locomo-

tive-boilers are in preparation, and will

doubtless prove as successful as the above.

S.

HISTORY OF WATT'S STEAM ENGINE.
From Sir Wm. G. Armstrong's Inaugural Address

bofore the Institution of Mechanical Engineers, at
Newcastle.

This year is the centenary of the steam
engine of Watt ; and I am glad that it has

fallen to the lot of Newcastle to receive, on

so auspicious an occasion, a society which
must regard Watt, more than any other man,
as the father of their calling. First, then,

I shall discharge my duty as your president,

by paying a tribute of respect to the memo-
ry of the illustrious man who, in the corres-

ponding year of the last century, completed
and set to work the greatest of mechanical
inventions.

In 1765, the authorities of Glasgow Col-

lege, little thinking of the momentous step

they were taking, intrusted a model of a

Newcomen engine to James Watt, a maker
of mathematical instruments, for repair. The
sagacity of Watt enabled him, by an in-

spection of the model, to detect a radical

defect in the principle of the engine. He
saw that the condensation effected within the

cylinder reduced its temperature, and ren-

dered restoration of the wasted heat neces-

sary at every stroke. He perceived that the

steam ought to act in a vessel always hot,

and be condensed in a vessel always cold.

He thus conceived the idea of separate con-

densation. With a quiet tenacity of pur-

pose he set to work, under great disadvan-

tages, to realize his idea of a more economi-

cal steam engine. His design was soon

matured, but the difficulty of execution long

remained a barrier to practical success. In

the Newcomen engine, the weight of the at-

mosphere, acting against a vacuum, was the

moving power, and leakage of air past the

piston was prevented by water resting on

the upper side. An unbored cylinder, made
in separate parts, sufficed for this arrange-

ment ; but in Watt's design steam instead

of air acted on the piston. A water pack-

ing was inapplicable, and leakage could only

be prevented by the more accurate fit of the

piston in the cylinder. A moderately steam-

tight cylinder and piston were, however,

more than the workshops of the day could

produce, and we read of his vain attempts to

correct, by pasteboard and cork, inaccura-

cies of workmanship, such as in our time has

no existence.

With ailing health, narrow pecuniary

means, and a temperament inclining to des-

pondency, he was, in many respects, unfitted

for a struggle with difficulty ; but he was a

man whose mind was taken captive by an

idea, and he could not help persevering.

His attractive character and fine intellect

had attached to him many valuable friends,

superior in station to himself, and his let-

ters to some of those friends, written during

his struggles, exhibit at once his severe dis-

couragement and his irresistible impulse to

proceed.

In 1768, he had succeeded in producing

a condenser with its necessary appendage of

an air-pump ; but it was not until the fol-

lowing year, 1769—exactly a century ago

—

that his first complete steam-engine was fin-

ished and put in motion. The first trial was

made by Watt in a secluded glen, behind

the house of his friend, Dr. Roebuck, near

Linlithgow. The engine was not a mere
working model, but a machine of considera-

ble power. It had a cylinder of 18 in. in

diameter, and a stroke of 5 ft.; but the cy-

linder and piston, which were described as

the best the Carron Ironworks could pro-

duce, were still so inaccurately made as to

defeat, in a great measure, the anticipated

success. The engine, however, afforded a

practical demonstration of the value of the

invention sufficient to lead eventually to the

happy alliance of the capital of Boulton with
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the genius of Watt. In 1773, the engine

was removed to Mr. Boulton's works at

Soho, and was fitted with a new cast-iron

cylinder, the casting and boring of which
were deemed no small achievement in those

primitive days of mechanical engineering.

This first engine of Watt was, like that of

Newcomen, only applicable to pumping, but

Watt quickly saw by what modifications it

could be rendered available for rotative mo-
tion. By a succession of brilliant inven-

tions, comprising, amongst others, his par-

allel motion and his ball governor, he ad-

vanced to the final conception of the double-

acting rotative engine, which became appli-

cable to every purpose requiring motive

power, and continues to this day, in nearly

its original form, to be the chief moving
agent employed by man.
To do full justice to the genius of Watt,

we must consider the disadvantages under
which he labored. In the present day, every

contrivance is practicable in a constructive

point of view, and the vast variety of devices

used in modern mechanism, and applicable

to new mechanical combinations, are made
known to inventors in minute detail by the

press. But Watt had no such facilities. He
had to draw from his own mind what we can

now choose from pre-accomplished invention,

and his choice of means was restricted to

the narrow limits of what was practicable in

the rude workshops of the period. If we
give due weight to these considerations, we
shall be able to appreciate the remarkable
originality of his mind, and the sagacity

displayed in his invention. Watt lived to

see his steam-engine bear fruit in marvel-

ous utility to the human race ; but he could

have had no idea of the results it was des-

tined to realize before the first century of

its existence. It is impossible to contem-

plate these results without feelings of enthu-

siasm. To appreciate how much we owe to

the steam-engine, we need only consider for

a moment what our positions would be if we
were deprived of its agency. The factories

which clothe all the nations of the earth

would be almost extinguished. The deep
mines which supply nearly all our mineral

wealth would be abandoned. The manufac-

ture of iron would shrink into comparative in-

significance. Horses and sailing ships would
again become our only means of transit.

All great engineering works would cease,

and mankind would relapse into that condi-

tion of slow and torpid progress which pre-

ceded the subjugation of steam by Watt.

PERMANENT WAY.
Compiled and adapted from " Polyt. Centralblait."

A great number of engineers are of the

opinion that to obtain a solid and permanent
railway, causing the least possible maintain-

ing expenses, the wooden cross-ties should

be removed, and replaced by more durable

materials. The plans which have been de-

signed for this pui-pose, are principally the

following :

1. To lay the rails on stone blocks.

2. To lay the rails on piers of cast iron.

3. To replace the wooden cross-ties by
iron ones.

4. To lay stiff and strong, or broad footed

rails, directly on the ballast.

5. To lay the rails on longitudinal wrought
iron sleepers, in the ballast.

The first method has been introduced on
some lines in Bavaria and Wurtemberg,
and works satisfactorily when well and sol-

idly constructed. The second method is in

use on a larger scale in Egypt, Algeria, En-
gland and the East Indies, and a trial is

just being made with it on the small route

between Leipzig and Magdeburg. Both these

systems of construction are not to be re-

commended for use on a new embankment,
because when the latter settles they yield too

easily, and cause disturbances in the track.

Iron cross-ties are used on some lines in

France, Belgium and Spain. Vautherin's

system, especially, has been introduced on

the French Northern Railroad, and recently

on the Saarbruck Railroad. The rails are

fixed to the ties by wedges. This system is

more appropriate to new railroads than the

two former, as the width of the track can-

not be altered by the settling of the embank-
ment. But the construction requires much
iron, and is, therefore, very expensive. It

is, besides, to be feared that the wedges used
may not stand long, and that they may
widen the wedge holes, and become loose

after some time.

The fourth method of constructing perma-

nent way, consists in laying very rigid and
strong rails directly on sand or gravel, or

crushed stone. This method has been tried

with satisfactory results on the Cologne

Minden Railroad, where rails 8 in. high,

made after the design of Mr. Hartwich, were
used for the purpose. These rails were

joined by fish-plates 2 ft. in length, with

eight screws of 1 in. diameter. The plates

are strong and well designed ; their mo-
ment of inertia being equal to that of the
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rails. The cost of the iron on this road
amounted to 2.65 Prussian thalers per foot

(SI. 85 gold). If the rail is laid directly on

gravel, its foot has to be very broad to get a

sufficiently large bearing, or the rail has to

be very high to reach as deep below the sur-

face of the gravel as possible. Both ways
involve great inconveniences. A very high

rail especially, is liable to tip over. Mr. L.

Clasen, of Hanover, therefore proposed to

lay such rails on a foundation of concrete,

imbedded in the gravel. Concrete when
well prepared, is a cheap, strong and dura-

ble material for railway substructure, and
can be easily obtained everywhere. For
the purpose of attaching the rail, Mr. Clasen
proposes to lay a plate with a small rectan-

gular hole into the concrete about 1 ft. deep,

to leave a narrow hole open, extending from
the hole in the plate to the surface of the

concrete. A bolt, with a hook of peculiar

construction at its lower end, would be in-

serted into the hole and hooked on to the

rectangular hole in the plate. The rail

would be kept in place by being screwed on
to several of these bolts. The latter could

be easily removed when broken, and re-

placed by new ones. The rails have to be
joined by strong fish plates, with four screw
bolts. To prevent the rails from giving

way sidewise, it is proposed to join two op-

posite rails by wrought iron flats, laid below
the foot of the rails, and bent upwards on
both sides of the track. This plan has not

yet, however, been tried practically.

A very successful trial has been made on
the Nassau Railroad (Prussia), with the

fifth of the above mentioned methods of
railway construction.

The annexed engraving shows a section of

the arrangement. "Wrought iron sleepers

are laid in gravel or sand, parallel to the

track. On these sleepers light rails are fixed

by means of small plates, and short screw
bolts, and joined by fish-plates. The width

of the track is preserved by thin wrought

iron cross-ties connecting two opposite rails.

As this system seems to be a decided suc-

cess, we give in the following a more de-

tailed description of it, as published in

" Polyt. Centralblatt," by Mr. M. Hilf, of

Wiesbaden.
1. Rails.—The rail used has a broad foot

and pretty sharp angles below the head, so

as to allow of the application of a strong

fish-joint. Its weight is little over 51 lbs.

per yard, which is about two-thirds only of

the weight of the rails used on the same
railroad with the ordinary wooden substruct-

ure.

The fish-plate has been recognized as the

most reliable means for joining the rails.

They are, besides, joined below, the ends of

two adjacent rails being attached to the same
sleeper. This gives a high degree of solid-

ity to the whole system.

The rails have a length of 19 ft. S\ in.*

and are slotted in two places near the mid-

dle, and clinched by two of the fastening

bolts to prevent the rails from creeping.

Every rail is attached to the sleepers by
eighteen screw bolts, the nuts of which work
on small plates, which clasp the foot of the

rail, as our engraving shows. The total

weight of the eighteen bolts, nuts and plates,

necessary to fasten one rail, amounts to

23 lbs. The fastening effected by these

means is so solid that its safety is not much
endangered if some of the nuts should be-

come loose, which however happens but very

rarely. The same straight sleepers are used

for laying curved tracks. The bolt holes

have then to be drilled into the sleepers so

as to correspond to the required curves.

Five different templets are sufficient to mark
the bolt holes for all the curves

of from 9U0 to 6,000 ft. radius.

The sleepers have then of course

to be laid in a position parallel

to the tangent of the curve.

The rail being light, does not

want to be bent previous to lay-

ing, and a curved rail can be

turned round when one side of

its head is injured.

2. Sleepe?s.—The sleepers are

easily rolled into the shape in-

dicated by our drawing. They

are all made of the same length, which

is 19 ft. 2 1 in. They are about ^ in. thick,

and weigh 79^ lbs. per yard. Sleeper^ and

rail together are so strong that when laid on

supports 3 ft. apart, they are not strained
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beyond the limit of elasticity by a weight

of 36,000 lbs. As the load pressing on the

whole system when in use, is distributed on

a pretty large surface, this strength offers

more than sufficient security. The shape of

the sleeper is such as to present two concav-

ities below, into which the material that

forms the bed can be rammed in solid. This

material cannot, therefore, give way sidewise,

but it becomes the more solid the greater

the load pressing on the rail. In fact, the

whole construction acquires the more steadi-

ness the longer it is in use. The sleepers

themselves are so strong that they will not

have to be renewed for a very great num-
ber of years.

3. Cross-Ties.—There are three wrought

iron cross-ties on every 20 ft. of track ; that

is, on the length of one rail. They connect

two opposite rails directly, having a screw

at each end which passes through a corres-

ponding hole in the web of the rail. Two
nuts outside, and one inside of the rail, fasten

the latter to the tie. The length of the ties

is 5 £- ft. Three ties with their nuts and

washers, weigh together 53 lbs.

The strength and number of these cross-

ties is more than sufficient even in sharp

curves. The double nuts on the outside are

not absolutely necessary, but are safer, es-

pecially with sharp curves.

The cross-ties are easily detached, when
rails have to be exchanged. The enlarge-

ment of the track in the curves can be exactly

regulated by the ties and the nuts.

The total weight of the construction above

described, is for the length of one rail as

follows :

Two rails 19 ft. &\ in. long. 51 lbs. per

yard
.' 669 lbs.

Two sleepers 19 ft. 2| in. long, 79£ lbs.

per yard 1,016 lbs.

Thirty-six screw bolts, with nuts and
small plates 46 lbs.

Three cross-ties, with twelve washers and
eighteen nuts 53 lbs.

Two pairs of fish-plates, with eight screw
bolts 44 lbs.

Total weight for one rail-length 1,828 lbs.

or 278 lbs. per yard. :

The total and full cost of the whole iron

superstructure, including the laying, was

9f§ Prussian thalers per meter, or $6.32

gold, per yard of track. The expenses for

maintaining a track of the above construct-

ion are very small.

A length of 490 vards of this track was

laid in 1867, in the station at Asmannhau-
sen, on the Nassau Railroad. The ordinary

kind of rails was used. A part of the rails

were fastened to the sleepers by rivets in-

stead of screw bolts. 380 yards of the said

track were laid in curves of 500 to 700
yards radius. Eight trains were run over
the track daily. None of the rivets or screw
bolts had become loose, and no part what-
ever of the track had been deranged at the

end of the year 1868. The gravel on both
sides of the rails and sleepers has grown
hard on the surface, and the crust thus

formed never shows the least cracks, which
proves the solidity of the construction. The
trains run smoothly over the track without

any concussion at the joints of the rails.

No bad influence of the weather has been
observed, although the drainage of the track

is very imperfect. The position of the

sleepers lias not been disturbed by a temper-

ature as low as 5° F. above zero.

In consequence of the excellent results of

this trial, a similar track was laid between
Ober-Lahnstein and Ems, on the Nassau
Railroad, a distance of about two German
miles, containing several curves of 330 yards

radius. This line is completed, and proves

to be a perfect success. The trains run

steadier and with less noise over this track

than over the rails laid on wooden cross-ties.

The iron sleepers lie perfectly firm. The
rails do not alter their position in the least,

not even when the cross-ties are removed,

and when the trains run over the track at

full speed. This shows that two cross-ties

per rail would be quite sufficient, especially

on straight lines. A part of the above men-
tioned line was laid down in such a manner
that every single rail rested on a single

sleeper, the joints being thus suspended.

This was done because it was feared that the

motion of the cars would not be perfectly

smooth with fixed joints. This apprehension

was, however, not verified, and as the latter

arrangement gives the track a greater so-

lidity, it will be preferred in future con-

structions upon this system. S.

The Creeping of Rails on a double

track, where all the trains run way over

them, has got to be a very serious matter

with our old fashioned methods of laying.

The spikes used with a common chair are

utterly inadequate ; with a continuous-lipped

chair they answer tolerably. But the Reeves
chair makes a better joint than either—bet-

ter than the fish-joint with low rails—and

it entirely prevents creeping.
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iohting Goal Mines.—The awful loss

of life which has been occasioned, both

in this country and abroad, during the past

few years by colliery explosions, is at last,

we are glad to see, in a fair way to receive

the attention it merits; and we trust that

the nest session of Parliament will not be

allowed to pass without some material im-

provement being made in our legislation on
the subject of colliery management. It is

quite time, not only that the thoroughly
efficient ventilation of coal mines should be

rendered compulsory by law, but also that

means should be adopted to ensure that the

law is carried out. Quite apart from the

ventilation, also, means should be taken to

ensure the proper lighting of coal mines,

and this lighting should be so effected that,

even in the event of the ventilation of a

portion of a mine becoming temporarily de-

ranged from accidental causes, no harm
could result. The safety-lamps now used,

though no doubt excellent in their way, give

but a very miserable light, and those who
have studied the causes of past explosions,

well know that these have been in many in-

stances caused by miners opening their

lamps to get a little extra illumination.

The surfaces of a coal mine, in fact, possess

such great light-absorbing power, that none
but a very powerful light can be regarded

as a really efficient one.

Bearing these facts in mind, Mr. Henry
Bessemer, in a letter addressed by him to

the " Times " a few days ago, has suggested

a method of lighting coal mines which ap-

pears to us well worthy of careful attention.

As some of our readers may be aware, Mr.
Bessemer has been lately engaged in inves-

tigating the action of combustion under high

pressures, and the results which he has ob-

tained have led him to consider that lamps

in which the combustion goes on under pres-

sure exceeding that of the atmosphere,

might be advantageously employed for light-

ing mines. Thus, he states, for instance,

that an iron box, having one side fitted with

a bull's-eye, or formed of thick plate glass,

may be fitted with an ordinary gas-burner,

supplied with gas from a gasholder above

ground, and that the air to support combus-
tion may be supplied to this box by a suit-

able pipe at a pressure of, say, 1 lb. per sq.

in. above the pressure of the air in the mine,

a small hole being left at the top of the lamp
for the escape of the products of combus-
tion. Under such circumstances not only

would the light produced by the combustion

of the gas be intensified, but the pressure

within the lamp being in excess of the sur-

rounding atmosphere, the latter would be

prevented from entering, and consequently,

even if an explosive mixture existed in the

mine, it would be perfectly safe from igni-

tion.

Such is Mr. Bessemer's plan, and an ad-

mirably simple plan it is. By the aid of a

series of brilliant lights, such as he proposes,

the galleries of mines may, as he says, " be
lighted like a workshop," and there is real-

ly, as far as we can see, no good reason why
this should not be done. The supply of air

and gas, under suitable pressure, presents

no practical difficulty, and by the aid of

suitable reflectors, one powerful lamp, such

as we have described, would be enabled to

give a good light for some considerable dis-

tance around it. By the aid of easily con-

trived arrangements, also, some of the lamps
might be made to a certain extent portable

if required, but in such a case care would
of course have to be taken to protect the

glasses from accidental fracture. Mr. Bes-
semer states that he is " convinced that the

thorough lighting of a coal-pit, and its ven-

tilation so as to insure health and safety to

the miners, are purely a question of £ s. d.,"

and in this opinion we perfectly agree with

him. We do not consider, however, that in

matters of this kind any question of ex-

pense should be allowed to interfere with
the adoption of thoroughly efficient arrange-

ments, and we think that it should be placed

beyond the power of any colliery proprie-

tors, actuated by parsimonious motives, to

risk the lives of the men employed by them.

As in the case of boiler explosions, the ex- "

perience of past years has taught us that a

knowledge of the risks to which they are

exposing not only themselves, but others, is

not of itself sufficient to make all men adopt

means to avoid these risks ; and it is, we
think, time that both boiler owners and col-

liery proprietors should be made to feel their

responsibilities more strongly. How this

can best be done is a matter which we shall

not discuss here, as it is to a certain extent

foreign to the object of the present article,

which was specially to bring before our

readers the system of lighting we have al-

ready described, a system, we may add,

which has not been patented. The fact of

a good invention being public property, has

but in too many instances proved to be a bar

to its adoption, as it has been nobody's in-

terest to show that it was the " right thing
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in the right place;" we hope, however, that

Mr. Bessemer's plan may prove an exception

to this rule, and that it may shortly be test-

ed on such a scale as to demonstrate its prac-

tical merits.

—

Engineering.

STEAM ON CANALS.
Abstract of a paper read before the Institution of

Mechanical Engineers at Newcastle, by Mr. Max
EiTU, of Leeds.

In the application of steam power to river

and canal navigation, the writer remarked,

the greatest obstacle to be encountered had

been the loss of power that was inseparable

from the ordinary methods of propulsion by
paddle-wheels or screw propellers. As the

resisting water formed the fulcrum upon
which the bearing was taken for propelling

the vessel, the result was that a great quan-

tity of water was put in motion, and a con-

siderable amount of power exercised with-

out any useful effect being produced. Thus
even under the most favorable circumstances,

when working en a broad sheet of deep

water, the ordinary propellers lost from 40
to 50 per cent of the power applied to them

;

and, under the peculiar circumstances met
with on rivers and canals, their useful effect

was frequently reduced to less than 25 per

cent of the power applied. On canals, the

increased ditnculty to be encountered arose

from the presence of locks, the small section

of water through which the boats had to be

driven, and the swell produced by the in-

creased speed of the boats, for which the

small section of water was not originally

calculated. Moreover, as the only admissi-

ble means of propulsion was by screws or

paddle-wheels placed at the stern, the water

put in motion by them was withdrawn from

the stern of the tug, and thrown against the

bows of the boats in tow ; the water-level

in the canal was thereby disturbed, and the

hollow created at the stern of the tug had

to be filled up by the water in front of the

tug running backwards through the narrow

passage left between the tug and the sides

of the canal. The consequence of this was
that engines of considerable power had to

be used for towing a given freight ; and
hence, owing to the small size of the locks

through which they had to pass, it was of

the utmost importance that the engines em-
ployed should occupy as little space as pos-

sible in the holds of the vessels, in order

that the cost of steam propulsion might not

be further increased by a source of diminu-

tion in the amount of freight that could be

carried. As it was admitted that a dead
pull from a fixed point was undoubtedly the

most effective mode of gaining power, it had
now been determined to adopt a system on

canals and rivers of towing by means of a

fixed wire rope and clip drum. The rope

was laid in the bed of the river or canal

from end to end, being anchored only at its

two extremities, and an engine on the deck

of the boat was then attached to the rope,

and wound itself along to its destination.

The idea was not altogether new, as attempts

had been made on the Rhine by the French
Marshal de Saxe, as early as the year 1732,

to transport war material through different

rivers of the country by means of a horse

windlass on the boats, which wound up a

rope made fast on the bank of the river at

the extreme end. In 1820, a regular ser-

vice on the same principle was established

on the Rhone, by Tourasse, and it success-

fully overcame the difficult portions of the

river between Grivers and Lyons. After

noticing the drawbacks of the plan, how-
ever, and the many obstacles in the way of

a free use of chains or winding drums, the

paper added that the present system—con-

sisting of a clip drum working along a sub-

merged wire rope—had been invented and
matured by Baron Oscar de Mesnil, a Bel-

gian gentleman, and the author himself; the

first experiment having been made at Leeds,

in 1866, for Joseph Fowler & Co., and since

repeated more extensively on several Ameri-
can canals and also in Belgium. The first

application of the submerged wire was made
on the river Meuse, where a line 42 miles in

length—from Namur to Liege—had been in

successful operation since 1868, and was
now being extended 90 miles through the

Canal de la Campine to Antwerp. Having
described the Canal de la Charleroi, in Bel-

gium, the writer added that one of the boats

on it was 42 ft. long, by 8 ft. broad, and
drew 3 ft. water ; while the wire rope, § in.

in diameter, wound round a 5 ft. clip drum.
In addition to these there was a winding
drum used for the purpose of obtaining a

sufficient amount of slack in the rope for

enabling the tug, when off the rope, to hitch

on again at any place without delay. The
speed of the engines here, 10-horse, was 80

revolutions per minute with 90 lbs. pressure

of steam, and the speed varied from one to

three miles ; but on the river Meuse they

had engines of 14 horse-power, working up
stream at from three to six miles an hour,

although on the downward journeys this
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could be increased to ten miles by running

the engine at 120 to 130 revolutions. In

some places, also, they had smaller boats

fitted with portable engines—engines that

could easily be transferred from one boat to

another; and while these were, by a very

ingenious contrivance, enabled to pass

through the narrowest parts of a canal or

the lowest bridges, they could easily travel

at 2^ miles an hour with two 200-ton barges

fastened behind them. The ropes were in

all cases laid along the side of the deck,

and never being very long exposed to the

air they were not liable to injury by oxida-

tion, neither were they subject to fracture or

obstruction on the bed of the river. The
rope used on the river Meuse was only 1 in.

in diameter, of iron wire, the greater part

being galvanized, and having a breaking

strain of 14 tons. The weight was 4| lbs.

per yard, and cost, including the laying

down, £93. The maximum work done by

one tug of 14 horse-power, was towing 18

boats containing a total cargo of 1,000 tons;

while, by another, 1,500 tons of freight was
towed by 10 boats. Both trips were made
up stream, and at from 1\ to 3 miles an

hour, including stoppages. The average

work of the tugs was to tow 700 to 900 tons

of cargo, in 8 or 12 boats of different sizes

—the steering in all cases being good

—

while the average amount of coal consumed

by the 14-horse tug amounted to three-

quarters of a hundredweight per mile,

and the working expenses to £22 per month.

The cost of towing on the canals, where the

system was now in operation, amounted to

not more than .05d. (or one-twentieth of a

penny) per ton per mile, including the work-

ing expenses, the management, the interest,

and the redemption of capital. This result

was not only another illustration of the

great advantage which inland navigation

possessed over any other mode of carrying

heavy traffic where speed was not required,

but it also proved the important commercial

value of this particular mode of towing, as

compared with any of the other methods
hitherto in general use. The average cost

of towage by animal power on four English

canals, amounted to .35d. per ton per mile,

and on seven French canals was .27d. With
paddle tugs on the Thames the cost was
.48d., and on six rivers in France it was as

high as .80d. per mile. The employment of

screw tugs on three English canals resulted

in an average cost of ,27d. ; whilst towing
by boats carrying their own machinery cost,

on seven English canals, .20d. per mile. In
conclusion, the author remarked that while

railways had undergone so wonderful a de-

velopment during the past thirty years, the

quieter, but often more important, mode of

transporting heavy goods by inland naviga-

tion had remained comparatively neglected.

It was true that the natural features of Eng-
land were not very favorable for inland navi-

gation, although there was in the United King-
dom a total length of 2,000 miles of navigable

water courses ; but on the Continent, in the

colonies, and especially in India, there was
a vast amount of traffic for which no better

highways could be found than those already

traced by nature in the rivers and streams

penetrating the interior of the country. The
system of wire rope towing that had now
been described, placed inland navigation in

a similar relative position to that in which
the road traffic was placed by the introduc-

tion of the railway and the locomotive. By
means of the clip drum, the tug obtained a
hold upon the flexible rope laid on the water
course precisely in the same manner as the

driving-wheel of the locomotive took hold

of the rigid rail upon which it ran ; and the

great advantage of steam-power might,
therefore, be similarly brought to bear on
the movements of vessels in water—leaving

to railways all their superiority in regard to

speed, but restoring to rivers and canals

their advantages in reduction of traction.

MECHANICAL FIRING OF STEAM BOILERS.

By Mr. John Daglish.

Abstract of a paper read before the Institution of
Mechanical Engineers at Newcastle.

The first part of this paper contains the

results of a series of experiments that were
arranged and carried out by the writer at

Rainton Colliery, chiefly for the practical

determination of the question of the utility

and economy of side water boxes in connex-

ion with Juckes' furnaces, and incidentally

to ascertain the advantage derived from cov-

ering boilers, and the best materials for that

purpose. A second series of experiments

were then given that were conducted at Sea-

ham Colliery, for the purpose of practically

ascertaining with certainty the advantages

obtained by the use of mechanical apparatus

as compared with firing by hand, and the

comparative advantage of various systems

of mechanical apparatus. Incidentally, at-

tention was drawn to other points, and ex-

periments were made to ascertain the best

rate of motion for the bars, thickness of fire,
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and distance of boiler from firegrate. A
third series of experiments were then given

that were conducted at Silksworth Colliery,

for the purpose of determining the relative

advantage of the Cornish boiler for colliery

purposes, as compared with the plain cylin-

drical boiler, prior to erecting a large num-
ber for the extensive new coal winning which

is now proceeding at Silksworth. Inciden-

tally, the experiments were carried out with

different qualities of coal, for the purpose of

ascertaining their comparative economic ef-

fects. The first series of experiments were

made at the pumping engine at Rainton

Colliery, which is well adapted for experi-

ments of this kind, as the engine is going

continually at an uniform speed. The boil-

ers are in one range, are all of the same
size and description, and the temperature of

the water was taken alike throughout. They
are fitted with Juckes' mechanical firegrate,

consisting of an endless chain of short lon-

gitudinal bars, traversing forwards with a

slow, continuous motion, and thus conveying

the fuel from the hopper by a self-acting

operation. Nos. 1 and 2 were covered with

one description of boiler-covering composi-

tion, and were fired by Juckes' mechanical

furnaces, 4 ft. broad ; while two wrought-

iron pipes, 2 in. in diameter, were placed

on the inner end, 1-| in. above the bars.

These pipes were necessarily exposed to the

action of the furnace heat, and, in order to

prevent them from being burnt, were con-

stantly kept filled with water. Nos. 3, 4 and

5 boilers were also fired by Juckes' furnaces,

to which were added Coulson's water-boxes.

These are the full length of the furnaces, 7

in. square, made of half-inch wrought iron
;

on the inner end they are connected with

the boiler by pipes, and have at the outer

end a sludge pipe, to remove any scale from
the boiler. Nos. 3 and 5 boilers are cov-

ered with different kinds of boiler-covering

composition, whilst No. 4 is not covered at

all. The height of the bottom of the boil-

ers above the fire bars was 2 ft. in three of

the boilers, and 1 ft. 6 in. in the others.

The quality of coal used was peas, or

screened small steam coals ; the same qual-

ity being used in all the experiments, and
the exact quantity of coal used was carefully

noted. The time taken in consuming the

coals was also noted, together with the num-
ber of gallons passed through the special

feed pipe ; all connexion with the other boil-

ers being shut off. The strokes of the en-

gine were also taken during each experiment

by means of engine counters. The result

of these experiments may be generally stated

to be :

Pounds of water
evaporated

per lb. of fuel.

1. "With boiler covering, without wa-
ter-boxes, and with boilers 2 ft.

above firegrate 4.83

2. Without boiler covering, with wa-
ter-boxes and boiler, at 1 ft. 6 in.

above fire-grate 4.G6

3. With boiler covering, with water-
boxes, 1 ft. 6 in. above fire-grate, 5.02

4. With boiler covering, with water-

boxes, 2 ft. above fire-grate. . . . 5.38

The advantages of water-boxes in increasing

the evaporative power of a boiler, as well

as in the increased economy of fuel, are

therefore very considerable, but those ad-

vantages are to a great extent neutralized

by the difficuties and increased expense in

upholding those boxes. There might be
circumstances, however, when their use

would be attended by ultimate economy.
The advantage of having the boilers at a

distance of 2 ft. above the firegate, as com-
pared with 1 ft. 6 in., is also shown by
these experiments. With 1 ft. 6 in. dis-

tance the effect was 5.02, as compared with
5.38 with a distance of 2 ft., showing an

advantage in the latter of more than 6 per

cent. It is also found in practice that the

boiler is much less injured by the action of

the heat at the greater distance. The sec-

ond series of experiments was made with the

range of boilers of the Seaham winding en-

gine, and they are under cover of a boiler

house. The boilers are all of the same
dimensions, being ordinary egg-ended cy-

lindrical boilers, with a straight flash flue

going into the main flue. No. 1 boiler was
fired by hand; the heated air, after passing

along below the boiler, returns by a side

passage, and travels all around the boilers

before entering into the chimney. After the

wheel flue experiments were made, the flue

of this kind was made into a straight flash

flue. No. 2 boiler was first fired by hand,

with a straight flash flue running direct in-

to the main flue, and was afterwards fitted

up with Stanley's self-feeding mechanical

furnace. No. 3 boiler was fired with Vicar's

self-feeding furnace. Nos. 4 and 5 boilers

were fired with Juckes' furnace, of the

same description as those already experi-

mented on at the Rainton Colliery pumping
engine. From the experiments shown in

the accompanying table, the following de-

ductions may be made : First, with hand
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firing, the quantity of water evaporated per

pound of coal, with a flash flue, is 6.66 lbs.

as compared with 5.22 lbs. with a wheel
flue ; and the total quantity of water evapo-

rated is 441 gallons per hour, as compared
with 433 gallons per hour, showing the

marked advantage of the flash flue over the

wheel flue, not only in the economic effect

of fuel, but also of boiler space. It is pro-

bable, however, that this amount of econo-

mic effect (6.66) is considerably higher than

that obtained under ordinary circumstances,

as the fires were more regularly attended to

than is usual with hand firing. Secondly,

Juckes' furnaces. This apparatus, invented

for firing steam boilers, has been in opera-

tion some time in this district, and has

lately been adopted very largely at many
collieries in the north of England. The
advantages of this furnace are, perfect com-
bustion of smoke, and great regularity in

raising steam ; the saving, in common with

other mechanical appliances, in the wear
and tear of boilers and in manual labor in

stoking, the latter amounting probably to

£200 per year per boiler. In comparison

with hand firing, it does not seem to possess

any great advantage in economy of fuel,

the comparative economic effect being 5.09

as compared with 6.66 for hand firing ; but

the latter is probably a much higher result

than what is usually attained in practice.

Like all other mechanical appliances, it re-

quires a certain amount of care and atten-

tion in its use ; but on the whole it may be

said to be successful and economic in appli-

cation. It is not well adapted for using

Duff coal, although this is done in some in-

stances when the Duff is washed. Thirdly,

Vicars' furnaces. Of all the mechanical

apparatuses for firing steam boilers, none

seem to be so successful as Vicars', as ar-

ranged at Seaham Colliery, though this

apparatus, erected elsewhere, seems not to

have worked satisfactorily, which was pro-

bably owing to the improvements recently

made in the apparatus. These now consist

of three distinct appliances. The traversing

bars, intended to give progressive motion to

the incandescent fuel, by a slow alternate

and intermittent longitudinal motion ; sec-

ond, the pump feeders, which alternately

press a regular supply of coal from the hop-

per to the bars; third, the water troughs,

in which the fire bars are immersed, and
which are absolutely essential, as no ordi-

nary fire bars can withstand 'the intense

heat of the fire. This furnace was in con-

stant operation at Seaham Collieries for

nine months without requiring any repairs,

and in all respects it has been most success-

ful and economic. When using the same
class of coal (peas) as in the hand-firing

experiments, the economic effect was 7.14,

as compared with 6.66 ; but the maximum
results of this furnace have probably not

yet been obtained, nor the best conditions

as to thickness of fire ascertained, the high

amount of 8.78 lbs. of water evaporated per
pound of coal being in one instance ob-

tained. This furnace is very efficient in its

action in. avoiding the formation of smoke.
The great advantage, however, attending

the use of the furnace is its applicability

to the use of Duff coal, or clust coal, with

high economic effect. It will be observed

that with dust coal the economic effect

actually reached is 6.84 lbs. of water per

pound of coal. Taking the consumption
of fuel in one of these experimental boilers

at six tons per day of 24 hours, and taking

the comparative price of Peas and Duff coal

at 3s. and Is. per ton at the pit, the com-
mercial economy effected by the use of these

furnaces over any other mechanical appara-

tus not adapted to use Duff coal will be

from £200 per year per boiler. The evapo-

rative power of the apparatus does not

appear by these experiments to be equal to

that of Juckes' or hand firing, although this

may arise, as before stated, from the fact

of its maximum power not being yet per-

fectly developed. A somewhat interesting

circumstance may be observed in these ex-

periments. The fire-bars used in this special

fire are 5 ft. 4 in. in length, whilst those in

Juckes' apparatus are 6 ft. 6 in. in length

;

but although the heat of the fire in Vicars'

grate was much more intense than in the

Juckes', the pyrometric observations in the

flue beyond the boiler invariably showed

much lower temperature from the former

than from the latter. It would seem, there-

fore, that the heat developed in the grates

of the Vicars' is of considerably higher

intensity than that of the Juckes', and as

effectual in its action on the exposed sur-

face of the boiler, so that the absolute heat

remaining on arriving at the flue is then re-

duced below that of Juckes'. The experi-

ments with Stanley's apparatus give very

irregular results, showing that a lengthened

series of experiments, as to speed of dis-

perses, thickness of fire, etc., would be re-

quired before the maximum effect could be

regularly attained. In this apparatus, the
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coal falls through crushing rollers on to

two dispersers, or rapidly revolving discs

with radiating ribs, which scatter the coal

uniformly through the fire by centrifugal

action. The advantages of this furnace are

that it permits of the use of Duff, or dust

coal, and a comparatively large amount of

fuel can be consumed per square foot of fire-

grate surface. As compared with hand
firing, a much lower economic effect is ex-

hibited, being 4.74 against 6.66; but it is

more than probable that this arises from the

Stanley apparatus not being in all respects

arranged to obtain its maximum effects. A
few experiments were made with this fur-

nace after the addition of Whittaker's tra-

versing bars, but not sufficient to yield any
reliable data. The third series of experi-

ments with single tubular boilers were
made with two boilers erected at Silksworth

Colliery, for temporary purposes, which
were fortunately of exactly the same size,

and were constructed with a single tube.

They had been previously in use at the

Londonderry blast furnaces blowing en-

gine, and were then set over the fire-grate,

the draught returning through the tube and
thence round each side of the boiler. At
Silksworth one of these boilers is set in a

similar way, the other having a fire-grate

fitted up in the tube and used as a Cornish

boiler. This series of experiments was in-

tended also to show the useful effects of ex-

ternal heating surface, and by an arrange-

ment of dampers the smoke could be either

taken at once up the chimney, or made to

pass all around the outside of the boilers by
the external wheel flue. The following are

the chief deductions to be drawn from these

experiments : First, the advantage in No. 1

boiler, of using the wheel flue, overtaking

the smoke direct through the tube to the

chimney, is as 5.51 to 4.87 ; secondly, there

is a slight disadvantage in No. 2 boiler

using the return tube through the boiler and
the side flues, instead of taking the flame

direct from under the boiler to the chim-

ney, being as 4.72 to 4.94. The general

results of these experiments tend to show
the advantage of flush flues, having the

usual large heating surface. The most im-

portant point, however, to be deduced from
the experiments was the small evaporative

power of the boilers when fired through a

single tube, as compared with the result of

firing underneath the boilers, being only 604
and 690 gallons evaporated by the former as

compared with 1344 and 1243 by the latter

method, the economy of fuel being about the

same in each case. The chimney, however,

used for these boilers was only temporary,

and not capable of producing a draught
sufficient for the wheel flues. This fact ren-

ders it impossible to make any comparison

between these experiments and those made
at Seaham Colliery. It must be borne in

mind that these boilers are by no means fair

specimens of the Cornish boilers; and ar-

rangements are being made to carry out a

series of experiments to ascertain the evap-

orative power and economy of the Cornish

boiler as compared with cylindrical boilers.

These experiments will be made with boil-

eres recently erected at Hetton Colliery,

of improved construction. In conclusion,

the writer expressed his thanks to Messrs.

P. B. Hood, Wm. Armstrong, jr., and
Emerson Bainbridge, for their careful at-

tention in carrying out and tabulating the

experiments.

ACCUMULATED HYDRAULIC POWER.
From " The Engineer."

We divided this subject into five heads in

in our first article,* namely: (1) Cost of

generating the power
; (2) Loss by friction

;

(3) The cost of the machinery
; (4) Conve-

nience of application ; and (5) Cost of main-

tenance. These heads we only treated gen-

erally and collectively in that article, as our

object was to take a sort of " bird's-eye

view " of the question ; to be afterwards

amplified in dealing with each point in de-

tail. In dealing practically with complex

problems it is impossible to adopt any sys-

tem of division or classification which can

be adhered to throughout. It is necessary

at certain points to admit of a little over-

lapping of the divisions. We shall endeavor

to keep the various divisions as distinct as

may be, but we shall not hesitate to sacrifice

mere classification to the more important

considerations of clearness and practical

convenience. Having thus far explained

the "base of operations," we shall proceed

to the discussion in detail of the " cost of

generating the power."

Water pressure, such as we are discussing,

can only be obtained by pumping into an

accumulator, as the high pressure required

exceeds that of any natural "head." As,

for instance, in the case of the extensive

sets of hydraulic cranes, hoists, &c, which

have been introduced by Sir W. Gr. Arm-

* Seo Van N.'s Magazine, September, page 778.
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strong & Co., the pressure most commonly
adopted is 700 lbs. per square in.—a pressure

corresponding to a head of about 1,600 ft.

It is needless to observe that such a " head
"

as this is not obtainable either naturally or

artificially in any of those localities where

it would be commercially available. Even
the lower pressures of 300 lbs., and 500 lbs.,

per square in., which have been adopted in

our chief steel and iron works, would require

respectivelyel evations of 700 ft. and 1,150 ft.

These pressures, therefore, are only obtaina-

ble by the use of a loaded accumulator, and

a fortiori, those higher pressures of two and
three tons per in.—of which we shall treat

in the course of our present inquiry—are

necessarily so obtained.

We shall first consider those cases where
a steam engine is employed to work the

pumps, such being the rule, though it will

be necessary to discuss some very important

exceptions. With the question of the eco-

nomic production of steam in the boiler we
have not to deal, nor is it within our present

purpose to discuss any points affecting the

engine per se; though both these parts of

the general apparatus must play a most im-

portant part in determining the question of

absolute economy. Their selection lies, how-
ever, in the province of steam engineering.

It will be necessary, nevertheless, to con-

sider the use of the steam in the engine as

far as the same is affected by the construc-

tion of the hydraulic apparatus and the mode
of conveying power from the engine to the

pumps. The simplest way of looking at the

work to be done is to consider the accumula-
tion of the power merely in the light of a

load raised a given height. The " head " of

water which would correspond to the pres-

sure per square in., is the measure of the

height to which the load is to be raised, if

such load be taken as the weight of the wa-
ter pumped. If, on the other hand, the load

on the accumulator be taken as the load to

be raised, the distance through which the

ram of the accumulator is raised is the meas-

ure of height. In the first case we have a

small load raised to a great height ; in the

latter a larger load lifted through a less

height. The first represents the amount of

work by a theoretical expression, while the

latter gives the actual state of the case. We
shall have occasion to refer to each in its

place, but we may call attention to the fact

that the first is by far the more convenient,

as the quantity of water pumped can be at

once stated, or, in practice, ascertained by

measurement; the total lift of the ram of

the accumulator could, on the contrary, only

be ascertained by complicated systems of

addition and substraetion, the actions of the

machines keeping the ram in a constant state

of upward and downward movement. We
have got, then, a load, which is continuous,

to be lifted to a given height. This load is,

by its very nature, inelastic, and to raise it

by an elastic force, as of steam, requires

special adaptations to guard against waste of

power. Clearly, the worst possible way to

raise a load by steam power would be by the

direct action of the steam, as, expansion be-

ing impossible, the steam must be discharged

with the major portion of its energy unde-

veloped. Yet we have seen this done where
an engine of the "direct-acting" class, with

the steam piston-rod passed through the ends

of the steam cylinder into two small hydrau-

lic cylinders, was used for pumping into an

accumulator at a pressure of about two tons

per inch. Not only is there here the ruinous

waste of steam, but as the speed of the

steam piston cannot exceed that of the hy-

draulic pistons, a very large steam cylinder

would be required to work a sufficient quan-

tity of steam.

The speed of hydraulic pump plungers

working at high pressures must be slow

while a high speed of piston is advisable for

steam engines, as reducing the cost and size

of the engine and also facilitating expansion.

The steam piston should run at from five to

ten times the speed that the hydraulic plun-

gers work at. It is therefore necessary that

some sort of intermediate gearing should be

used between the engines and the pumps
;

and also that provision should be made in

the engine for a sufficient power of momen-
tum to enable expansion to be fully carried

out. There is a great advantage in the fa-

cility with which expansion can be carried

out in engines employed in pumping into ac-

cumulators. No self-acting expansion gear

worked from the governor is necessary ; the

load being constant, the cut-off may also be

constant. Where engines are specially made
for this work, it is advisable to use two cyl-

inders connected to cranks set at right an-

gles on one shaft. On this shaft should be

a fly-wheel of a weight suited to the rate of

the engine and the degree of its expansion.

A second shaft should, by means of short,

strong cranks, drive the hydraulic plungers,

these cranks being opposite to each other.

This second shaft is to be geared to the first

by accurately made tooth gearings of the
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proportions before mentioned. Snch a con-

struction as this is simple and in every way
effective.*

It is requisite to provide an arrangement

to the accumulator, such that when the rau
reaches a certain height, the supply of steam

to the pumping engine may be cut off ; and

also that when the ram falls a little below

that point, the engine shall be retarded. The
valves of the pumps and accumulators must

be as straight in the passages as they can be

made, and the pipes between them as free

from bends—particularly sudden ones—as

may be. The propelling of the water

through bends and all confined passages is

analogous to the drawing of a loaded car-

riage over stones or other impediments, and
seriously increases the load against the en-

gine. It is also a mistake to use pipes of

small diameter, since there is a loss of pow-
er, not only in increasing the velocity of the

current of water, but also in the greater

surface presented by such pipes in proportion

to their area. In employing long ranges of

pipes it is better to put an accumulator at

each end. The pumps should in all cases

charge the accumulator by pipes distinct

from the service pipes, which convey the

water to the machines, as otherwise there

will be continually opposing currents in the

pipes when the machines are in use.

In some situations it may be found advan-

tageous to work the pumps by means of a

water-wheel or a turbine. The principles

laid down in treating of the use of a steam

engine for this purpose are applicable to

such cases, except as regards the remarks
about securing expansion. With the water-

wheel or turbine the motor and the load are

alike inelastic. From the shaft of a water-

wheel the hydraulic pump plungers would
be worked direct, while from a turbine a

very great reduction of speed would be re-

quired ; but in neither case would the addi-

tion of any " vehicle of momentum " be

requisite.

We have spoken entirely of loaded, to the

total exclusion of atmospheric accumulators,

for the following reasons : In charging an

atmospheric accumulator the diagram would
show a curve of compression indicative of

the power required for the work of charging.

In using the pressure it would be impossible
to obtain anything even approaching' the re-

* Before saying too much about the simplicity of
this engine, the author should look into the Worth-
ington duplex pressure pump used in American steel
works.

—

Ed.

verse curve ; therefore a serious waste of
power must result. But. this is not all. A
very considerable amount of heat must be
evolved which is totally lost ; while there is

yet further the weighty practical objection

that the pressure continually diminishes as

the machine operated moves. The inconve-

nience and loss thus caused are very serious,

as a very great amount of power is used,

and there is the least of it where the most
is required. These shortcomings are in

themselves sufficient to condemn the atmos-
pheric accumulator ; added to these is the

very great risk of keeping air at so great a

pressure. In most cases where atmospheric
accumulators have been put up they have
since been abandoned. The inducement to

use them lay in their small first cost, and
the absence of working parts to keep in

repair.

There is one advantage appertaining to

the atmospheric accumulator, namely, its

causing little or no shock to the machines
and fittings. With loaded accumulators as

usually made, this shock is very injurious,

and is only partially met by " relief " valves ;

in fact, the "relief" valve is usually fitted

to ease the shock in stopping the machines
by letting back the pressure against the ac-

cumulator. The load on the ram ought to

be suspended on strong but lively springs, to

take up the momentum of the load after a

"fall." We have ourselves seen a load of

twelve tons dropped 9 ft. with such quick-

ness as to be practically equal to a free fall

of that distance. For such a load to be
suddenly stopped by an inelastic fluid like

water must be eminently injurious to all the

fittings and joints. Such injuries might be
to a great extent guarded against by the

adoption of efficient springs. In the annu-

lar " dished spring "—a simple steel washer
—invented by Mr. F. A. Paget, C. E., and
extensively applied to similar purposes on
railways in France, we have just the thing

required—a spring which can be placed

round the rod by which the load is suspend-

ed, thus occupying little room, and capable

of any amount of reduplication. The cheap-

ness of these springs—which will do in Bes-

semer steel—is of importance as regards the

question of cost which we are discussing.

Where machines are at long distances

from the accumulator, it may be advisable

in some cases to put "relief" plungers in

small cylinders, with either weights or

springs to absorb some part of any sudden
shock occurring. In all cases where the
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work is heavy and intermittent, particularly

if the power has to be conveyed long dis-

tances, its generation and conveyance by hy-

draulic apparatus will be a source of economy.

The economy of having a constant load

against the engine has been already pointed

out ; and the economy of conveyance through

long distances will be perceived from the

fact that water pressure conveyed through

upwards of two miles of pipes showed no

perceptible loss of power. Shafting, on the

other hand, if carried to any considerable

length, absorbs a great deal of power to over-

come its friction, entails a constant expense

for lubrication, and is subject to considerable

wear and tear. In conveying power by
water, the distance makes but little differ-

ence in friction, there is no expense for lu-

brication, nor is there much w?ear and tear.

Beyond this, pipes are cheaper to lay than

shafting, can be laid where shafting cannot,

and do not require protection from dust.

As against these sources of economy may
be set the fact that, when not fully loaded,

there is a proportionate loss of power with

hydraulic machines, since the power used is

always the maximum, whatever the load may
be. It is questionable, however, whether

the economic working of the prime mover
does not more than counterbalance this ; and

while with shafting, machines must be start-

ed and stopped suddenly, with hydraulic

pressure any graduation can be obtained.

There is also a beautiful steadiness of mo-
tion—due to the want of elasticity in the

water—which is of great value in most me-

chanical operations. We shall have a better

opportunity of speaking of this latter advan-

tage in dealing with the fourth division of

our subject.

In connection with the cost of generating

and accumulating the power, we would call

attention to the feasibility, in many cases,

of aiding the pumps by returning the water

under pressure from a descending load.

Take the case of a lift, where heavy wagons

or cages have to be raised full and sent down
empty. It would, in such a case, be possi-

ble to effect a considerable economy by lead-

ing the exhaust pipe direct to the pumps

;

as whatever might be the pressure exerted

by the descending load, to that extent would

the engine be relieved, and a corresponding

economy effected. A case of this kind oc-

curred at the Mersey Ironworks. A steam

pressure of 45 lbs. was required to charge

the accumulator when the water was dis-

charged from the exhaust in the ordinary

way. On changing the arrangement, so as

to carry the exhaust water in confinement to

the pumps, 25 lbs. sufficed. The merit of

this arrangement is due to Mr. W. Clay. A
somewhat similar arrangement has been for

some years in use at Newport in Monmouth-
shire. In this case a small ram is driven

back against the pressure of an accumulator

by the descent of a box loaded with coal

;

such box being then discharged into the col-

liers' hold, is raised by the power accumula-
ted by its descent, the difference of the

weight when empty allowing for the friction

of the apparatus. In some instances it is

preferable to use a counterbalancing weight.

These conti-ivances are, however, noticed

here merely as means of attaining economy
in the power. Their further discussion will

come under the head of designing hydraulic

apparatus.

We have advanced sufficient proof of the

comparative economy of accumulated power
for many purposes; its absolute cost will of

course greatly depend on purely local causes,

such as cost of fuel and labor.

FEED WATER.

ITS CHEMICAL AND PHYSICO-CHEMICAL
EFFECTS.

F. A. Paget, Esq., C. E.

From "The Locomotive."

The wear and tear of a boiler which oc-

curs in the form of corrosion, properly so-

called, may be divided into two principal

kinds : (1) internal and (2) external. The
progress of both is necessarily intensified by
the mere effects of temperature ; each, how-
ever, has its strongly marked, distinct char-

acter—not merely as to position, but also as

to origin and results.

A steam boiler is in the position of a ves-

sel into which large volumes of water are

continually forced ; while the heat applied,

driving off all volatilizable matter, leaves

behind a concentrated solution with a chem-

ical character dependent on that of unvola-

tilizable matters in the feed-water. The
specific gravity of the substances found in

the water naturally causes them to sink to-

wards the bottom, at which part the solu-

tion is generally more concentrated, how-

ever much it may be stirred up by the ebul-

lition. Mr. J. 11. Napier lately stated that

a piece of zinc " about 4 ft. long, by 3 in.

broad, by TVn - thick, placed in a marine boil-

er for three weeks " to a depth of 18 in. in the

water, showed a corrosion which rapidly de-
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creased "up to the highest part, which, in

the steam, appeared to be little affected."*

This accounts for the fact that all boilers,

even those internally fired, like locomotive

boilers, have their plates most affected to-

wards the bottom, and that internal corro-

sion always shows itself to a greater extent

below the water line. The bouilleur of the

form of boiler known as the French boiler,

is also generally more affected than any
other part. To resist this sort of slow ac-

tion, it is clear that the more the bulk of

metal the better, and it is for this reason

that the bottom plates of most marine boil-

ers are made thicker, while these same
plates in locomotive boilers have to be often

renewed. Any chemical or physico-chemi-

cal action of the kind is of course intensified

by temperature, and this is one of the causes

why externally fired boilers give way most,

a little in front of the furnace. But the

plates above the water line also get more or

less corroded, and not merely with the usual

character of rusting, but in that peculiar

form known as pitting, which generally

shows itself much more strongly marked be-

low the water-line.

The presence of a concentrated solution

of an acid or alkaline character, kept at a

high temperature for years in contact with

iron plates, would be sufficient to account for

much corrosion. But the internal corrosion

of steam boilers has many features of such

a mysterious character, that no accredited

explanation of its attendant phenomena has

yet been put forward. In the first place,

plates thus attacked show a number of irreg-

ular holes like a pock-marked human face,

or like the small craters seen on the moon's
surface.

The writer has also sometimes observed

two or three little irregular excavations like

this in a plate otherwise showing a large

surface quite intact. Sometimes the plate

is most pitted round a projecting bolt ; at

others, one plate will be perfectly sound,

while that riveted to it will be almost eaten

away, both having been the same time at

work, and under, of course, apparently ex-

actly similar conditions. With locomotive

boilers this pitting has been ascribed to gal-

vanic action between the brass tubes and the

iron plates. But it is notoriously well

known to locomotive superintendents, that

boilers with iron tubes are often worse pitted

than those which have run the same distance

* Institution of Engineers in Scotland, Session
1864-5.

with brass tubes. Besides, all iron boilers,

with or without brass, whether used for sta-

tionary, locomotive, or marine purposes, are

subject to pitting.

An explanation which seems to meet all

the circumstances of the case is the follow-

ing : Mr. Mallet, in a report addressed to

the British Association, some years ago,

showed that wrought-iron and steel (blister-

steel, probably) " consist of two or more
different chemical compounds, coherent and
interlaced, of which one is electro-negative

to the other." In fact, ordinary wrought-
iron, being also welded up from differently

worked scrap, is far from being an electro-

homogeneous body. In a boiler, the hot

water, more or less saturated with chemical

compounds, is the exciting liquid, and the

electro-positive portions of the plates are

thus quickly removed to a greater or less

depth. This explanation meets most of the

known circumstances with respect to pitting;

it even, in a great measure, explains how
plates above the level of the water, especial-

ly in marine boilers, get very rapidly cor-

roded in portions, while another part of per-

haps the same plate is scarcely affected.

The concentrated water in a marine boiler is

known to be generally acid. " Of all the

salts contained in sea-water," says Farra-

day,* " the chloride of magnesium is that

which acts most powerfully " on the plates.

He shows that a cubic foot of sea-water con-

tains 3.28 oz. of this salt; and, at the same
time points to the danger of voltaic action

in a boiler through the contact of copper

and iron. In a smaller degree the contact

of cast with wrought-iron, or between the

different makes of wrought-iron in the same
plate, or between contiguous plates, acts in

the same way. It is not improbable that

some hydro-chlorate acid is present in the

steam of marine boilers. " Mr. J. C. Fors-

tert has tested some of the condensed steam

from the safety-valve casing, and from the

cylinder-jacket of the Lancefield, and found

both decidedly acid. I With an exciting

liquid in the condensed steam, it is thus ex-

plicable how the plates of marine boilers

often get corroded in a most capricious man-
ner ; while at the same time, the current of

* Fifth Report of the Committee of the House of

Commons concerning the Holyhead Roads, p. 194.

f Institution of Engineers in Scotland, 1864-5.

Introductory address, by Mr. J. R. Napier.

\ When a solution of chloride of magnesium is

evaporated nearly to dryness, the salt and the water
are decomposed, magnesia and free hydro-chloric

acid being formed ; or MgCl -f HO = MgO + HC1.
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steam would create a certain amount of fric-

tion on the oxide, clearing it away to act on
a fresh surface.

The crucial test of this explanation of

pitting would be the observation of the ab-

sence of the phenomenon from plates of an
electro-homogeneous character. This homo-
geneity could only be expected from fused
metal, such as cast steel. Accordingly,
while the writer was in Vienna a short time
ago, he was 'assured by Mr. Haswell, the

manager of the Staatsbahn Locomotive
Works, that some locomotives made of cast

steel plates, in 1859, for the Austrian Staats-

bahn, had been working ever since without
showing signs of pitting, though under simi-

lar conditions iron plates had severely suf-

fered in this way. Pitting may thus be
fairly denned as a form of corrosion local-

ized to particular spots by voltaic action. It

is also probably aggravated through the mo-
tion of the plate by mechanical action, and
the expansions and contractions through al-

ternations of temperature. All boilers are

most pitted near the inlet for the feed-water,

and with inside cylinder locomotive boilers

there is generally more pitting at the smoke-
box end—no doubt caused by the more or
less racking action on these plates. A state

of corrosion at particular spots would prob-
ably be kept up to a greater intensity by
the incrustation being mechanically thrown
off. With a quicker voltaic action, caused
by any unusual intensity of the exciting

liquid, the sides of the cavities in the plates

would be sharper and less rounded off; as

in the case of a boiler fed with mineral water
from ironstone workings, which exploded
last year at Aberaman, South Wales.

The fact that pitting occurs in marine
boilers when distilled water from surface

condensers is used, does not effect this ex-

planation. Water distilled in this way, from
whatever cause, after repeated boiling, is

stated to carry the salinometer even higher
than sea water, thus proving that it is not
pure.* In the next place there is the ab-

sence of incrustation, which to some extent
protects the plate3 of boilers from the chem-
ical action of its contents. In this way the

mechanical buckling of the plates—directly

and indirectly causing the furrows we have
spoken of—by continually clearing particu-

lar lines of surface from incrustation and
oxide, reduces these particular spots, with

* Institution of Mechanical Engineers, 1863. Dis-
cussion on Mr. James Jack's paper '-'On the Effects
of Surface Condensers on Steam Boilers."

Vol. I.—No. 10.—61.

respect to corrosion, to the condition of the

plates of a boiler fed with water which de-

posits no incrustations. Corrosion will also

act more rapidly at a furrow through mere
increase and renewal of surface. To resist

that form of internal corrosion specially

known under the name of pitting, a maxi-
mum of electro-homogeneity is evidently

required in all the component parts of the

boiler.

While the action of internal corrosion,

often very equally corrugating the plates

over a large surface, as a rule scarcely, at

any rate only gradually, affects their me-
chanical strength, external corrosion, being
localized to particular spots, is of a much
more dangerous character. The one is

gradual and easily perceptible, while the

other is rapid and insidious in its progress.

Apart from accidental circumstances affect-

ing the brickwork on which a stationary

boiler is erected, or the outside of the bot-

toms of marine boilers, it is clear that ex-

ternal corrosion can only occur through
leakage. When leakage takes place through

a crack in the plate caused by mechanical

action, or at a hole burnt out by heat, the

effects of leakage are only secondary results,

due to a primary cause which of itself may
cause the stoppage of the steam generator.

But a leakage at a joint may in itself gradu-

ally cause the destruction of the boiler.

Here we see another reason that the charac-

ter of a boiler, not merely as to ultimate

strength, but also as to wear and tear, inti-

mately depends upon the form of its joints.

It is often noticeable that very good lap-

joints, even when tested under hydraulic

pressure up to only 50 per cent above the

working load, sweat more or less. The ten-

dency of the internal pressure to form a

correct circle bears indirectly on these

joints, causing them to open, more or less,

and to leak, in spite of the caulking. Mr.

Robert Galloway, C. E., who, as an engi-

neer surveyor of long standing of the Board
of Trade, has probably made more than

three thousand careful inspections of marine

boilers, states that he has often noticed a,

furrow or channel on the outside of the-

joint, running parallel to the outside over-,

lap for some distance, and evidently caused

by leakage. Along the water line, con-

densed water will act on the joints, while

below it the concentrated contents of the

boiler will come into chemical action. A
leakage in a marine boiler often eats away
a plate within a year. In some cases a jet
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of hot water from a leakage has a frictional

action ; in fact, even with such an incorro-

dible and hard substance as glass, an effect

like this has been perceived, and a slight

leakage continued during several days some-
times produces a noticeable furrow on a

glass gauge tube. With sulphurous fuel, a

powerful chemical action will come into play

on the plates. One volume of water takes

up about thirty volumes of sulphurous acid

gas ; and these sulphurous fumes of the fuel,

coming into contact with the water from a

leakage, will be more or less absorbed. An
acid solution like this must quickly eat

away the plate. It is certain that a leakage

acts much quicker on a boiler fired with sul-

phurous fuel than on one fired with wood.
M. G. Adolphe Hirn has observed a plate,

nearly seven-eighths thick, to be pierced, in

the course of time, as with a drill, by means
of a little jet which struck it after passing

through a current of hot coal smoke.*

CONDENSATION IN STEAM ENGINES.

By M. E. Couste, Government Director of Manuf.

Translated from " Annales du Genie Civil."

(Concluded from page 805.)

It is apparent that, among the causes of

the inferiority of the surface condenser,

incrustation is one of the most efficient. It

will therefore be proper to examine whether
there be any method of preventing, or, at

least, of diminishing it.

1st. The condensing water, whether de-

rived from wells, from rivers, or from the

sea, always contains incrusting salts, such as

bicarbonate of lime, in the case of fresh

water, and bicarbonate of lime and magne-
sia in salt water. These salts, losing a por-

tion of their carbonic acid, will deposit neu-

tral carbonates upon the exterior face of the

condenser, unless they are converted into

soluble salts by the addition of sulphuric

or hj'drochloric acid. But as sea-water, and
most fresh water, contains more than .0002 of

carbonates, the use of these acids, however
cheap they may be, would be very expensive.

2d. As to the interior surface, nothing

can prevent its incrustation. Indeed, sup-

posing even that the feed water be perfectly

distilled, and contain no salt in solution, it

will still hold in suspension insoluble mat-
ters, resulting from the boiler cements, from
the wear of sliding surfaces, and especially

from the oxide of iron, which is produced

* Bulletin de la Societe Industrielle de Mullhouse,
.1861, p. 558.

abundantly. The steam, carrying a certain

quantity of these substances in a state of
minute division, deposits them upon the
condensing surface, where they form a crust,

which is much aggravated by the lubricants,

also introduced by the steam. It would bo
hopeless attempting to remedy these difficul-

ties by filtering the water after is.suing from
the condenser, and before injection ; this

would be merely a palliative, since incrust-

ing matter is constantly forming in the boil-

ers, in the cylinder, and in the steam pipes.

3d. Finally, these substances, supplied by
the various members, are by no means the

only ones which contribute to the incrusta-

tion of the internal face. Practically, it is

impossible to make a surface condenser per-

fectly tight. The extent of surface required

necessitates the use of very many small flues

(4,000 to 5,000 for an engine of 350 horse-

power). In the great number of joints oc-

casioned by these flues, owing to the fre-

quent alternations of temperature, there will

always be some leaks, through which the

exterior water will be forced by atmospheric

pressure. The water in the boiler thus be-

comes rapidly charged with incrusting

matter, which is deposited in crystals of car-

bonate and sulphate of lime, and, in the

case of sea water, of free magnesia.

It may also be remarked that with the

cold water entering through imperfect joints,

are introduced the gases which it holds in

solution, whose presence in the flues of the con-

denser neutralizes the effect of the vacuum.
4th. The incrustation of the surface con-

denser is therefore inevitable. But will it

be practicable to diminish it by a systematic

method of cleaning ? In a previous paper
on the incrustation of boilers I indicated, in

reference to a structure having a close re-

semblance to the surface condenser, a meth-
od of cleaning, which might be applied here.

It consists in providing an alternate con-

denser, thus admitting of the rest of one of

them which would allow the application to

the exterior of the flues of a weak solution

of hydrochloric acid, in order to dissolve the

carbonates, and to the interior, of a concen-

trated boiling solution of carbonate of pot-

ash, in order to break down the thick scale

and facilitate its removal by means of the

ordinary flue scraper.

Having established the general theory of

condensation, and deduced the superiority of

the injecting over the surface condenser,

and having enhanced this superiority by in-

dicating the improvements of which it is
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susceptible, it remains to demonstrate that

it is applicable to marine engines, as well as

to other condensing engines, and to describe

the method of its application.

The obstacle in the way of condensation

by injection in marine engines working at

high pressures is not in the principle of

condensation, but in the water-supply of the

boilers. By the mere elevation of tempera-
ture the feed water precipitates its calcareous

salts, even without the added effect of pro-

gressive concentration, and deposits them in

the boiler, partly in the form of scale, which
diminishes the transmission of heat, and
partly in the form of small crystals, which
gather upon the heating surfaces. When
the pressure does not exceed 1.5 to 2 atmos-

pheres, or the temperature does not exceed
121°, the point at which sea-water dissolves

twice the quantity of sulphate of lime which
it contains naturally, blowing out may be
resorted to at suitable intervals. This will

retard, but will not wholly prevent incrusta-

tion. But even this resource is no longer

available when the pressure rises to 2.4 at-

mospheres and the temperature to 127°,

since, at that point, the water begins to depo-

sit its sulphate as soon as it enters the boiler.

It is essential, then, to obtain a feed wa-
ter free, or nearly so, from calcareous salts,

and for this purpose the surface condenser was
devised as a simple method of obtaining dis-

tilled water, which was most reasonably sup-

posed to be eminently suited to boiler supply.

Generally speakiug, then, the function of

the condenser may be said to consist of two
distinct acts : 1st. Transferring the heat of

the steam to cold water, thereby condensing
the former. 2d. Eliminating from the en-

gine all of this heat, except so much as is

returned to it in the feed water. In both
forms of the condenser these two acts are

performed simultaneously\ and in the inter-

val of time occupied by two strokes of the

piston. But the general performance of the

engine requires only that the first act should

be accomplished rigidly within the time just

mentioned ; the other may be effected at

leisure with the sole condition, that it be
done in such a manner as not to impede the

condenser. This state of facts allows the

practical application of the monohydric prin-

ciple of condensation, which consists in

ejecting into the condenser the same water,

continuously and repeatedly, which will be
non-incrusting, if previously deprived of its

calcareous salts, and in refrigerating it each
time it passes the condenser, without inter-

mixture with the cooling water. It is clear

that if refrigeration is made a separate op-

eration, entirely independent of the conden-

ser, we shall have all the advantages of in-

jection and a non-incrusting feed water.

This principle is not new. It has already

been applied to pumping engines in mines
where the water is acid and corrosive. I

have myself given an application of it in a
memoir on incrustation, with the plan of a

refrigerator for effecting the repeated cool-

ing of the injected water. I propose to em-
ploy it as an accessory of an engine, provi-

ded with an injecting condenser, and for a

detailed description of it I beg leave to re-

fer to the memoir in the Annales des Mines
(September and October, 1854). The follow-

ing is a brief description of the refrigerator

:

" The water drawn from the condenser is

raised by a pump to a reservoir placed at an
elevation of several meters, and underneath
this reservoir is located the refrigerator,

composed of vertical copper tubes, surround-

ed by a cylindrical copper shell. The warm
water descends from the reservoir through

the tubes, which are immersed in the cold

water, which is constantly renewed by a cur-

rent moving from below upwards, i. e., in a di-

rection contrary to that of condenser water."

It is plain that the apparatus employed
in the English practice as a surface conden-

ser might be used as a refrigerator, requir-

ing only to be placed in such a manner that

the tubes be vertical instead of horizontal,

or slightly inclined. The vertical position

is essential to a regular and perfect method
of refrigeration, since it exposes the des-

cending water to colder surfaces of refriger-

ating water the lower it descends.
" To avoid the incrustation of the inte-

rior surface caused by the lubricants there

may be occasionally introduced into the

tubes a hot alkaline solution, which will sa-

ponify the crust. For cleaning the exterior

surfaces of the tubes a process is adopted

analogous to the preceding. It consists in

introducing into the cold water space a weak
solution of hydrochloric acid, which will

dissolve the carbonates. By means of a

system of suitably arranged valves both op-

erations may be effected promptly, without

labor and without deranging the action of

the engine."

As to the details of construction, espe-

cially the setting of the tubes, their diame-

ter, etc., one could not do better than fol-

low the established rules of English prac-

tice for surface condensers.
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Although I see no reason to doubt the

efficiency and success of the monohydric sys-

tem of condensation, I think it might be

well to examine some particulars of the pro-

cess. The quantity of heat to be withdrawn
from the apparatus, for each stroke of the

piston, is^ (650

—

6). This,obviously enough,

is the same quantity which is carried off by
the cold water, which circulates around the

exteriors of the tubes of the English sur-

face condensers, and, finally, is also the

same as that which should be removed from
the condensing water by the refrigeration.

In the condensers the transmission of heat

takes place by virtue of the difference of

temperature expressed by

(a— b),and a= —— , which is greater than 6.

In the refrigerator this transmission takes

place by virtue of (9—b). This is a disad-

vantage, as it reduces the rapidity of the

cooling ; but it will be largely compensated
by the absence of air in the tubes, by the

regularity of the process, and by the dimi-

nution of scale. In brief, the ratio of one

sq. meter per horse power, adopted in Eng-
land for surface condensers, will be more
than sufficient for the refrigerator. Were it

otherwise it would be easy to increase this

surface until the desired effect be obtained.

"With respect to leakage in the joints, which
has been discussed with reference to the

surface condenser, we should find the same
difficulty recurring in the refrigerator, but
only in an immaterial degree ; since, on the

one hand, the pipes of the refrigerator would
be subjected to much smaller changes of

temperature, and on the other, there would
be no difference between the interior and
exterior pressures. Again, the intromission

of gas, which is a serious matter in the sur-

face condenser, is of no particular conse-

quence in the refrigerator.

The presence of a small quantity of sea

water in the feed water, far from being an

evil, will be beneficial. It would cause a

slight incrustation, which would protect the

plates against oxyelation and the deposit of

grease. This would add to the conductibility

of the metal, provided the scale remain
within the limits previously described.

It has been determined in England that,

in engines having surface condensers, there

is a corrosion due to the grease brought into

the boilers by the feed water. This sub-

stance accumulates constantly, producing

numerous cavities in the plates, thus short-

ening the life of the boilers and exposing

them to the danger of explosion. The Eng-
lish remedy this difficulty by introducing

into the feed water a small quantity of sea-

water, which gives rise to a slight protective

incrustation of the metal. To this precau-

tion some people add another, viz : omitting

to lubricate the piston and slide valve, thus

extirpating the evil at its source. This

mode of procedure is undoubtedly a great

sacrifice. Still, it may be necessary in sur-

face condensation, but it is not so in the

monohydric system—a consideration strongly

in favor of the latter.

It might be feared that the increase of

weight and bulk required by the refrigera-

tor would be a difficulty. But, it will be

remembered that the refrigerator is merely
a surface condenser with a change of func-

tion, and the English have found means of

placing in vessels of all sizes surface con-

densers having more than a square meter of

surface per horse power. Their experience

for the last four years or more ought to re-

assure us on that point. We may close this

paper with a statement of the following gen-

eral conclusions : There is great advantage

in using steam at high pressures in marine

engines. Two methods of its application

seem to present themselves : 1st, the surface

condenser ; 2d, the injecting condenser on the

monohydric principle. The injecting con-

denser is, on principle, much superior to the

surface condenser; this superiority is express-

ed by the ratio of the parts of the resisting

work, due to the retardation of condensa-

tion, in each apparatus respectively,

Tci—pSL ^o*Ef
Tcs—f S L^Z'Jti 2

Ra
and o being always very small as com-

pared with R
{
and 2.

By the injecting system it is possible to

reduce the resisting work of the back pres-

sure to \ of what it is in the actual inject-

ing condenser, supposing the most favorable

conditions ; conditions which in the surface

condenser are ideal, and can never be rea-

lized by reason of the friction of steam in

the tubes, the presence of air and of incrus-

tations, which are formed within and without.

The suiface condenser consequently is sub-

ject to perturbations which may deteriorate

considerably, and even counterbalance the ad-

vantages of high pressure. The injecting con-

denser will realize these advantages simply

and surely. Hence there is good ground for

abandoning surface condensation and employ-

ing injecting condensation on the monohydric

principle.
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AIR m ILLUMINATING GAS.
From a paper in the "American Journal of Science
and Art," " On the effect of Atmospheric Air when
mixed with Gas in reducing its illuminating pow-
er," by B. Silliman and Heney Wurtz.

The data given in this article were ob-

tained during an investigation of the Hydro-
carbon Gas Process by the " Givynne-Har-
rzs," or " American System,'''' some notice of

the results of which we propose to publish

in a future number of this Journal. In the

course of this investigation it became im-

portant to measure exactly the effect of at-

mospheric air in reducing the illuminating

power of gas. Owing to a mechanical de-

fect in the apparatus connected with the ex-

hauster, it was found that a variable quan-
tity of air had for some time found its way
into the gas holder, the influence of which,

in diminishing the brilliancy of combustion,

was sufficiently conspicuous before the cause

was ascertained. The only experiments on
this subject known to us when its study was
undertaken by us, were those of Messrs.

Audouin and B6rard* (also quoted in the

American Meter Co's. Pocket Almanac).

By these results the ratio of loss in illumi-

nating power by the addition of each one

per cent of air appeared to us so enormous,

that we were desirous of confirming them.
Subsequently we became acquainted with an

important paper on this subject by Mr. Carl

Schultz,t the main points of which are re-

produced in this article ; as they appear to

* Ann. de Ch. et Phys., 3d series, vol. lxv, p. 423,

1862.
-j- American Gaslight Journal, Aug. 1, 1860, p. 41.

have escaped attention, the author having

modestly given us only his initials, and the

journal in which they appeared being almost

inaccessible to scientific readers.

In conducting this research we soon found

that the attempt to introduce, by measure,

a given volume of air into the gas holders

connected' with the photometric apparatus,

was attended with many sources of error,

and that the requisite accuracy could be ob-

tained only by the eudiometrical analysis of

each successive mixture.* The apparatus

employed consisted of two gas holders of ten

cubic feet capacity each, connected in such

a manner that each could be used indepen-

dently, or the contents of one transferred to

the other and back again to secure a com-
plete admixture of the contents. The air

was introduced by opening a stop-cock con-

nected with the interior, and adding weights

to the counterpoise, measuring the influx by
a centissimal scale of equal parts attached

to the drum of each holder. This rude ad-

measurement was controlled by an analysis

of each mixture. This required also the

prior analysis of the street gas on each oc-

casion, columns 8, 4 and 5, of the accom-

panying Table I, show the results of these

mixtures as made known by the eudiometer.

The illuminating power of each sample was
determined by the Bunsen photometer on

* Our labors in this research have been greatly-

aided by the facilities courteously extended to us by
the officers of the Manhattan Gas- Light Company, in

New York, who with great liberality placed at our

disposal their well appointed experimental labora-

tory and apparatus at their Eighteenth St. Station.

TABLE I.

Dates. Den 5ITIES. Composition. Illuminating Power.
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street mains.
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the average of fifteen successive observa-

tions of one minute each, with the usual

corrections. Columns 6 and 7 give these

results, and in columns 1 and 2 will be

found the corresponding densities deter-

mined by diffusion.

Since the air added in each case is ren-

dered as gas by the meter during the pho-

tometric measurement, it is important to

determine the illuminating power of the gas

alone after deducting the known volume of

air present. The results of these calcula-

tions are given in column 8. In columns 9

and 10, the loss of illuminating power is

given ; in 8, in terms of the candle power
lost for each admixture, and in 9, this loss is

stated as a percentage. The ratio of loss of

illuminating power in percentage volumes of

gas and air is given in column 11, and in

column 12 is the loss of power correspond-

ing to each one per cent of air added.

The results of the analyses and photome-

tric measurements are more conspicuously

seen in the curve projected from columns 5

and 10 of the table upon the annexed dia-

gram, on which the vertical and horizontal

scales are as 1 : 3.

The following inferences depend upon the

data herein given, viz :

1st. For any quantity of air, less than 5

per cent, mixed with gas, the loss in candle

power due to the addition of each 1 per

cent is a little over T
6
ff
ths of a candle (.611

exactly) ; above that quantity the ratio of

loss falls to -g a candle power for each addi-

tional 1 per cent up to about 12 per cent of

air ; above which, up to 25 per cent, the loss

in illuminating power is as shown by column
12 of the table, nearly

i
4 ths of a candle for

each 1 per cent of air added to the gas. In

column 11 of Table I, the ratio of loss in

candle power is given in percentages for the

several volumes, while in column 10 the de-

structive effect of air upon the illuminating-

power of gas is most conspicuously exhibit-

ed, 12 per cent of air destroying over 40 per

cent of the illuminating power. In the dia-

gram this loss of power is represented by
the numerals in the right hand column,

which are inverse to those in column 10,

and stand with the maximum intensity =
100.

2d. With less than \ of atmospheric air,

not quite 15 per cent of the total illumina-

ting power remains; and with between 80
per cent and 40 per cent air, it totally dis-

appears.

Now, during December and January the

h}-dro-carbon gas made at Fair Haven had
often as much as 12 per cent of air in it

;

during the month of February the air, by
analysis, averaged nearly 9 per cent ; while

in March, after the separation of the pump
from the exhaustion apparatus, the air was
reduced at times to nearly nothing. By col-

umn 3 of the table it will be observed that

the air found by analysis in the street gas,

at the Eighteenth Street Station of the

Manhattan Gras-Light Co., New York, aver-

aged nearly 2 per cent, and the New Haven
city gas contained about the same quantity.

We allow, therefore, this quantity (2 per

cent) as a normal amount of air in street

gas; and, consequently, in the journal of

the daily operations with the hydro-carbon

process at Fair Haven,* these corrections

have been applied
;
giving in two columns

the "corrected candle power," by the addi-

tion of the ratio determined in our Manhat-
tan experiments, and the " corrected vol-

ume," or yield per pound of coals carbon-

ized, air being deducted." It is obvious

that the records of the station meter give

the contaminating air as gas, and without

the correction thus obtained, the apparent

yield is too great.

In large gas-works the liability to con-

tamination by air accidentally introduced

from various causes, diminishes in pro-

portion to the total make of gas, and an

amount of air which, when diffused in a

very large volume of gas, becomes insigni-

ficant, if confined to ten or fifteen thousand

feet daily product, will become a most seri-

ous injury to its illuminating power. This

cause of deterioi*ation in gas has been over-

looked almost entirely by gas engineers; but

in all small gas-works it deserves special

attention, and we have no doubt that the

low illuminating power, too often obtained

in such works, is largely due to this cause.

Results of Messrs. Audouin and Berard.

—We have already alluded to these results,

obtained by Messrs. A. and B., which form

part of an important memoir published in

1860, under authority of the French Gov-

ernment " upon the various burners employ-

ed in gas lighting, and researches on the

best conditions for the combustion of gas."

Their table, which we append for the sake

of comparison, shows " a considerably high-

* The Hydro-carbon Gas Process. Report of work-
ing results on a large scale under the Gwynne-Harris
Patents, Nov., 1868, to May, 1869. by Benjamin Sil-

lirnan, M. A., M. D., and Henry Wurtz, M. A., N.
Y. 8vOj p. 126, printed for private distribution.
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er ratio of loss than we have obtained, being

rather more than six per cent loss for each

one per cent of air added to the gas, reach-

ing a total loss of SO per cent with 15 per

cent of air added ; while we obtain 57.53

per cent loss with 16 per cent ; and 93 per

cent loss with 20 per cent air, while with
the latter volume of air added, we get 72.-

90 per cent loss. These differences may be

accounted for by the French trials being
made upon a gas of not more than 12 can-

dles' power, our trials being made on a gas

averaging nearly 15 candles. Also, by the

fact that in the French experiments the gas

was burned from a batswing burner, ours

from a standard Argand.
In the experiments of Messrs. Audouin

and Berard, two gas holders of equal capa-

city were filled, one with standard gas, and
the other with the same gas mixed with 1,

2, 3, etc., per cent of air. Each fed a

burner of the second class, regulated to a

consumption of 140 liters of gas per hour.

The illuminating power of the two were
compared by making that of the pure gas

equal unity. The results are given in the

following table, where each figure gives the

mean of 6 or 8 concordant observations.

TABLE II.

Showing the results of mixture of
Messrs. jludouin and L

air with gas, bij

erard.
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92
92

1

2
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9
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.94
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.82

.74

.67

.56

.47

.42
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6
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67
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93
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100
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42
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40
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96
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86
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24

100
100
100
100
100
100
100
100
100
100
100
100
100
100 92 45

92 so100

By this table it appears that the introduc-

tion of 6 to 7 per 100 of air, suffices to

diminish the intensity by one half, and a

mixture of 20 of air with 80 of gas leaves

almo.3t no illumination. Unfortunately
Messrs. A. and B. do not record the actual

illuminating power of their standard gas,

which, however, we are led to believe can-

not be more than 12 candles of the English
and American standard.

We have already alluded to the experi-

ments of Mr. Carl Schultz, and annex be-

low a summary of his results.

Mr. Schultz concludes from his experi-

ments, that the loss of illuminating power
due to the addition of air to gas, is about
one-half of one candle for each one per
cent of air added. He makes the very
remarkable observation, that, within limits,

the addition of air to very rick cannel gas,

up to 12 per cent of air, was followed by no
loss of illuminating power, but, on the con-

trary, by a small gain. Thus, boghead
cannel gas, giving for 88 per cent gas an
illuminating power of 27.47 candles, or for

100 per cent gas 31.32 candles, with 12 per
cent of air, gave 28.29 candles, showing
that 12 per cent of atmospheric air had in-

creased the illuminating power of the flame

by .82 candles. These results are obtained
only by the use of an Argand burner. By
substituting an intensity burner for the Ar-
gand, the results obtained with gas from
boghead conform to the rule of half a can-

dle loss for each one per cent of air. (Bev..

Mr. Bowditch also states generally, that,

"impurities are far less destructive of light.

in Argand burners.")

Mr. Schultz sums up his results in the

following propositions :

1st. When coal gas is mixed with atmos-
pheric air, its illuminating power for all 5

ft. burners is reduced in the proportion of

half a standard candle to every 1 per cent

of air present, except in case of very rich

gas burned with a 15 hole Argand.

2d. One cubic foot of atmospheric air

will destroy an amount of light equal to 10

English standard candles, during one hour.

3d. This loss being constant, the percent-

age of aggregate loss will vary with the illu-

minating power of the gas used.

While our results confirm in general those-

of Mr. Schultz, in 1860, and of Messrs.

Audouin and Berard, in 1862 ; it is obvious;

that the ratio of loss, with equal increments

of air added to a 15-candle gas, is by no'

means constant. The difficulty of obtain-

ing exact results, by the method of mixture-

of measured volumes is so considerable,

especially with quantities below 10 per ct.,

that the only safe control of the results is-

that which is obtained by eudiometrical

analysis of the several mixtures tested, as

was done by us in all cases both, before and
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after the addition of air. It is obvious that

the surprising loss of intensity by the addi-

tion to illuminating gas of small percentages

of air must be owing not merely to the in-

terior combustion due to the presence of

oxygen, but still more, probably, to the

associated nitrogen, which acts not only as a

diluent, or deductive quantity, but its spe-

cific heat is an actual divisory function in

diminishing the flame temperature. The
interesting observation, first made by Mr.
Schultz, that in very rich cannel gas there is

actually an increase of intensity within cer-

tain limits due to the presence of oxygen,

suggests another series of experiments with

successive additions of oxygen to a gas of

high illuminating power, which we propose

to undertake at our early convenience, as

also another series upon mixtures of pro-

gressive quantities of carbonic acid.

Note.—Erdmann's Photometer (" Gasprufer")
depends on the use of air to destroy the illuminating
power of gas. Elster has employed this instrument
in a series of researches, undertaken to determine
the theoretical illuminating power of different mate-
rials (" Journal fur Gasbeleuehtung," Munich, 1862,

p. 384, et seq.) After removing the illuminants by
sulphuric acid, he found that ordinary illuminating
coal-gas required 150 volumes of air to destroy com-
pletely the yellow flame of 100 volumes of gas. If
the amount of light obtained by the addition of one
per cent of olefiant gas to the decarbureted gas em-
ployed in a definite burner, is called one candle, it

was found necessary to add 6.5 per cent of air to de-
stroy the illuminating power of this gas containing
one per cent of olefiant gas, or to destroy one candle
power. As a like quantity of carbon, carried to a
white heat, produces always, in a gas burning from
the same burner, the same quantity of light, and it

requires the same quantity of air to transform it into

carbonic acid, we may regard an ordinary 12-candle
gas as a mixture of an unknown non-luminous gas,
holding in suspension during combustion a quantity
of white-hot carbon, equivalent to 12 per cent of ole-

fiant gas, and requiring, consequently, a quantity of
air equal to 210 volumes for 1U0 volumes of gas (88

X1-5+12X6. 5=210). Each additional candle power
requires an addition of 5 volumes of air, as the con-
stant indicated by these results of Elster. [Trans-
lated from Schilling, French Edition of 1868.]

In the uf e of the Erdmann apparatus, it is found
that the volume of air required completely to destroy
the illuminating power of coal-gas ranges from 188 to

245 volumes per 100 volumes of gas, varying with its

richness.

These results, it will be observed, harmonize in a
satisfactory manner with those obtained by us, as em-
bodied in Table I.

Every chemist will at once recur, also, to the ac-
tion of air upon gas in the Bunsen burner, in constant
use in all laboratories provided with gas—an instru-
ment identical in principle with the Gasprufer of
Erdmann.

Steel Rails.—Certain tests of the duc-

tility of steel rails are about to be insti-

tated at the works of the New York Central
Railway, at West Albany. We will ti-y to

give our readers the result in our next issue.

THE MECHANICAL VENTILATION OF
MINES.

By Mr. William Cochrane.

Abstract of a paper read before the Institution
of Mechanical Engineers at Newcastle.

It must be admitted that in the great ad-

vance which has been made in the develop-

ment of mining enterprise, and looking to

the future requirements of our local coal

fields, adequate ventilation is not inferior in

importance to any of the problems which the

mining engineer has to solve. The earliest

records of mining make us acquainted with

the readiest mode of ventilation, no provi-

sion beyond the natural conditions being

adopted; and so long as mines were only

worked to a very limited extent by levels or
" adits," and if by shafts, of very small

depth, the natural system was found to an-

swer all requirements ; only there was this

disadvantage— that, with thermometrical

variations, the determination of the current

of air was dependent on the average tempe-

rature of the mine being above or below
that of the external atmosphere, a condition

constantly varying and interchaning through-

out the year, and therefore not permitting

any certainty of action in the direction or

quantity of air which can be used for venti-

lating the mines. This system is still used

in mines of limited extent, and where, from

the nature of the mine, very small resist-

ances are offered to the current of air circu-

lating. In some cases, under these condi-

tions, as in the Staffordshire "thick coal"

mines, the determination of the air into a

particular course is often ensured by placing

a fire lamp in the upcast shaft. Such a con-

trivance, however, can only produce a very

small effect, and is therefore of limited ap-

plication. On a larger scale, however, this

principle has formed the most generally

adopted system of mine ventilation in this

country, namely, that of the furnace. This

paper then described the system now most

generally in use, and went on—Much discus-

sion has arisen as to the best system of fur-

naces and the most economical mode of feed-

ing them with air. The following were the

results of some recent experiments that had

been made at different collieries in the north-

ern coal fields under various conditions and

depths of shafts, extent of workings and

thickness of the seams of coal, and were re-

duced for the purpose of comparison to the

duty that one pound of coal consumed, effect-

ed per horse power on the air circulated in

the mine, the pressure being indicated by a
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water gauge placed in the mine, and there-

fore representing only the work done in

overcoming the friction down to the mine,

and exclusive of the work required to over-

come the friction resistance of the two shafts.

The general result of the experiments was
that that duty varied from 37 lbs. to 101 lbs.

of coal per horse power on the air taken up-

on currents of air ranging from 40,000 to

120,000 cubic feet per minute. Depth of

shaft, it is said, is the most important con-

sideration for the efficient application of a

furnace. There are other conditions, how-
ever, which it is necessary to secure, name-
ly : that the shaft be dry, and that it be

lined with a good heat-retaining material. It

is considered a fair estimate of the economic

value of the average conditions in which fur-

naces are worked that only five degrees of

the heat due to the combustion of the coal

are utilized. There are many objections,

besides the small useful effects in the use of

the furnace, which cannot be overcome, and
which form a constant source of cost attend-

ant upon it, namely : the necessity of clean-

ing the flues and the consequent suspension

of the active ventilation of the mine ; the

inconvenience, and in some cases the impos-

sibility, of using a shaft highly heated and
often full of smoke, for any other purpose

than as a ventilating shaft, and the serious

damage done to cast-iron tubing, timber,

pumps or wire ropes, where winding is car-

ried on in the up- cast shaft by the products

of combustion, especially where the shaft is

damp. If the conditions are unfavorable for

the use of a furnace—such as shallow shafts

and heavy resistances to be overcome—the

furnace is then quite unable to compete with

a good mechanical ventilation for economical

effect. The limit of the furnace as a venti-

lating power is soon reached where the re-

sistances offered by a mine are heavy ; and
this objection materially led to the adoption

of other means to meet the conditions under

which the furnace would fail to afford a suffi-

cient ventilation. Machines for blowing fresh

air into or exhausing the foul air from mines

were adopted in the very earliest times, es-

pecially abroad, where the conditions of the

seams are such as required more efficient

means than the furnaces supplied. Hence it

is that mechanical ventilators are very nu-

merous abroad, while in- this country, until

very recently, they were quite exceptional.

In a table compiled by Mr. J. J. Atkinson,

Government Inspector for the Durham coal

field, has been shown the depth at which fur-

naces are estimated to be equal to ventilat-

ing machines in point of economy of fuel,

assuming that the sources of loss are of the

same extent in each case ; that is, the loss

of fuel in furnaces by cooling in the upcast,

and in ventilating machines the power ex-

pended in overcoming the useless resistan-

ces, and that the ventilating machines util-

ized 60 per cent of the engine power. The
general result is that the minimum depth at

which the economy by the two plans is equal

is 960 yards, with an average upcast tempe-
rature of 100° Fahr., and a depth of 1,130
yards with 200° Fahr. temperature, esti-

mating a consumption of 8 lbs. of coal per
hour per indicated horse power of the en-

gine. A recent calculation by M. Guibal,

of Mons, deduces the following comparisons :

that if a furnace in a 12 ft. shaft, 400 yards

deep, circulate 53,000 cubic feet of air per

minute under the total resistances represent-

ed by 3J in. water gauge, and an average

excess of upcast temperature of 108° above
the downcast, with a duty of 31 lbs. of coal

per horse power in air estimated upon the

total resistances—a mechanical ventilator

utilizing 60 per cent of the power employed
would, under the same conditions, have a

duty of 11 lbs. of coal per horse power in

the air, being a saving of 64 per cent. At a

depth of 550 yards to circulate the same
volume, the duty of the furnace being 22
lbs. of coal, that of the mechanical ventilator

would be 11 lbs., being a saving of 50 per

cent. The paper then classified the mechan-

ical ventilators which had been used under

two heads—first, those working by centrifu-

gal action ; and, second, those working as

pumps. Of those of the first class, one had
been described at the last meeting—the

Guibal ventilator, at Crudley Colliery, Staf-

fordshire. The largest example, it went on,

of that class erected in this country will be

seen at the Thrislington Colliery. It is 36

ft. diameter and 12 ft. in breadth, driven by
a horizontal cylinder 30 in. diameter and 30

in. stroke. This ventilator has only been

recently erected, and is not yet ventilating

any large extent of working, but some ex-

periments have been made with it, from

which the following results have been ob-

tained. The regulating shutter was not

properly adjusted so as to give the best re-

sults of working, and the drift to the upcast

shaft was too small for accurately increasing

the current of air, amounting to 80,000

cubic feet per minute. With 54 revolutions

per minute a water gauge of 2% in. was
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maiutained at the inlet ; with 70 revolutions

a water guage of -i| in., and with 80 revolu-

tions a water guage 6^ in. After giving the

results of other Gruibal ventilators in opera-

tion, the paper continues : In order to make
a fair comparison of the G-uibal ventilator

with the furnace, the following case of the

Pelton Colliery, Durham, is given, as it is

the only one where the data have been
accurately ascertainable respecting the

replacing of the furnace by this mechanical

invention. In this case the duty obtained

by the furnace was 102 lbs. of coal per hour
per horse power in the air estimated, on the

water gauge of ^ in. indicated in the mine,

and a current of air of 35,000 cubic feet per

minute ; and the duty was reduced by the

ventilator to 20 lbs. per hour per horse

power with a current of 54,000 cubic feet,

and a water gauge of 2 in. indicates in the

same position. This shows a saving of fuel

by the adoption of the Gruibal ventilator in

place of the furnace, amounting to 80 per

cent. The class of ventilators to which the

Gruibal belongs is that of centrifugal action,

and in the same class may be mentioned the

Biram, Nasmyth, Brunton, Rammell and
Waddell ventilators. [Diagrams of the Nas-
myth, Rainmeli and Waddell ventilators

were exhibited.] A Biram ventilator (simi-

lar in principle to the Nasmyth, with the

exception of the vanes being inclined to the

radius) the writer has experimented upon at

Tursdaie Colliery, Durham, and found that

only 12 \ per cent was utilized of the gross

power supplied from the steam boilers ; and
from experience with other open running

fans, he considers that percentage cannot be
materially exceeded with any form of open
fan without a casing. A Waddel ventila-

tor, recently erected at Pelton Colliery,

utilizes only 39 per cent of the power ap-

plied ; and a Rainmeli, at Framwellgate
Moor Colliery, does not exceed 40 per cent

of utilized power. The Gruibal utilizes 60
per cent of the power applied. Except the

Gruibal, all the other ventilators of this type

discharge throughout the entire circumfer-

ence ; but that this is a defect can be infer-

red from the fact that if such a fan running

open have the access of air into its center

stopped, great power will still be required to

make it revolve, though no useful work is

done. The useless work done upon the ex-

ternal air in this case is done to a diminu-
tion of useful effect, when the fan is ex-

hausting air supplied at its center from any
mine drift or passage. It was anticipated

that the Waddell ventilator would obviate

this defect by arranging the air passages

through fans of a gradually decreasing sec-

tion from the center to the circumference,

so that the velocity of rotation at any point

multiplied by the sectional area of passage

at that point should be constant, thus tilling

up the fan with the issuing air, and prevent-

ing the possibility of re-entries. In this case

the re-entries cannot be seen as in the

Biram, wdiere the eddies of air all round the

circumference are easily distinguished, but
that they do evidently arise is proved by
the lower power utilized. The Brunton,
which closely resembles the Waddell and
the Rammell, cannot be expected to yield

any better results. By the kind permission

of Mr. Daglish, the results of a Rammell
ventilator, recently erected at the Framwell-
gate Colliery, are here given : diameter of

ventilator 22 ft., with 20 in. steam cylinder

and 102 revolutions per minute ; volume of

air 53,600 cubic feet per minute, wdth a

water guage of 2^ in.; result, 40 per cent

utilized. One of the chief reasons of the low

useful effect of these exhausting fans is that

they are exposed throughout the entire cir-

cumference to the external air, which rushes

in behind the vanes to supply the vacuum
formed by their revolutions ; but this vacu-

um ought to be supplied only from the mine
to be ventilated, and it was this considera-

tion, and the practical proof that this injuri-

ous effect wTas inherent in open running fans,

that led to the casing of the Gruibal ventila-

tors, and discharing the air at only one part

of the circumference. This step, however,

was attended with the objection that the air

was discharged with a high velocity, viz :

the velocity of the periphery of the fan, and
carried away with it a most important store

of force, the partial utilization of which has

been effected by adapting the principle of

evas,ed tubes to the expanding chimney, in

which the casing of this ventilator termi-

nates. The air entering its base at a high

velocity, leaves the chimney at a reduced

velocity proportionate to the increased area

of the outlet, and in this action restores a

considerable amount of power it would other-

wise carry off. An adjustable shutter was

next found necessary, in order to regulate

the size of the outlet and the various condi-

tions of the volume of air rerpiired and re-

sistances. A series of very interesting ex-

periments had been made, showing the

steadily improved results obtained from the

ventilator, as the casing chimney and shut-
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ter, in its accurate adjustment, were con-

secutively added. Generally, as to the

powers supplied from the steam boilers for

working these ventilators, 60 per cent was

found to be utilized ; but it must be noted

that this amounted to at least 80 per cent

of the power actually transmitted to the

ventilator, as one-fourth of the boiler power

must be allowed for the loss due to the fric-

tion and imperfection of the steam engine.

One of the ventilators (of which several ex-

amples were now in use in this country of 36

ft. diameter) had been recently started in

Belgium of 40 ft. diameter, but detailed ex-

periments had not yet been made upon it.

It was arranged to work at the speed of 80

revolutions per minute, producing a ventila-

tion of 150,000 to 200,000 cubic feet of air

per minute, under a depression of the water

gauge of about 7 in., which was certainly

the maximum requirements of any known
condition of mines. Indeed there could be

no question that any practical requirement

in the ventilation of mines could be satisfied

by this system, and it could not be surpassed

in simplicity of construction, small liability

to accident, and the little wear and tear to

which its working parts were subject. The
paper next pointed out the peculiarities in

the Guibal ventilator—as to the concentric

form of the casing and as to the curving of

the vanes—and it then dealt with the second

class of mechanical ventilators—that in which
the principle of variable capacities, as in the

pump, was involved. Struve's air-pump ven-

tilator was the best known of the class, and
consisted of two gasometer-formed pistons

working in rings of water, alternate upward
and downward strokes drawing air from the

mine, and forcing it into the atmosphere by
means of suitably arranged valves. The
Struve was, when well constructed and in good
order, capable of producing a very satisfac-

tory exhaustion, but for certain reasons it

did not offer the advantages for mine venti-

lation which the centrifugal action fan did.

The useful effect was from 40 to 45 per cent

of the boiler power, when all the working
parts, and especially the air valves, were in

good condition. In conclusion (to quote the

words of the paper) the economy of fuel, if

neglected hitherto, has now become of para-

mount importance. To increase the amount
of air in any given time, the mine requires

the consumption of an increased quantity of

fuel, proportionate to the cubes of the vol-

umes ; thus, for twice the volume eight

times the fuel. Hence the best system of

ventilation is that which, under the same

conditions of mine and the same amount of

first outlay, produces the maximum work for

one pound of coal consumed, so long as such

ventilation compares satisfactorily with any

other in the points of durability and cost of

working, and possesses the quality of adapt-

ability to all the varying conditions which

are met with in mining operations.

I^est-s of Steel Kails.—Messrs. John
. A. Griswold & Co.'s circular thus de-

scribes their method of testing steel rails

:

" 1st. A test ingot from each five-ton

ladleful of liquid steel is hammered into a

bar, and tested for malleability and hard-

ness, and especially for toughness, by bend-

ing it double cold. In case any test bar

falls below the standard established as suit-

able for rails, all the ingots cast from that

ladleful of steel are laid aside for other uses.

"2d. All the ingots, and each rail rolled

from them, are stamped with the number of

the charge or ladleful. A piece is cut from

one rail in each charge, and tested by placing

it on iron supports a foot apart, and dropping

a weight of five tons upon the middle of it,

from a height proportioned to the pattern of

rail. A blow equivalent to a ton weight

falling 10 to 15 ft. is considered a severe

test. We use a five-ton weight falling from

a less height, believing that it more nearly

represents in kind (although it of course

exaggerates in severity) the test of actual

service in the track.

" In case a test rail does not stand the

blow deemed proper and agreed upon, the

whole of the rails made from that charge or

ladleful of steel are marked No. 2, and sold

for use in sidings, where their possible

breaking would do no great harm, and where

their greater hardness and resistance to wear

would be specially valuable.

"In addition to this double test, the rails

are rigidly inspected for surface imperfec-

tions.

" We believe that these tests render it

practically impossible for us to send out rails

of inferior quality.

"We farther invite railway companies to

send inspectors to our works to witness the

tests mentioned, and other tests and inspec-

tions agreed upon."

The Ellershausen Process.—We give

elsewhere some interesting details. In a

future number we shad describe a modification

which will prove of still greater interest.
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BOILER EXPLOSIONS.
From a paper on "Government action with regard

to Boiler Explosions. A statement of various
plans for the object of discussion." Read before
the British Association by Mr. Lavington E.
Fletcher, C. E.

It is not in accordance with the rules of

the British Association for Reports present-

ed by Committees appointed to investigate

and report on certain subjects, to be dis-

cussed in the meetings of the Sections.

There are circumstances, however, at the

present time, that render it especially im-

portant that the opinion of the members of the

British Association should be fully expressed

on many of the questions touched on in the

report just read relative to Coroners
1

Inquests

and Steam Boiler Explosions. The Home
Secretary stated in his place in the House of

Commons very recently that he would do his

utmost, in the recess, to prepare a measure
for the suppression of steam boiler explo-

sions, so that it is of great importance that

suggestions from all parties should be invi-

ted on this subject, and that the various

plans proposed should be fully considered,

so that the whole question may be well

sifted. Under these circumstances I have,

under the advice of one of the Secretaries of

the British Association, prepared a brief sec-

ondary paper, on which it will be in order

to raise a discussion. After the Report
already presented to the Association, rela-

tive to Coroners' Inquests and Boiler Ex-
plosions by the Committee appointed to un-

dertake that duty, I need do nothing more
in this paper than name the points on which
it is desired to obtain the views of the mem-
bers of the Mechanical Section of the Brit-

ish Association.

The constant recurrence of boiler explo-

sions, and the number of lives annually
sacrificed therefrom, has aroused public at-

tention to this subject. The public begin
to suspect that these disasters are not so acci-

dental as it has for a number of years been
attempted to make out, but that they might,
after all, be prevented. The system of pe-

riodical boiler inspection has proved itself

sufficient to accomplish this task, and there-

fore the public naturally ask—why do not

all steam users have their boilers inspected,

and if they neglect this simple precaution,

which has now been adopted by so many for

the last fourteen years, why should not the

law step in and compel them to adopt it ?

This, therefore, opens the first question,

whether it is expedient or not for the Gov-
renment to interfere in the matter of the

prevention of steam boiler explosions, and
if so, in the second place, what would be the
best mode in which the Government action
should be taken. In answer to this second
inquiry there are at least three plans now
before the public, of which a brief outline
may be given.

One of these plans is that the Government
should take the supervision of every boiler
in the country, with the exception of loco-

motive and marine, and through the medium
of the Board of Trade should test all new
boilers, and periodically examine them when
set to work, as well as all others already in

use, the examinations being made both when
the boilers are at rest, as well as when at

work with steam up.

All Englishmen have a strong dread of

Government interference, and of the intro-

duction into this country of the continental

paternal system, fearing lest it should ham-
per progress and fetter individual action.

This measure therefore is one which, to say
the least of it, is calculated to provoke con-

siderable opposition.

Another plan is, to render inspection com-
pulsory, but not that the Government should

take the task of examining boilers into its

own hands, that is to say, it is proposed that

no steam user should be allowed to work a
boiler that had not been examined and cer-

tified as safe by some local inspection asso-

ciation or insurance company, duly author-

ized by the Government as competent to the

task.

This plan has certainly less of the air of

the continental paternal system about it,

and appears more adapted to the usages of

this country, though it by no means appears

to be free from difficulty in its application.

It is important that the integrity of the in-

spections should be preserved, and it may
be well to suggest for consideration, whether

there might not be a difficulty in securing

this if the question of deciding on the safety

of all the boilers in the country was handed
over to a number of competing joint stock

companies. Joint stock companies clearly

exist for the sake of dividends, and it is dif-

ficult to see, if they are to be paid by steam
users for granting certificates for the safety

of their boilers, how the integrity of those

certificates could be secured under a pres-

sure of competition for business. Judges,

to be impartial, should not be remunerated

by those whose cases they have to adjudi-

cate, more especially if their payment de-

pends on giving satisfaction. It is feared
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that under such a system, inspections might
grow lax, and that the sale of certificates

would soon be not unlike the sale of indul-

gences in days gone by. It is therefore a
point for discussion how far it would be wise
to commit the safety of all the boilers in

the country to the charge of commercial
competing companies intrusted with the

monopoly of the sale of boiler certificates.

Possibly there may be some way of meeting
this difficulty, but it was thought well to

throw it out for discussion on the present

occasion.

A third plan is that every steam user
should be left perfectly free to lay down
what description of boiler he may think best,

and to enrol it or not, either with a Boiler
Inspection Association or Boiler Insurance
Company as he sees fit, and, indeed, that he
should be free to do just what he likes as

long as he does not burst his boiler, but in

the event of explosion it is proposed that

the Government should then step in, make a

most searching investigation of the facts,

and publish the information for the benefit

of the community at large. On this system
the steam user would be left perfectly free

in his choice of means, but would be held
responsible for results, and, in the event of

explosion, -would be open to a claim for

damages from relatives of those killed by
the failure of his boiler. This plan, it is

argued, would act preventively, inasmuch
as it would, it is hoped, arouse to suitable

vigilance all those connected with the use of

steam, which is all that is required for the

prevention of steam boiler explosions.

These are three of the principal plans now
before the public. The first proposes to act

on the paternal system, and to take every
boiler under the Government wing. The
second does not propose that the Govern-
ment should undertake any inspections itself,

but that it should leave them to duly author-

ized local associations, rendering it, however,
compulsory that the steam user should avail

himself of one or the other of these organi-

zations. The third plan goes on the prin-

ciple of believing every man innocent till he
is proved guilty, and of punishing offenders

in the hope that by so doing a repetition of

the offense by others will be prevented.

Such is a brief recapitulation, and but
little more, of the measures now before the

public, while the few suggestions that have
been added to this brief recapitulation have
been thrown out more to stimulate discussion

than by way of advocacy in the case of

either plan, and full discussion is now invi-

ted on these questions from the members of
the Mechanical Section of the British Asso-
ciation.

ON CANTING RAILS.

By W. Airy.

From "The Engineer."

It will generally be found on railways
that the amount or cant on curves which the
outer rail receives is considerably less than
the theoretic cant due to the highest ordi-

nary speed maintained on the line. Never-
theless it is maintained in works on civil en-
gineering that the full maximum cant which
the formula demands ought to be insisted

upon. Now, when experience has led to a
universal system of departure from theory,
it may safely be affirmed to be practically
correct, and the writer had abundant oppor-
tunity of investigating the question. There
are two important reasons why the cant
should be kept under rather than over the
cant due to the highest ordinary speed on
the line. First, because a train goes more
steadily round a curve when bearing con-
stantly and firmly against the outer rail;

and secondly, because when bearing hard
against the outer rail, the coning of the
wheels assists the motion round the curve.

Now, with regard to the first of these reasons,

it is well known that nothing tends so much
to make engines run off the line as allowing
play between the rails. So long as the

wheels run steadily and closely between the

rails, the train is safe, and it would re-

quire a vast force to make it leave the

metals ; but when the engine has leave to

play between the rails, it begins to roll and
oscillate from side to side, and has a ten-

dency to mount the rails and leave the line.

So well is this known that at crossings,

where great steadiness is required to avoid

injury to the points of the crossing, it is

customary to reduce the gauge to the extent,

in some cases, of | in. Now, on a curve, if

the cant be not too great to permit it, the

centrifugal tendency will ensure the steady

bearing of the wheels against the outer rail,

and the train will run steadily round ; but

if the cant be rather too large for the speed,

the engine will acquire a violent oscillatory

motion—-it will fall off from the outer rail

and oome upon the inner ; then in conse-

quence of the inequality of the lengths of

the outer and inner rails, aggravated in this

case by the coning of the wheels, it will be



942 VAN NOSTRAND'S ENGINEERING MAGAZINE.

thrown back upon the outer rail, and so on.

The above would, of itself, form a very suffi-

cient reason for keeping the cant less than

that due to the highest ordinary speed on

the line ; but if the wheels are coned as they

usually are, it would seem quite suicidal to

cant the rails so much as to throw the pres-

sure upon the inner rail ; for then the larger

circumference of the wheel would be run-

ning upon the inner rail, and consequently

upon the shorter curve; the engine would

in consequence receive a violent twist and

be thrown against the outer rail with its

front not tangential to the curve, but sensi-

bly inclined to it, and the tendency to mount
the rails would be very great. For both the

foregoing reasons it would appear advisable

in all cases to keep the cant rather below

than above that due to the highest ordinary

speed on the line, and the practice of engi-
j

neers in so adjusting the cant is fully justi-

fied.

There is a special difficulty in correctly

applying the cant at the commencement of

the circular curve. The reason is that the

curve commences abruptly, and so, in conse-

quence, ought the cant to commence abruptly.

When an engine passes off a piece of straight

apon a circular curve, it is suddenly exposed

to the full centripetal force due to that

curve ; the effect of this is to give the en-

gine a sudden jerk, similar to a blow, and

tending to twist the engine round in the

direction of the curve. The effect of this

twist, however, remains unbalanced, and

prevents a repetition of such shocks as the

engine passes along the curve : and if the

rails be not overcanted the motion is as

smooth as on a piece of straight. But it is

impossible to apply the cant suddenly, as

the curve is applied ; and to apply the cant

gradually on the piece of straight leading up

to the eurve would have the dangerous effect

of making the engine roll and oscillate as

already described. So that there seems to

be no proper remedy for this inconvenience,

except by flattening the curve at the com-

mencement, either by eye, in the manner of

platelayers, or by the use of easier and

more gradual curves than the circular curves

which are usually adopted.

There is an important question suggested

by the numerous girder bridges on the

Charing Cross Railway. Some of these, at

Southwark-street and London Bridge, are

on sharp curves, and the question arises,

Ought not the girders that carry these

bridges to be canted? Evidently they

ought. The girders are subjected to two
forces : one a vertical force due to the

weight of a train, the other a horizontal force

due to the centrifugal force of the train on

the curve. The combination of these two
forces give rise to a resultant force inclined

to the vertical, and the girders, in order to

meet this force fairly, should be also inclined

to the vertical. This inclination is by no

means insignificant in amount ; it corres-

ponds, indeed, to the inclination of a straight

edge laid across the rails to the horizontal,

when the rails are properly canted ; and this

on a girder 12ft. high would appear very

considerable. Without, however, insisting

upon the full inclination due to the centri-

fugal force, it is quite certain that a consi-

derable degree of cant might be advanta-

geously applied to the girders on curves

;

and it is, at all events, to be borne in mind
that if a girder be not canted at all, or only

moderately canted, an engine passing along

the curve at a high rate of speed puts a far

greater strain upon the girder than if it

passed at a slower rate ; and this strain at-

tacks the girder in its weakest point, viz :

its tendency to buckle. Such girders should,

therefore, be amply stiffened by lateral

plates and angle irons.

It is often necessary to check the amount
of cant which the platelayers have given on

different curves along a considerable length

of railway, and for such purposes it is useful

to have an instrument adapted to the rapid

measurement of the cant. The writer

adopted the following

method:—A B C is a

symmetrical triangular

framing of strong wooden
laths ; B C is the gauge

4ft. 8-1 in.; and A D, the

perpendicular from A upon

B C, is also 4ft. 8-iin.

From the point A is suspended a plumb-bob,

and the rod B C is graduated both ways

with inches and parts starting from the

point D as zero. Thus, if there be no cant

on the rails, and, consequently, their tops

are at the same level, the plumb-line cuts

B C at the zero point D ; and if the rails

are canted, then, since AD is equal to B C,

the deflection of the plumb-line in inches

from B* will be equal to the cant on the rails,

and the cant can be read off rapidly from the

rule itself.

The Report of the State Engineer of New
York on Railways, is just out.
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THE RESISTANCE OF ARMOR PLATES.
A paper on the Penetration of Armor Plates with

Long Shells having Large Bursting Charges, fired

obliquely, read before the British Association, by
Joseph Whitwohth.

At the meeting of the British Association

at Norwich last year, I contributed a paper

to the Mechanical Section " On the Proper

Form of Projectiles for Penetration through

Water." This paper was illustrated by

diagrams showing the effects proper on an

iron plate, immersed in a tank of water by

projectiles with flat-hemispherical and point-

ed heads.

In that paper I claimed for the flat-fronted

form of projectiles made of my metal three

points of superiority over the Palliser pro-

jectiles adopted in the service.

1. Its power of penetrating armor plates

even when striking at extreme angles.

2. Its large internal capacity as a shell.

3. Its capability of passing undeflected

through water and penetrating armor below

the water line.

This latter feature was, I think, satisfac-

torily proved by the experiments described

last year, and I now desire to draw the atten-

tion of the section to the experiments I have

made for illustrating the penetrative power

of long projectiles with the flat front, fired

at extreme angles against iron plates.

These experiments are illustrated by the

projectiles actually fired, and the plates they

penetrated, which are laid on the table.

The gun from which all the projectiles

were fixed is called 3-pounder, though capa-

ble of firing much heavier projectiles ; it

weighs 315 lbs. and the maximum diameter

of its bore is 1.S5 in.

The charge of powder used in all cases

was 10 oz., and the weight of the 6 diameter

projectiles is 6 lbs.

No. 1 is a portion of a plate 2 in. thick,

penetrated by the 6 diameter flat-fronted

projectile, at an angle of 35°.

No. 2 is a similar piece of plate 1.7 in.

thick, completely traversed at an angle of

45° by the flat-fronted projectile No. 2,

which buried itself to a depth of 30 in. in a

backing of iron borings.

No. 3 is a piece of plate 1.75 in. thick,

penetrated at an angle of 65° by the flat-

fronted projectile No. 3.

No. 4 is a plate 1.7 in, thick, nearly pene-

trated at an angle of 45° by the 3-g diameter

flat-fronted projectile No, 4.

No. 5 is a plate \\ in, thick, against which
the pointed projectile No. 5 was fired at an

angle of 45°. The projectile failed to pene-

trate the plate, being deflected by the pointed

form of bend ; the distortion of its shape

shows the force with which it struck the

plate, and proves the excellent quality of

the material which could resist such a test.

No. 6 is a plate also 1^ in. thick, against

which a Palliser projectile 2\ diameter long

made of Pontypool white iron, with the

pointed form of head, has been fired ; the

projectile has scooped out a furrow 4 in.

long and T
7
g- in. deep. It broke up into frag-

ments.

The plates Nos. 1 and 3 were purposely

thicker than the projectiles could quite pass

through, in order that the " work " of the

projectiles might be as severe as possible

;

an examinatiun of the projectiles themselves

will show how well they have withstood the

severe strain to which they have been sub-

jected.

The data thus obtained fully establish, I
think, the superiority I claimed for the flat-

fronted projectiles made of my metal, and
satisfactorily prove

:

1. That the flat-fronted form is capable of

piercing armor plates at extreme angles,

2. That the quality of the material of the

shell enables their length to be increased

without any risk of their breaking up on im-

pact, and thus increases their capacity as

shells.

3. That this increase in length, while add-

ing to the efficiency of the projectile as a
shell, in no way diminishes but increases its

penetrative power.

4. That the amount of rotation I have
adopted in my system is. sufficient to insure

the long projectile striking "end on," and
thus to accumulate the whole effect of the

mass on the reduced area of the flat front.

These experiments show, further, that the

Palliser projectiles fail to penetrate when
striking at an angle, solely on account of the

form of the head ; the Whitwoxth projectile,

which resisted the shook and did not break

up, being deflected in precisely the same
manner as the Palliser projectile which was
shivered into fragments,

The objections I made in my paper last

year to the Palliser projectile—1st, that its

form of head causes it to glance off, and, 2d,

that the brittleness of its material causes it

to break up on impact—I have now proved

to this section.

The facts illustrated by these experiments

axe not of recent discovery. Ever since

1858, I have experimented upon and o.dvo«
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cated the flat front. I have on the table a

small plate, ^ in. thick, experimented upon
in 1862, with hardened steel bullets fired

from my small-bore rifle. No. 39 is the hole

made by a flat-fronted bullet, which has

penetrated the plate at an angle of 45°. No.
40 is the indent of a hemispherical headed,
and No. 40 of an ordinary round-nosed bul-

let, both fired at the same angle of 45°.

These three rounds were fired in 1862.
Within the last few days I have had a

Palliser shaped bullet fired on the same plate

at the same angle, in order to compare the

effect produced on a larger scale on plate

No. 6. It is interesting to observe how
closely the effects obtained with the small
calibre of the rifle agree with those of the

3-pounder gun, which form the subject of

this paper.

These experiments were made with a gun
of small calibre from considerations of econo-

my and convenience, but I have always found
that what I eould do with the smaller cali-

bres of my system eould be reproduced in

the larger shies, and from my past experi-

ence I feel warranted in asserting that the

effects of penetration now exhibited could be

repeated on a proportional scale with my
9 in. guns at Shoeburyness, or with 11 in.

guns my firm are now engaged in construct-

ing,

A glance at the formidable nature of the

projectiles thrown by these guns, and a con-

sideration of the effects they may be ex-

pected to produce, will show the importance

attaching to the question of penetration of

plates by long projectiles.

The 9 in. guns, to which I have referred,

weigh 15 tons each, and are capable of firing

powder charges of 50 lbs.

A 9 in. Armstrong shell, five diameters

long, weighs 535 lbs., and will contain a

bursting charge of 25 lbs.

I have no hesitation in saying that these

projectiles would pieree the plated side of a

ship, at a distance of 2,000 yards, and at

some depth below the water line.

The 11 in. guns will weigh 27 tons each,

and will be capable of firing 90 lbs. powder
charges.

The 11 in. shell, five diameters long, will

weigh 965 lbs., and will contain bursting

charges of 45 lbs., and would pierce the side

of the ship Hercules, plated with 9 in. armor,

at a distance of 2,000 yards.

Were it not that the increased destruc-

tiveness of war must tend to shorten its

duration and dimmish its frequency, thus

saving human life, the invention of such pro-

jectiles could hardly be justified; but be-

lieving in the pacific influences of the most
powerful means of defense, I have named
these long projectiles the " Anti-war " shell.

The principle I have always insisted upon,

and laid down for my own guidance in artil-

lery experiments, when either a low trajec-

tory or penetration is required, is " that

every gun should be capable of withstanding

the largest charge ofpowder that can be pro-

fitably consumed in its bore"
I have drawn up a table of the sizes of the

bores of my guns, with their proportionate

powder charges, and can undertake that they

shall be fully equal to this duty, and realize

the highest possible consumption for a given

quantity of powder.

But the guns adopted in our naval service

are not equal to such a test, nor, as I be-

lieve, are they so proportioned as to realize

the best effect from the quantity of powder
they consume.

Four guns of 12 in. bore have lately been

put on board the Monarch ; they weigh 25

tons each, and fire charges of from 57 lbs.

to 67 lbs., and projectiles of 600 lbs. weight.

I have no doubt that these guns have been

made with all possible care, and are as strong

as their material and construction admit of

their being; but if the weight of these guns

was in proportion to the capacity of their

bore, and the material were the best that

our metallurgical skill could supply for such

a purpose, they ought to fire 117 lbs. of pow-

der, and projectiles of 1,250 lbs. weight.

These would then be indeed efficient weap-

ons, but at present they are more formidable

in name than in reality. We are often flat-

tered by being told that we have the best

guns in the world. That may or may not

be the case ; but I think we should not rest

contented while we are still so far from hav-

ing attained all that our present advance-

ment in mechanical and metallurgical science

has rendered possible to us.

ron Rails.—We hope to be able to pre-

sent to our readers in the next number, a

proof, drawn from the experience of one of

our leading railways, that good iron rails can

be produced by paying a reasonable price.

There purports to be a doubt on this subject

in the minds of our railway managers, but

we believe that they have not had an oppor-

tunity to familiarize themselves with the

facts—and these we hope to present in con-

vincing shape.
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IRON AND STEEL NOTES.

The Pomeroy Patents.—The Pomeroy Patents

Company possess the following patents for the

improved manufacture of Iron and Steel

:

1st. For the smelting and refining of Iron in the

blast, cupola, puddling, or other furnaces, by the

combination of hydrogen in the shape of steam or

water, with Franklinite or zinciferous ores.

2d. For the manufacture of cast-steel from the

refined iron.

3d. For a hot air double reverberatory furnace

for the manufacture of steel or balling up steel

sponge.
4th. For a desulphurizing, deoxidizing and car-

bonizing furnace for making steel sponge.
oth. For an improved method for manufacturing

imitation Russia Sheet Iron.

6th. For covering iron with copper or other met-
als, such as bolts, spikes, nails and sheets.

7th. For movable grate bars for the steel and
sponging furnaces, so as to keep the grates clean

without opening the doors.

The great advantage of the hydrogen process for

the purifying of iron has been abundantly proved.

But the chief object since the foundation of the

Company has been to demonstrate their steel patent

for making steel suitable for rails. For this pur-

pose they erected afurnace at Newark, N. J., which
proved of remarkable power, melting old iron rails,

refining, carburizing into steel, and casting the in-

gots in from 2| to 2± hours from the time of

charging the old rails. Some very fine ingots of

steel were produced, which were proved and tested

in Philadelphia, to be of superior quality. The
work was done in the presence of many exi erts and
other parties, who all expressed themselves satisfied

with the results. The irregularity of the old rails

and the difficulty of getting a material for the bottom
of the furnace to stand so great a heat, were the prin-

cipal difficulties encountered; but the managers
are fully persuaded that these objections will be

overcome and the process become a success when a

new and improved furnace is erected and a material

proper for lining obtained. While making these

trials, parties applied to have steel sponge worked
in the furnace to try to convert it into steel di-

rect. After many trials it was found to be im-
possible on account of the great quantity of slag

made from the sponge ; but it was found that the

furnace had superior powers for extracting the iron

and that it could then be rapidly balled up into

malleable iron, requiring only hammering to make
superior blooms for converting into steel, rolling

into rails, or other purposes.
The result being so satisfactory, the next requisite

was to get a sponging furnace that would do the

work thoroughly, expeditiously and cheaply. In

this the managers think they are successful, having
reduced the time of sponging the crushed ore to

about 3 hours, or working continuously 3 heats in

24 hours. This process formerly required ten to

twelve days, and the time has been gradually short-

ening. "With improved furnaces, they will be able

to reduce the time to six hours, or 6 heats in 26

hours. By these improvements the manufacture
of rails can be reduced from $10 to $15 per ton,

according to facilities for obtaining coal and ore.

The quality will also be very superior to the iron

now used for rails, and by proper care in balling up,

a small percentage of carbon may bo left in the
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bloom to form the head of the rail, thus making it

but little inferior to a steel headed rail. Another,

great advantage, and a very important one is that

the expensive blast furnace will be dispensed with,

and works to turn out an equal quantity of blooms,

can be erected for about half the cost of furnaces

to turn out an equal quantity of pig iron. The
furnaces are all so simple in construction and working

that there is no great risk of any serious accidents,

and only a moderate degree of wear and tear;

thus avoiding the great peril of blast furnaces; also

the time for erecting works to make blooms, would

not be but half the time required to erect blast fur-

naces. At the experimental works at Newark,
magnetic 60 per cent ore has been worked. The
balls made were hammered and rolled at Trenton,

into a rail 28 feet long, 68 lbs. to the yard, weigh-

ing 626 lbs. This rail has been pronounced by
_
all

who have seen it, as of superior quality and finish.

A piece of the head from the waste end of the rail,

has been tested by Whitney & Sons, Philadelphia,

for tensile strength, as follows :

No. 1, piece tested 66,712 lbs., per square inch.

2, " 66,850 " " "

Average, 66,780 " " "

This is 25 per cent stronger than common rails,

and ten per cent stronger than the standard for:

bridge iron.

The ore was good, but had 1^ per cent of sul-

phur and \ per cent of phosphorus in it, and yielded

50 per cent in the balls. The great strength is

mainly due to the fluxes used in the sponging and

balling, together with the use of hydrogen and

Franklinite, which eliminate the impurities ami
make a neutral iron; being so pronounced by an

experienced smith.

The refuse of hematite or " slack," has also been

sponged and balled, yielding 34 per cent. An ore

containing 6 per cent of titanium, has been balled

and will no doubt hammer well.

These trials indicate that all kinds of ore can be well

worked by the Pomeroy processes. Also that ores

too sulphurous or refractory to be worked in the

blast furnace can now be utilized. The process

also saves at least one ton of coal in making a ton

of blooms from the ore, compared to the blast and

puddling process for blooms. _ Pea coal, or fine bi-

tuminous, answers for sponging.

Utilization of Waste Gases from BlastTHE
F

have adopted one or other of the different methods

employed for bringing down the gases report satis-

factorily of the result. This with regard to one

plant of furnaces is seen in the circumstance that'

between 250 tons and 300 tons of fresh drawn slack

heretofore required in raising the steam for their

blowing engines and for heating the blast is now-

being offered for sale. The concern is that of the

Parkfield Iron Company at Wolverhampton. If

the practice should be extended throughout the

whole of the district, and the proportionate saving

equal to that here stated, a large amount of economy

will have resulted ; for notwithstanding that in some

cases the adaptation even of the least expensive

method is regarded as costly, still the ultimate

saving is very marked. Speaking of this one case

in particular, the saving may be put as equal to the,

developing of 500-horse power out Qf nothing

!
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Iron and Steel—A New Blast Heating Appa-
ratus.—Homer Hamilton, Esq., of Cleveland,

has invented a new blast heating apparatus which,

if it performs all that is claimed for it, will prove
valuable to furnace owners. The apparatus con-

sists, first, of eight or ten large pipes, divided by
means of a horizontal or inclined partition into two
chambers, of which the upper one opens at one end
and the lower at another. Upon each of these base

pipes are eight upright pipes, opening into the up-
per chamber of the base pipe, and closed at the

top. Inside of each of the upright pipes is a

smaller tube, opening at one end into the lower

chamber of the base pipe, and at the other into a

chamber at the upper part of the outer upright

pipes. The object of the invention is to construct

a simple and effective device for heating the air that

is carried into a blast furnace, and consists in the

above arrangements of pipes, so that the air will be

exposed in thin sheets to heated surfaces, and ex-
pansion and contraction will not injure the appara-

tus. Its operation will be as follows : The burning
gases will surround the upright and base pipes, and
will heat their surfaces. The air is forced into the

lower compartment of the base pipes, thence it

passes up into the inner tubes to the upper part of

the upright pipes, which are rounded, enlarged and
depressed in the center for the purpose of facilita-

t.ng the transmission of air from the inner tubes to

the outside upright pipes, and to avoid friction.

The air then passes down the upright pipe outside

the inner tube, exposed in a thin sheet to the heated
pipe, and is thence transmitted to the upper com-
partment of the base pipe. It then goes into the

blast furnace, or to another heating apparatus of

similar construction. It must be understood that

for a blast furnace of usual size a series of eight or

ten base pipes with their upright and inner tubes,

should be provided in order to have a sufficient

heating surface. The pipes all support themselves,

and cannot strain any supporting frame or other ma-
chinery. For that reason a much greater degree

of heat can be obtained—a very desirable thing in

blast furnace economy. The points of the inven-

tion are : First. The arrangement of base pipes

and uprights so that the air to be heated will pass

from one compartment of the base pipe through all

the verticals into the other compartment. Second.
The rounded enlargement on the upper end of each
upright pipe to prevent friction of the air. Third.

The construction of the apparatus so that the air is

exposed to the heated surface of the outer upright

pipe in thin sheets, and is therefore uniformly
heated.

—

Pittsburgh Commercial, Aug. 7.

Special Method of Blooming.—We have lately

examined a modification of the Catalan process

in the old form of the forge-hearth, at the Logan
Ironworks, Bellefonte, which is extremely simple

and direct, resulting in the forming of, commercially
speaking, an almost absolutely pure iron. The fur-

nace is a few inches above the general floor of the

forge-house, and the size about large enough to

make one bloom of 200 or 225 lbs. It is about
three by four feet, the long way running back from
the workman. The instrument for turning, lifting,

and aggregating the iron is called a " furgeon," and
answers to the rabble of the ordinary puddling fui -

nace. The waste heat passes up and through a

chambei immediately over the forge-hearth, where
the pigs are placed which become red hot before

.they are ready to be drawn down upon the bed of

charcoal previously prepared. The pigs thus drawn
down upon the charcoal bed are covered and the
blast turned on into both tuyeres right and left.

After a few minutes the iron begins to melt; it is

decarbonized by the blast, is worked into shape by
the furgeon, and then lifted up clear of the bed and
laid upon the top of the same bed again, some addi-

tional charcoal put around, and the blast turned on.

The iron now is melted in what is called the sinking

process, wherein the iron drops through the coal

into the hearth until entirely passed into the hearth;
there it is again agglomerated into the ball, or
:

' loup." by the furgeon (pronounced furgun), the
blast having previously been turned on fully ; it is

then lifted out a balled loup and carried to the ham-
mer. The cinder is tapped off through a hole in

the front iron plate, and is rich in iron, with so

much silex that it easily emits sparks when the pen-
knife blade is struck against it. Of course, this

process is attended by a large loss of iron, while the

loup, which gives rise to the cinder, is not thereby
improved, as in the puddling furnace. But in this

particular instance the iron is singularly pure, and
the blooms command $85 per ton at the forge. One
ton and a half of pig yields 2,464 pounds of bloom.
The charcoal furnace yielding the iron is nearly ad-
joining the bloomary.

This furnace is only 32 feet high, about 26 inches

across the tunnel-head opening, 8-| feet bosh, and
the slag is allowed to flow out from the hearth when-
ever it rises above the fore hearth. The breast is

covered with a simple plate of iron; the cinder is

always in sight; as soon as the iron appears, the

crucible, or tapping-hole, is opened and the iron is

tapped ofl" into iron moulds. There are three casts

per twenty-four hours, two tons per cast ; 150 bush-
els hard coal (18 pounds to the bushel) to the ton

made. Charges, 700 to 750 pipes ore (brown he-

matite), 27 bushels charcoal, 80 pounds gray lime-

stone of good quality; pressure, a half to three-

quarters of a pound per inch; nozzle, two and a

half ; two wooden blowing cylinders worked by
water-wheel. Some finery cinders, about thirty to

forty pounds, are added to the charges and said to

improve the iron, which at present, May 26th, 1869,

is all forge iron, and used at Stewart & Co.'s wire

factory, and reported as a very fine iron.

This bloomary process is interesting as an exam-
ple of blooming from pig iron, and is the same pro-

cess spoken of in a certain United States report, if

we mistake not, as not existing in this country.

—

American Exchange and Review.

INCREASING ExPORTATIONS OF IRON AND S'TEEL

from England.—It has been shown says the

"Engineer" that, notwithstanding all the outcry

which has been raised of late years as to foreign

competition, the exports of iron and steel from the

United Kingdom attained a larger total in 1868

than in any former year. The quantity and value

of the exports since 1859 is as follows:

Tons. Value.

1859 1,465,191 12,314,437

1860 1,442,045 12,154,997

1861 1,322,649 10,326,646

1862 1,501,451 11,365,150

1863 1,640,949 13,150,936

1864 1,502,964 13,310,848

1865 1,617.509 13,471,359

1866 1.683',390 14,842,417

1867 1,882,650 15,050,391

1868 1,945,246 15,021,907
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IITalleable Cast Iron.—For the production of

JjJL this material most of the German founders use

first fusion pig, free from sulphur and phosphorus,

or Scotch pig. Styria also furnishes a suitable iron

which can be used only in the north of Germany,
however, on account of the expense of transporta-

tion and high duties. On account of the competi-
tion of wrought iron, great cheapness is very essen-

tial to its sale. The makers keep secret the brand
of iron which they employ, but it is well understood
that the brands are not the same in different estab-

lishments. The iron is melted in plumbago cruci-

bles^ holding about 30 kilog. They are covered
with porcelain lids, to keep out impurities and cin-

ders which reduce the high heat requisite for the

process. The fire in which the crucibles are placed
is from 630 m. to 940 m. square, and is surrounded
with bricks of porcelain earth. The use of blast is

not advantageous, since the economy of time is off-

set by a greater consumption of coke. The natural

draught of the chimney is sufficient when the fur-

nace is properly constructed. Au essential condition

of success is a high heat at the moment of pouring.
Practice enables the caster to estimate the heat of
the furnace, and he recognizes the precise moment
by plunging a bar of red hot iron into the crucible,

from which, upon being withdrawn, the metal flies

off in sparks. The crucibles are raised with tongs
with curved jaws, and the pouring is done with all

possible speed—the surface being first cleaned. By
cementation the casting acquires the properties of
wrought iron, having some analogy to steel. The
operation consists in subjecting the castings to a
prolonged red heat in a bath of pulverized red
hematite. They are arranged in boxes of cast iron

called muffles. These are square, and with air-

tight covers. In arranging the castings in the boxes
they are placed in layers alternately with layers of
hematite. The cementing furnace is very simple.

The grate is in front, and the draught of the chim-
ney carries the hot air around the boxes. The heat
should be conducted with care, starting rather vig-

orously, in order to reach the desired temperature
quickly ; then supplying the furnace at regular in-

tervals. The cementation lasts three, four, and five

days, according to the size of the pieces. A charge
is about 350 to 450 kilog. of castings. In arranging

the charges large pieces should not be mingled with
small, and those muffles containing the larger pieces

should be placed in the furnace first. On the other
hand, the smaller objects are placed on the sole of

the furnace. Without these precautions many
pieces may be burned, or badly decarburized—the

latter becoming something intermediate between
iron and steel. When the operation is deemed com-
plete the fire is allowed to fall, but the furnace is

not uncharged until it has gradually cooled. Prac-
tice plays an important part in the management of

the firing, as the temperature can be judged of only

after prolonged experience.

—

La Genie Industrielle.

Improvement in Rolling Iron.—A new descrip-

tion of roller, to be employed in the manufacture
of iron plates, bars, tubes, &c, has just been in-

vented by a roll turner, named Robert Robertson,

who is at present employed in the Coatbridge Iron

Works the property of Messrs. Martin &. Son. The
invention, if it succeeds as well as it at present

promises to do, bids fair to completely revolutionize

the system of rolling, as the new machine possesses

so many advantages over the one at present em-
ployed. The invention consists of having the rolls

tubular, instead of solid as at present, with a stream
of water introduced inside of the rolls. The ad-
vantages are said to be that the new rolls are from
7 to 8 cwts. per ton lighter than those in use at

present, while the water inside the rolls prevents the

heated iron from due expansion, while undergoing
the process of i oiling, and saves a great amount of

drag upon the engine. The saving in this respect

will be better understood when it is stated that in

the item of brass bearing alone the amount of mean
steam saved by the new invention is at least 15 per

cent. No steam arises from the rolls while work-
ing, so that the workmen can pursue their avoca-

tions with greater ease and facility. No scales stick

to the rolls, consequently the finished bar or plate

presents a finer surface. The new roller will also

last much longer than the solid rolls, while the

chances of sudden breakage are reduced to a mini-

mum.

—

North of England Coal and Iron Trades
Review.

Siemens' Open Hearth Furnace.—Mr. Siemens
informs us that the cost of the production of

steel made in his open hearth furnaces, depends
upon the cost of the materials, pig-iron, scrap and
the cost of the labor. The following, however, is

the cost of production in England, viz : for a charge

of four tons, three such charges being made in 24

hours in each furnace.

10 cwt. pig-iron.

3 tons 10 " scrap steel.

8 " spiegeleisen.

2 tons coal.

Labor—five men (nielter, assistant melter and
three laborers.) Repairs, interest, management and
royalty. This made the actual cost of the steel

ingots £5 10s. per ton.

The cost of one of these furnaces here, with gas

producers and all equipments, such as ladle, tram-

way, etc., would be about $14,000.

As to the durability of the furnace, the best evi-

dence is contained in a letter from Mr. Siemens,

dated February 16, 1869. He Avrites, " you will

be interested to learn that the manager of the

Bolton Steel and Iron Works (Mr. Webb), has told

me that his furnace crown (open hearth steel melt-

ing) has stood 70 charges, and looks as good as new.

At the lowest computation the furnace will last 100

charges, and the cost of repairs will amount to less

than one shilling per ton of steel melted."

We quote again from a late letter of Mr. Siemens

—

" These furnaces are now in regular operation at

Swansea, Bolton and Crewe, where first class steel

is made by them ; that made at Bolton having been

tested by P. W. Barlow, Esq., F. R. S., on behalf

of the Institute of Civil Engineers, who are desir-

ous of establishing ' standards for the employment
of steel in construction,' was found superior in

tenacity and ductability even to crucible steel, and
far superior to Bessemer steel."

We copied a paragraph which appeared in " Engi-

neering " in reference to Mr. Samuelson of Middles-

boro', England. We learn from an authentic source

that it is quite true. Mr. Samuelson has ceased to

manufacture steel according to the " Siemens-

Martin" process, but his failure must not been held

to affect the process, as he did not work according

to Mr. Siemens instructions, but allowed himself to

be guided by M. Martin, who was unacquainted

with English irons, and he also followed his own
notions. Moreover he had no chemist and conse-

quently was working in the dark.
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Cleveland Iron Making.—It seems but a short
time since, and it is in reality less than three

years, when the furnaces in the Cleveland district
were making about one million tons of pigs yearly.
Notwithstanding the depression in trade they are
now reported to he turning out iron at the rate of
1,400.000 tons yearly, or nearly one-third of the
whole pig-cast of England, Scotland, and Wales.
The Cleveland ironstone is cheaply got, but it is

lean and highly charged with phosphorus. Coke,
on the other hand, is dear, and is likely to become
dearer. But by the employment of the most com-
plete mechanical appliances the cost of production
has been brought to a very low figure. Had the
Middlesboro' ironmasters access to the vast quanti-
ties of slack from the Durham and Tyneside pits,
they would soon turn out a cheap coke by washing,
but there would still be the long carriage by rail.

The ironstone is calcined in kilns, but as it is not of
the carbonaceous variety—that known as " black-
band"—there is no opportunity of effecting the
saving which, with that variety, is obtained bv
coking in close kilns, upon Mr. Aitken's plan, so
successfully employed near Falkirk. Even 22 cwt.
of the best coke to a ton of pigs seems a large
quantity when the heat really absorbed in decompo-
sition, liquefaction, and in raising the temperature
of the air is considered. A good cupola in regular
work will melt, of some kinds of iron, as much as
sixteen times the weight of coke used. Yet cupolas
vary greatly, and some, from various sources of
loss, will not do half as well as this. And blast
furnaces vary greatly also, some using, with the
same materials, one-half more fuel than others.
Yet it is difficult to see the way to any decided
improvement in blast furnaces from which the gas
passes off at a temperature hardly above 500 degrees,
all the gas being saved and burned under the boilers
and in the heating stoves so as to require no other
fuel whatever.

The Cleveland forgemasters know how to make a
good soft iron, hardly cold short, from their highly-
phosphuretted pigs, which, in the ordinary course of
things would work into cold short bars. The whole
secret, if it be a secret, is in a liberal fettling with
rich magnetic oxide of iron, of which large quan-
tities are now purposely imported from Sweden.
Mr. Gjers has made some very interesting analyses
of the cinder, which was highly charged with phos-
phoric acid, while the puddled bar was of good, mild
quality.

Puddling costs dearly in Cleveland. It is not
long since it was 10s. 6d. per ton, but it is perhaps
somewhat less now. It seems to be settled that
none of the "mechanical pnddlers" will ever
answer

,_
although Mr. Tooth managed to make some

very fair blooms, eight years ago, in his revolving
puddling churn. But why, after Mr. Bessemer's
patent expires in February next, cannot it be
adapted to some extent to puddling, so as to drive
oft' not only the silicon, but a good portion of the
carbon "by air alone, leaving the puddler half an
hour's work or less to be clone by hand. A great
deal was said, some year or two ago, about the so-
called "Richardson process,'-' which was merely
injecting air under the surface of the iron in a
puddling furnace by means of a tubular rabble.
The injection of air in such a manner must have
been very ineffective for two or three reasons, and
although the treatment could not possibly do harm,
it is difficult to see how it could, by being continued

for but a few minutes, do any considerable good.
Yet much was claimed for it at the time, although
nothing is heard of it now. But why should not
some modification of the Bessemer converter, on a
small scale, and arranged to work into, say, half a
dozen or more puddling furnaces, be arranged to

bring the iron to the point where only the puddler
could finish it ? In this case, too, all the iron would
be melted in a cupola, which would be cheaper than
melting it in the puddling furnace. A large saving
of labor and a considerable saving of coal might, it

would seem, be thus affected. At any rate, the
experiment should be carefully tried.

It would be interesting to know -whether the so-

called " RadclifTe process," of knocking five or six
ordinary blooms into one before shingling, is still

being practiced with success. It seems extraordi-
nary that such a "process" should be the subject

of a patent, although it may be more extraordinary
that any foige master should adopt a " process " so

likely to shut in cinder with the iron. The pub-
lished tests of the iron made by this " process "

showed an elongation, in breaking, of but about 5
per cent, which is very little, and indicates harsh-
ness and brittleness. By mistaking a column of
figures in Mr. Kirkaldy's report, the "Engineer'"
reported the elongation as 80 per cent.

It would be interesting also to know whether Mr.
Bramwell's suggestion, that all bar iron should be
rolled in a hoop, can be successfully carried out.

There are difficulties in the way of bringing

together the two ends of a pile and welding them
preparatory to hanging the ring upon an overhung
roll, and the necessity for some means of shifting

the roll into and out of the outer housing would
create an additional difficulty. But, supposing all

this once done, and that the hoop could be succes-

sively shifted from one grove to another, the bar or

hoop would be rolled out with a continuous motion,
without, " passing," and without any crop ends.

It would be better afterwards to find the weld and
cut the hoop there, when it would drop out a
straight, clean cut bar.

—

Engineering.

anufacture of Nail-Plates.—Hitherto much
trouble has been experienced in finishing the

wrought-iron plates from which cut-nails are made,
the trouble arising from the adhesion of " scales "

to the finishing rolls. This, by destroying the uni-

formity of the surfaces of the rolls, caused them to

work unevenly and imperfectly, and consequently
impaired the smoothness of the plates. A Pennsyl-
vanian inventor has recently invented and put in

operation a simple contrivance by which the rolls

are automatically kept clean, thereby preventing all

hindrance to their perfect operation and insuring

the uniform smoothness of the plates. It consists

in small friction-rollers so applied in relation with
the rolls as to sweep the scales therefrom as fast as

formed ; the rolls being thus kept constantly bright.

By this means, not only is avoided all the trouble of

cleaning the rolls hitherto necessary, but the nail-

plates are made much better. It is probable that

the principle of the device will be applied with
profit to the rolls of other machinery for shaping
iron while hot.

—

American Artizan.

Forty-two Ton Hamsier.—In England a huge
steam hammer, weighing 1,000 tons, is being

made for the Russian Government. The hammer
head weighs 42 tons, the anvil block 500 tons, and
it is to be used in forging steel guns.
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Steel at any Price.—The amiable journalists

who, until the advent of "gunpowder steel,"'

condemned all steel, are deriving consolation from
the utterances of Sir William Armstrong, at the

Newcastle meeting of the Mechanical Engineers.

This gunpowder steel, invented by one Heaton, was,

however, an exception to everything else. No words
and no superficial measurement of type were suffi-

cient to explore its virtues. It is explicable that

Sir William has not visited the deserted " shanty"
known as Langley Mill, and from the koran to be

found there, developed his knowledge of steel. We
are told that he was once one of the " steel at any
price" party. So far from this, he has been a most
uncompromising enemy of steel in all forms. He
stood out, for a long time, and in spite of every re-

cognizable fact, against steel inner tubes for his

guns, without which they might almost as well have
been constructed of leather. Indeed, there is no
such thing now as an " Armstrong gun." The gun
is Fraser's and Fraser's only, and he has not yet

received the half of what he deserves for kicking
aside the Armstrong delusion. Just as engineers

complete their education they learn the value of

steel, and it is merely a pity that the tergiversating

journalists of whom we speak are not yet out of the

woods in their wild goose search after evidences of

its value.

—

Engineering.
"

The Pittsburgh Steel Works.—The "Black
Diamond" Steel Works of Park, Brothers &

Co., are the largest in the city, covering five acres,

and comprising a steel forge, rolling mill, converting
building, melting houses, etc. Here are 17 steam
hammers, 5 helve hammers, 7 steam engines, 4
trains of rod and bar rolls. The capacity of the

works is 20 tons of cast steel and 10 of common
steel, daily, the number of men employed, 240.

This concern manufactures cast steel boiler plate for

locomotive engines, tool steel, machinery steel,

burglar proof safes steel, plough, and other agri-

cultural steel. The buildings and machinery of the

establishments are all first-class, and kept in the

nicest possible order. This is a sample of the very
best class of establishments in Pittsburgh.

The establishment of Messrs. Hussey, Wells &.

Co., one of the largest steel works in the city, has
a capital of §1,000,000, runs 144 furnaces, and
makes about 30 tons of steel per day. They employ
about 200 men, and sell as fast as they can manu-
facture, which is the best point that can be made
with regard to the steel-workers of Pittsburgh.

—

Exchange.

Steel-Headed Rails.— Steel-headed rails are

made at the Trenton (N. J.) Rolling Mills by
the following process : The steel which is to form
the head of the rail is first wedded to a quite thin

piece of iron. The combined bar is then beaten
and rolled down until the iron is very thin and the
steel reduced to about half its former bulk. After
this operation is completed, the whole quantity of
iron requisite to complete the bulk of the rail is

added to the bottom of the combined bar, and
welded to the thin layer of iron. This process, it is

asserted, doubles the strength of the weld between
the iron and the steel, alwrays a difficult operation to

perform. The old process consists in welding the
relative thickness of iron and steel at one operation,

but the new method is reported to furnish better

rails.

—

U. S. Railroad and Mining Register.

Keducing Aluminium from its Ores.—Mr. A. L.
Fleury, of Boston, U. S., mixes pure alumina

with gas tar, resin, petroleum, or some such sub-
stance, making it into a stiff paste, which is divi-

ded into pellets, which are dried in an oven, then
placed in a strong retort or tube, w-hich is lined
with a coating of plumbago. They are then exposed
to a cherry-red heat. The retort must be sufficiently

strong to stand a pressure of from 25 to 30 lbs. on
the square in., and be so arranged that, by means of
a safety valve or tube, the necessary amount of some
carburetted hydrogen gas can be introduced into the
retort among the heated mixture, and the pressure
of from 20 to 30 lbs. on the square in. be main-
tained. The gas alluded to is forced into the retort
by means of a force pump. By this process the
alumina is reduced and the aluminium remains as a
spongy mass, mixed with carbon. This mixture is

re-melted with metallic zinc, and when the alumi-
nium has collected in a metallic state, the zinc is

driven off by heat. The reduction is due to the
carburetted hydrogen gas under pressure. The time
required for reducing one hundred pounds of
alumina earth, cryolite, or other compound of
alumina, should not be more than four hours ; when
the gas can be applied in a previously heated as well
as strongly compressed state, the reduction takes
place in a still shorter period.

—

Chemical News.

Russian Rails.—A great festival has lately been
held at the Poutilof rail factory (St. Peters-

burg) on the occasion of the completion of 2,000,000
pounds (about 800,000 cwt.) of rails. The rise

of this factory is mainly owing to the privileges

granted by the Russian Government to companies
purchasing their railway material in Russia, and to

large orders for the governmental lines. Hitherto
it might be reckoned that a considerable part of in-

vestments of English capitalists in Russian railw-ay

shares might come back in the shape of payment
for rails and rolling stock. Now we see that, as

regards rails, this hope must be given up; and the
same thing would probably have taken place in re-

spect of carriages, had not the new Struve's exten-
sive carriage factory (near Moscow) been recently

burnt down. Of locomotives and carriages we may
further observe that Russian companies have always
preferred the cheaper French and German supplies.

The Poutilof rails are stated by Russian engineers

to be heavier, and nearly twice as dear as the for-

eign, but more durable.

—

The Engineer.

Bessemer's Latest Patent.—Henry Bessemer,
whose name has been long identified with im-

provements in the manufacture of iron, has recent-

ly taken out a patent in England on a new process,

the object of which is to secure a more rapid and
less expensive mode of fusing malleable iron and
steel of difierent kinds, and to obtain cast-steel

and homogeneous malleable iron therefrom. In
order to accomplish this, the inventor avails

himself of the property of gaseous fluids to rise in

temperature in proportion as they are compressed,

and he constructs furnaces of sufficient strength to

withstand an internal pressure equal to two or more
atmospheres, and retains in such furnaces the pro-

ducts of combustion under such an excess of pres-

sure over that of the exteptial air as will produce
the high temperature necessary for rapidly fusing

malleable iron and steel of any kind or quality.
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RAILWAY NOTES.

Trial of a New Kind of Railway in France.
—A commission was appointed to study and

report upon a system of railway of which a speci-

men had been laid down by Mr. Geoffroy, of Rou-
anne, by the side of the road from Poilly to Char-

lieu, in the Loire. The principle of this railway,

which is intended for local lines, is that the rails

are laid on the natural profile of the ground, with

the addition of a central rail, upon which work
horizontal wheels wherever the curves or gradients

are at all sharp—in fact a modification of Air. Fell's

arrangement. The report of the commission is not

published, but the following are the conclusions of

the reporting engineer: (1.) The system of rail-

ways presented by Mr. Geofiroy allows of trains be-

ing worked with perfect security on inclines of 0.06.

(2.) The arrangement of the railway in those parts

where the central rail is introduced seems to resolve

the problem as simply and economically as possible.

(3.) The breaking ofi" of the central rail in those

parts where the incline does not exceed 0.025 causes

no inconvenience, adhesion of the vertical wheels
being then sufficient; and the horizontal wheels
take on and leave the central rail without any shock
that can do injury to the machinery. (4.) The ac-

tion of the brakes of the engine is sufficient to stop

a train of twenty-two tons within 80 feet on the in-

clines of the experimental line. (5.) The engine

and carriages pass without difficulty, and without
the aid of the central rail, at the rate of twelve or

thirteen miles round curves of 260 feet radius. (6.)

The passage of the train by the side of the ordi-

nary road did not appear to frighten horses very
much ; and in any case this inconvenience cannot be

very great, on account of the ease with which the

engine can be stopped. The effect will also be

greatly diminished by the erection of a barrier that

must be placed between the railway and the high

road." We are sorry to say that the opinion con-

tained in the last paragraph is entirely opposed to

that of the engineers »and others of Paris and Nan-
tes with respect to the road locomotives and steam
rollers, and the latter are not now allowed to be
used in the day time, except the street be blocked,

on account of the accidents that happened. Still,

if costly works can be avoided by the use of a cen-

tral rail, we may have local railways at a compara-
tively small expense elsewhere than by the side of

high roads, and there is no reason whatever, except
the objection of level crossings, why such simple
railways should not be adopted. It is the opinion

of the commission that there would be a saving of

expense in the case of such a railway as compared
with ordinary lines of 40 per cent, and that there-

fore' it would be well to adopt the arrangement
where the difficulties of the ground would render
the construction of an ordinary railway too costly.—The Engineer.

The Patent Shaft and Axle Co.'s "Works and
Products.—This company, says the correspon-

dent of " The Engineer," employ at their two es-

tablishments—the Brunswick and the Old Park
Works—from 4,000 to 5,000 hands, and that the

department I visited occupies 400 workpeople, and
turns out weekly over 800 pairs of wheels. My at-

tention was first directed to the manufacture of
some solid wrought-iron wheels with Kirtley's

spokes fitted with best " double star " puddled
steel tires, or tires of solid cast-steel, secured either

with Mansell's retaining rings or ordinary bolt and
rivet fastenings. Kirtley's spokes are rolled from
B B iron in ordinary rolling mills, they are then
bent into a triangular shape, so that when eight are

placed together they form a complete circle, tech-

nically called a ''skeleton." The machine in which
they are shaped is called a spoke-bending machine.
This apparatus has a bed similar to a planing ma-
chine, the "saddle" of which is worked to and fro

by a cranked motion. The saddle has fixed upon it

a center block, and two side blocks or arms. The
center block, which forms the crown of the spoke,

is moved horizontally by eccentric motion. The
side blocks are then simultaneously brought togeth-

er by a single movement of the machine, embracing
the sides or legs of the spoke. After being thus
shaped, another movement lifts up the spoke from
the die, when it is ready for bossing; that is, the

spokes, arranged in a circle or skeleton, are placed

on a smith's fire, and the center part is heated to a
welding heat, and a large washer formed by a steam
hammer, also heated, is welded on to the center of

the spokes by ordinary smiths' sledges. The spokes

being sloped at the corners of the crown, leave

when put together interstices in the shape of the

letter V, which are filled up by what are called " V-
pieces. The wheel is then ready to receive the tire.

The accuracy of the former is, however, first se-

cured either by ordinary lathe-turning, or perhaps
(more frequently) by an ingenious apparatus ex-

pressively called a " squeezing machine." This

machine consists of a circular bed-plate, on which
is worked eight slides, which are worked simulta-

neously to one center, forming a perfect circle. The
machine is capable of exercising a pressure of 1,500
tons after making due allowance for all friction.

The tires, which are rolled, bent and welded, are

also tested in what is called a " blocking machine,"
an operation which fully proves the soundness of

the weld. The tire being expanded by heat is next
shrunk on to the skeleton by immersion in cold

water, and the wheel is then ready for the finishing

touches, such as boring and grooving, to receive

the key of the axle. The wheel and the axle are

joined together by pressure under gauge by hydrau-
lic power, being further secured by steel keys. The
wheels in pairs are turned in wheel lathes to accu-

rate dimensions, and to road gauge, after which
they are dressed off and painted. The wheels vary

in size from 18 in. diameter, for lorries, to 6 ft. di-

ameter for engines.

American Locomotive Repairs.—From a num-
ber of reports of some of the leading Ameri-

can lines of railway, we have compiled, says " En-
gineering," the following statement of the average

annual mileage of their engines, and the cost per

mile for repairs. As a general rule, only train

miles are reckoned by American railway managers,

although in some of the following cases engine

miles are reckoned in dividing for the cost of re-

pairs per mile.

The cost of repairs, given in pence per mile, is

in a depreciated currency, the cost in silver being

about three-fourths that in paper. Allowance

must, of course, also be made for the very high

price of labor, and all materials, except wood, in

the States.

The Reading, and the Baltimore and Ohio Rail-

roads are very largely engaged in the coal traffic,

the latter line having 239 goods engines out of a

total of 290 of all kinds.
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Name of Line.

Pennsylvania
Erie
Baltimore and Ohio ,

Grand Trunk (Canada)....
Reading
Chicago &. North-Western,
Illinois Central
Boston and Albany
Chicago and Quincy
Michigan Southern
Michigan Central
Mobile and Ohio
Cleveland and Cincinnati..
Cleveland and Pittsburgh..
Louisville Nashville
Morris and Essex
Boston and Maine

Perils of Indian Railway Traveling.—A late

number of the " Cornhill," gives the follow-

ing interesting facts :—The only accidents peculiar

to India are those which are the result of floods,

cyclones, and such disturbances of the elements.

In 1864, the lower part of Bengal was visited by a

tremendous hurricane, but although sheds were
leveled to the ground, roofs were torn away, and
part of a train, including the engine, was blown
over, no lives were lost. On this occasion damage
to the extent of £50,000 was done to railway prop-
erty. On another occasion, on the Bombay side,

the results were even more disastrous. A viaduct
on the Great Indian Peninsula Railway was carried

away by the violence of a flood, and a night train

following soon after ran into the vortex, taking
with it a number of native passengers, fourteen of

whom were killed. The bridge over the Nerbudda
River, on the line between Bombay and Baroda,
has more than once suffered injury from the vio-

lence of the torrent. In Scinde, on one occasion,

a whole village on the banks of a nullah was car-

ried away, and brought down a railway bridge in

its ruin. Wild animals have also occasionally been
the cause of accidents. The other day an elephant
charged a train and was killed, but such was the

resistance which he offered that the engine-driver

was thrown off and injured. A buffalo has also

been known to throw a train off the line by getting

in its way. In spite, however, of these special

causes, railway traveling is as safe in India as in

England. Last year the number of fatal accidents

was one and a half per million. There are perhaps
more frequent cases of death from natural causes
in Indian Railway trains than elsewhere, and the
ominous heading " found dead " may be seen on
the returns of casualties. The fact appears to be
that many natives commence a journey in extremis,

in the hope of reaching some sanctified spot where
to die, and the vital spark expires before the poor
creature can reach his destination.

East Running.—The speed of the New York and
Chicago Express, over the New York Central

Railroad, has been as high as 51.7 miles per hour
for 81 miles, between Syracuse and Rochester.

Equivalent average for/whole year.

Peat for Locomotive Fuel.—The State Line
Bavarian Railway has been worked with turf

since 1847, or for above 20 years, rather from ne-
cessity than choice. The peat is got from the bogs
of Haspelmoos. The method of its preparation
is that of M. Exeter, whose statement is-that he
can produce 10,000 cubic meters of prepared turf

per annum at a cost of 2.80 francs per meter. The
turf, as dug or dredged, appears loaded with much
admixed earthy matter; from this it is. separated
by grinding up, large dilution with water, and de-
cautation of the water bearing the light peat par-
ticles still in suspension from the heavier earthy
matter which has deposited. This is let to dry in

layers exposed to the air like •'hand turf," and
then compressed in molds by power. From other
sources of information on the subject of artificially

prepared peat, we conclude that these results ad-
mit of being contested. As a locomotive fuel,

turf, at the best, is a bad and troublesome one ; it

gives much smoke and sparks, leaves an evil smell
after it, experienced in the train, and is so bulky
as often to need supplementary wagons to feed the
tender on a long run. There is also great waste
by the broken particles passing through the fire-

bars.

As to comparative heating powers (not theoretic,

but taking into account all these circumstances),
the result of nine years' working on the Bavarian
State Line indicate that 100 cubic feet or 2.48b'

cubic meters of the prepared turf of average qual-
ity and dryness, are equivalent to 312.5 kilograms-
of coke, or to 3.135 cubic meters of white firewood,.

i. e., of wood principally of birch, beech and alder.

Thus during this interval of working, the cost of
firing with turf was about half that of coke (in-

Bavaria), and two- thirds that of wood. But
taking everything into account, as derived from the-

accounts of the line for 1861-62, it may be shown*
that even this is too favorable, for that the fuel

account per kilometer per engine stands thus:

—

Fired with Coal. Fired with Peat.
Passenger Engines. 0.166f. O.lTSt!

Luggage Engines.. 0.249f. 0.2u7f.

It is thus, though rather cheaper than coal for
slow traffic, a trifle dearer than coal for fast, and
that even in Bavaria, where coal was then except-
ionally dear.

—

Practical Mechanics' Journal.

Railway Improvement in New York City.—
The Legislature of the State of New York, at

its last session, authorized the construction of a rail-

way station on the Fourth avenue, to be used jointly

by all trains arriving in this city from the north.

—

This station will extend from Forty-second to Forty-
fifth street, closing Forty-third and Forty-fourth

streets, and will occupy an area of about 800 feet

in length by 300 feet in width, taking in for this

purpose 150 feet on either side of the avenue. The
Hudson river road is to be connected with the Har-
lem and New Haven track, and all the trains of

these three roads are to be brought under one roof.

The estimated cost of this improvement will amount
to $1,000,000, and it is stated that the permanent
way of these lines are to be so combined as to per-

mit the freight carried over them to be all delivered

at the large depot now occupying what used to be
St. John's Park. The advantages which these ar-

rangements will afford to travelers and the commer-
cial community over the present disjointed state of

city and country intercommunication/ are apparent.—Scientific American.
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Steel Rails.—Probably nothing is better estab-

lished in railway practice than the superior

economy of steel tyres, as compared with iron, even
at twice the original cost per hundred weight. The
wear of rails is less rapid than that of tyres, except

where the traffic is incessant and enormous. Hence,
probably, arises the nice calculation—never applied

in the case of tyres—of interest and compound in-

terest, as accruing upon iron and steel rails respect-

ively.

It is now being industriously represented that

the royalty on Bessemer steel rails is £2 per ton,

and that this royalty will cease, with the expiry of

the patent, in February next. The royalty is, and
has all along been, £1 per ton only, and of .this but

-17s. 6d. will cease to be levied in February next.

—

Steel rails have hitherto been put down mainly on
those portions of railways on which the traffic was
unusually heavy, and as these portions have, for the

most part, been already laid in steel, the necessity

for the further use of steel may appear less urgent
now than it did a few years ago; but it is none the

less urgent where iron rails, in exposed situations,

must now or soon be renewed. Rails that can be

safely permitted to wear another year, ought, of

course, upon every consideration of economy, to be

left to fulfill their full service ; but there are thou-

sands of tons of iron rails, on our great lines of rail-

way, which will have completely worn out this year

and which must, therefore, be renewed before winter

sets in. And as it is easy to prove that, under
heavy traffic, the wearing value of steel, even at

£12 per ton, is very much more, after allowing for

the difference of cost, than £1 per ton greater thau

that of iron rails at £6 or £7, it would be anything

but economy to put down iron rails again to last

two, three or four years, merely to escape a moder-
ate present royalty, and to take advantage of its

diminished amount in 1871. '2 or '8. So far as

extensive observations go, the wear of steel is from
ten to twenty times that of iron, while as for break-
ages, the fractures of steel rails do not exceed one
per cent of those of iron rails. In situations, then,

where iron rails are not likely to wear longer than
a year or two, it would manifestly be unwise policy

to replace them with iron merely to avoid a few
shillings extra royalty on steel. This point is, we
think, too well understood to require any lengthened
argument, and it is not, therefore, to be wondered
at, that within so short a time of the expiry of the

Bessemer patent, the steel rail mills continue, ac-

cording to the current trade reports, to be very
well employed.

—

Engineering.

The Reading Railway Shops.—This company
has the largest shops, foundries, and rolling

mills in the city of Reading, and gives employment
to over 2,000 men. The company makes its own
locomotives, cars, and all other work necessary to

equip and keep the road in running order. Two
locomotives are made per month, but the demand
for engines is so great that a contract has been
made for twelve at the Baldwin Locomotive Works
in Philadelphia. In the rolling mills sixty tons of
rails are made each day, and in the two foundries

12,000,000 lbs. of castings per annum. The brass

foundry yields 200,000 pounds of castings per year,

and 1,000 tons of wrought iron are also made
during the same period. The pay of the workmen
in all the shops of the company amounts to about
$85,000 per month.

—

American Railway Times.

Fairlie's Steam Carriage. — The "cabbage
garden " at Hatcham is likely to become as

famous as the race course at Rainhill, only that
there is no race, so dear to the heart of every
Englishman, except a race against time. Mr. Fair-
lie has a combined engine and carriage, weighing
but 13^ tons empty, and capable of seating 66 per-
sons, which is whisked around the Hatcham cab-
bage garden—upon a villanous permanent way, not
exactly a circle, one-ninth of a mile in circum-
ference, and having three quadrants of 50 feet

radius. Seeing is believing, and we only regret
that there is no Act of Parliament to compel every
railway director and every railway Mephistopheles
(the locomotive superintendent) to go to Hatcham
and see. Thirty miles an hour and more has been
accomplished, but we considered twenty-five prefer-

able, and we stipulated for this, and no higher,
speed when we sat foot upon the engine bogie.

With the Field boiler there was no end of steam

—

160 lbs. per square inch—and the regulator could
hardly be touched by the skillful hands of Mr.
Clemenson without giving a jump to the whole
affair almost enough to send us into centrifugal con-
vulsions. The gentleman who, after first addressing
the Institution of Civil Engineers, declared that the
•' theater" made 60 revolutions per minute during
the whole period of his communication, would have
been as much astonished at the circular movements
of the little edition of a railway train at Hatcham.
Round and around, four times round the cabbage
garden, up and down gradient, and almost half
a mile, was repeatedly done in one minute.
The merits of this system will not long want ap-

preciation. Even the Kamsbottoms,the Armstrongs,
the Stirlings, the Beatties, the Kirtleys, the Cud-
worths, the Cravens, the Johnsons, the Martleys,
the Pearsons, the Connors, the Fletchers, must at

last give in. The motion is more like sailing than
riding, that is, the motion in the carriages. The
"centrifugal convulsions" to which we have re-

ferred were generated only upon the engine bogie,and
in the next carriage, this being the first of a certain

number in futuro, the engine will be so connected
with the carriage as to prevent any jerking or
striking, at full speed, a curve of even three-quar-
ters of a chain radius.

It is but just to Messrs. Brown, Marshalls & Co.,

to mention that the " train "—all in a single car-

riage—is the model of comfort and neatness. When
we first saw the carriage, in the makers' factory at

Birmingham, under a low roof, we took the impres-
sion that the compaitments were cramped in the

matter of space. But in the open air of the Hatch-
am cabbage garden we found, not alone by the
sensation of comfort, but still more so by the act of
measurement, that the seats were at least as capa-
cious, and that for thick men, as any known near

the Metropolis.

The railway company which first secures the ex-
clusive use of Fairlie's steam carriage has divi-

dends as good as declared for its shareholders.

—

But with one carriage there will be many, and let

us hope that all the companies may, by these

means, come round to dividend payments at last.

—

Engineering.

The Manchester N. H., Locomotive Works
have been very much enlarged, and six locomo-

tives are turned out monthly. The works employ
400 men.
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Pacific Railroad Time Table.—The following

statement of Time and distances is given by
tne Western Railroad Gazette :

Miles. Hours.

New York to Chicago, 111 911 36^
Chicago to Omaha, Nebraska 491 24^
Omaha to Bryan 858 43
Bryan to Ogden, Utah 233 10^
Ogden to Elko, Nevada, via Central

Pacific K. R 278 12|
Elko to Sacramento, Cal., via Central

Pacific R. R 465 31

Sacramento to San Francisco, via
Western Pacific R. R .117 H

3,353 161J

Thus a total distance of 3,353 miles is made,
according to the present schedule time, in 6 days
and 17-£ hours, actual time, by a traveler's watch,
from which we deduct 3-§ hours difference of time,

when going "West, leaving the apparent time con-
sumed in making the trip 6 days and 14 hours.
At San Francisco the mails will connect with

the various steamship lines running on the Pacific,

and may be landed in Honolulu in 9 days from that

city, or 15-§ days from New York. They can reach
Japan in 19 days from San Francisco, or 25-£ days
from New York, or 33 to 34 days from Great Brit-

ain—thus beating the British mails sent via Suez,
three to four weeks. The trip between Yokohama,
Japan, and either Hong Kong or Shanghai, is

readily accomplished by the Pacific Mail steam-
ships in from tive to six days, which, added to the
time in reaching Japan, will give the through time
necessary to reach either of the above named ports
of China.
The mails for Australia, it is thought, will here-

after go via San Francisco, as the Australian and
New Zealand Steamship Company intend trans-

ferring the terminus of their line, which has been
running from Sydney to Panama, so as hereafter
to run from Australia to Taluti, thence to Hono-
lulu, and thence to San Francisco, making 28 days
schedule time, which will give us monthly mail to

Australia in 34 or 35 days through time.

Steel-Capped Rails.—A paragraph has been
going the round of the press, stating that the

Hartford and New Haven Railway Company had
ceased laying down steel rails, for the reason of
their " stiff, unyielding character." As rail stiff-

ness is what our engineers have long been striving

for, the reason given was rather odd, to say the
least. We have never found a rail too stiff for a
thirty-two ton engine, going at speed, and probably
no one else has. The section of rail should always
be heavy or stiff enough to prevent any deflection

when the driving-wheel passes between the sleepers

;

if not, the wheels are constantly running up and
down short inclines, producing that unsteadiness of
movement and pounding that is so destructive to

both rails and wheels. The rail is nothing but a
girder, and the more strong and stiff it is, the safer

and better it is for every purpose Any elasticity

of the track should be applied in the superstruc-
ture below the rail. We understand that the Hart-
ford Company has ceased laying down steel-capped
rails for the reason that the officers desire to test

their utility before further expense is incurred.

They have some fifteen hundred tons in the track,

and at present it is doing well. The principal ob-
jection urged against the iron rail covered with steel

is, that the steel will flake off by wear. The
makers, on the other hand, claim that their system
of uniting the two is complete, and that the steel

will adhere until worn off. The durability of steel-

capped rails is a matter which requires more ex-
perience to determine, though a lot of Prussian
make (Funcke & Fibers) laid on the Boston and
Providence road are showing fine results. These
rails are not made of Bessemer but of puddled
steel, and the method of piling in manufacture
differs from common practice, it being vertical in-

stead of horizontal, so that the weld being perfect,

any defect or want of homogeneousness in the ma-
terial will show itself in the head by a depression,

instead of flaking oft' or laminating is seen in many
makes of iron rails. The Prussian rail can be cut
and notched in the flanges without any fear of a

succeeding fracture at the point cut, and there is

equal security against fracture at the bolt holes for

the fish-plates. We must confess to some doubt as*

to the wearing qualities of an iron rail with a Bes-
semer metal cap shrunk on around the head, the

difficulty being in getting a good weld; but we
understand that it has been done with promise of
good results. Our railway companies are making
money enough to allow them to make a fair trial of

all the new devices and we trust that they will do
so, so far as they can without impairing the safe

character of travel.

—

Railway Times.

TPhe Swiss Alpine Railway.—Besides the great

JL engineering triumphs of the nineteenth century
—the Suez Canal and the Mont Cenis—another work
of no less magnitude is now claiming universal atten-

tion, namely, the Mont Saint Gotthard Railway.
After the Prussian and Italian ambassadors notified

lately to the Swiss Confederation the material sup-
port of their respective governments towards that

undertaking, a conference was assembled at Lucerne
for the purpose of taking the initiative in the matter,

and to arrange a financial programme. Dr. Alfred
Escher, the eminent Swiss statesman and railway

director, reported that of the necessary capital

—

6.500,000/. sterling—-2,50O,O00Z. will be found in

Italy, 2,000,000Z. in Germany, and 2,000,000/. in

Switzerland, these sums being composed of 3,600,-

000/. subventions, 1,000,000/. in obligations, and the

rest in shares, the greater portion of which has
already been subscribed for in Switzerland.

In the construction of the Saint Gotthard line the

project, adopted by the Italian commission, will be
principally adhered to. This project includes a
perfectly straight and nearly level tunnel of 9^ miles

in length, the northern tunnel mouth at Goeschenen
will be 1,100 meters, the southern at Airolo 1,130

meters, and the tunnel summit 1,137 meters above

sea level; and this tunnel the contractor of the

Mont Cenis tunnel has offered to execute iu eight to

nine years, including steel rails, for the sum of

2,480,000/.

Another project, proposing a surface line, rising

at the rate of 1 in 20, to 1,800 meters' height, has

been condemned, as not affording that expeditious,

safe, and economical working as the lower line with

long tunnel. This consideration has carried all the

more weight with it, as the future Swiss Alpine

Railway will have to compete with the Mont Cenis,

Brenner, and the French Mediterranean lines. It

has been stated that on this latter line, having no

steeper gradients than 1 in 200, the working expenses

of one ton net are only one farthing per kilometer,

while the carriage of one ton net on gradients of 1
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in 20 would cost four times as much, or one penny
per kilometer; and, moreover, the surl'ace line being

double the length of the lower line, the working ex-

penses would accordingly be in the ratio ofl in 8. The
lines connecting the Saint Gotthard tunnel with the

Swiss and Italian railway system will still, however,
present some heavy gradients and sharp curves.

We understand the attention of the Saint Gott-
hard Commission has been directed to Mr. Fairlie's

double-bogie engines, and that gentleman's plans

have been regarded with much favor and interest.

—

Engineering.

Electric Lights on Railways. — According
to the American journals a novelty in railway

management is to be introduced by the Erie Com-
pany, who propose to illuminate the whole line of

that road at night by electric lights at the ferries,

in the tunnels, on all dangerous curves, and on
every engine. Mr. E. C Morse, who has charge of

the matter, states that he has made several impor-
tant improvements, among others a plan for pre-

serving the carbon points from wasting away and
keeping them for months in good condition, a self-

sustaining battery, and an invention by which the

turning of the wheels of the engine shall collect

electricity for use in illumination. There will be a

light at each end of the ferry, which it is believed

wdl make a collision practically impossible on the

darkest and foggiest night. Even with the dimi-
nution of light caused by the jarring of the locomo-
tive, it is estimated that the head-lights will show
the track to the engineer on a straight line for three

miles. More welcome, however, than any announce-
ment of material improvements would be a notifi-

cation in the cause of public morality that the man-
agers of this line could be brought to a condition of

responsibility for the pecuniary claims of the share-

holders.

—

Engineering.

Speed and Power of Locomotives.—The speed

of an engine depends on the rapidity with which
its boiler can generate steam. One cylinder full is

required for each stroke of each piston. Each
double stroke corresponds to one revolution of the

driving wheels and to the propulsion of the engine

through a space equal to their circumference.

Wheels seven feet in diameter pass over twenty-two
feet in each complete revolution. To produce a

speed of seventy-live miles an hour, they must
revolve exactly live times in a second; and to effect

this revolution, each piston must make double that

number of strokes in that time, and consume ten

cylinderfuls of steam. The powef of an engine iu

drawing loads depends on the pressure of the steam,

which is usually about 120 pounds on the square in.

It is also limited by the adhesion between the track

and the driving wheels, which is proportional to the

weight pressing on the latter; so that instead of the

weight being an obstacle, it is one of the principal

elements of power. The tractive power of an engine

of 40 tons, with 32 resting on the drivers would be

about 4 tons —American Artisan.

ew Railways in the United States.—It is

believed that at least 5,000 miles of new rail-

road will have been opened in the United States in

the course of the year 1869. Already the returns

show a mile to every 876 of the population.

rPHE Reading Railway Co. are making very su-
JL perior iron rails at their own mill by simply
putting plenty of work on the iron.

N

NEW BOOKS.

A Practical Treatise on Modern Screw Pro-
pulsion. By N. P. Burgh, Engineer. Lou-

dim : E. & F. N. Spoil, Charing Cross. 1809. New
York: D. Van Nostraud, 23 Murray street.

Mr. Burgh's important treatise on the screw pro-

peller, the publication of which in numbers was
commenced nearly two years ago, now lies before us

as a handsome volume. We have already referred

at some length to the first chapters of the book, and
it is therefore unnecessary now to consider their

contents again. They consist, it will be remember-
ed, essentially of an opening chapter by Mr. Burgh,
and a historical introduction from the pen of Mr.
G. B. Rennie, M.I.C.E., which is contained in sev-

enteen pages. We are not aware of the existence

of any historical notice of the screw propeller at

once so short and so good, and having said this

much we fancy we have said all that is requisite to

indicate the character of the chapter. Starting from
this point we find next a treatise or chapter—which
the reader will—on the geometry of screw propel-

lers in general, written by Mr. Burgh, and this is

followed up by a history of the Griffith's propeller,

written by Mr. Griffiths himself; a chapter on its

geometry by Mr. Burgh, and one on the geometry
of the paddle wheel by Mr. Barclay. Here we must
stop for the moment, as we do not intend to publish

a list of all the chapters in the book ; the more im-
portant we shall refer to iu their proper order as we
go on. The distinguishing feature of the volume is,

that a large portion of it has been written by men
of enormous practical experience. Besides the

chapter by Mr. Rennie already referred to, we find

here distinct, compact, neatly written treatises, based

on special points of practice, from the pens of such
men as Mr. Griffiths, Mr. John Penn, Messrs.

Maudslay and Field, Messrs. Dudgeon, Captain

Symonds, Mr. Langdou, etc., etc. The book, as a

whole, therefore, constitutes an encyclopasdia of the

screw propeller, possessing the immense advantage

over all other works on the same subject that it is

written not by one man, but by several who are

specially qualified to express the most valuable

opinions, and to supply the most valuable informa-

tion which is attainable. This fact alone would
suffice to establish the character of the volume as

the best work in existence on the screw propeller;

but, in addition to this, a single glance at the vol-

ume will show that it contains a set of engravings

which are absolutely unique. They represent to a

fair scale, not the screw propeller of the past, not

the screw propeller as it exists in patent office

specifications, not as it lies in the brains of invent-

ors, but the screw propeller, and every detail con-

nected with it, as it exists in the naval and mercan-
tile marine of Great Britain, and as it has come
from the hands of the very best mechanical engineers

in the whole world. It would be quite possible to

take these engravings into any drawing office, and
to prepare from them a set of drawings by the aid

of which the designs " depicted "—to use a favorite

word of Mr. Burgh's—could be carried out in prac-

tice. This is the highest praise which any engraving

can receive, and, knowing this, we award it cheer-

fully to Mr. Burgh's lithographs.— The Engineer.

rpHE True Basis for the Construction of

1 Heavy Artillery. By Lynall Thomas. Lon-
don : F. Taylor and Francis, lied Lion-court, Fleet

street, 1869.
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ACourse of Six Lectures on the Chemical
Changes of Carbon. By William Odlinu, 31.

B., F. R. S., Fulleriau Professor of Chemistry,

Royal Institution. Delivered before a Juvenile

Auditory at the Royal Institution, Christmas,

186S-'9. With Notes by Wm. Crookes, F.R.S.
London : Longmans, 1869. For sale by Van Nos-
trand's.

Dr. Odling's Christmas Course of Lectures for

Juveniles, at the Royal Institution, were no doubt
attended by some of our readers, who, though
childhood's time is gone with them, consented

under the circumstances to the imputation of being

still only big boys. To these and to all others who
were present at the delivery of the lectures, the

permanent record of them by Mr. Crookes will, we
are sure, be very welcome as a souvenir of some
happily spent hours. To listen to a lecture in

which the nature of some group of natural pheno-
mena is set forth in a form clear and distinct to the

entirely uninitiated by a master hand, has always

been to us a keen pleasure. Dr. Odling possesses

in a special manner the power of comprehensive
exposition, which, united with enviable qualities of

voice and manuer, renders his teaching unusually

attractive.

The title of this course of lectures

—

The Chemical
Changes of Carbon—only imperfectly indicates their

subject-matter. For the benefit of those—neces-

sarily the great majority—of our readers who did

not hear the lectures, we will briefly enumerate the

principal matters touched upon the method of the

course. Concerning the method, it is that of pass-

ing from one fact to some other to which it natu-

rally leads, making the selection according to the

object in view—that is to say, it is the common
method of passing from the known to the unknown.
This method has been, however, more extensively

followed in these lectures than is usual. Mr.
Crookes in his preface to the lectures says, and we
quite agree with him

:

" A remarkable feature in these lectures is the

fact, that every term made use of is defined as it

occurs, and the oral definition is supplemented by a

clear and decisive experimental illustration.''

Of carbou itself, its three forms are described

—

namely, charcoal, graphite, and diamond, while of

its compounds the three following are selected

—

carbonic gas (carbonic acid), carbonous oxide (car-

bonic oxide) and carbonic disulphide (sulphide of

carbon), to which we might add marble from the

considerable incidental notice it receives. The
carboneted hydrogens are not studied. The physi-

cal and chemical properties of the atmosphere are

pretty largely treated of, and the phenomena of

combustion, oxidation and reduction, and of the

diffusion of gases. The solubility of gases in liquids,

the conversion of gases into liquids, and the re-

conversion of the latter into gases with the attend-

ant phenomenon of the production of great cold

are also fully illustrated. So, too, is the remark-
able power of charcoal of absorbing gaseous bodies

and withdrawing substances from solution.

Mr. Crookes has added an appendix of notes

which is very useful. It might seem, at first, that

a studiedly simple exposition ought to need no ex-

planations, but it must be remembered that facts

may be adduced to illustrate a point, and do so

without ambiguity, at the same time that many
particulars concerning them may receive no atten-

tion. But these facts after they have served the

purpose for which they were brought forward, may
still excite inquiry in the mind as to other things

about them. Mr. Crookes' notes meet such a
curiosity. To both the author and the editor of
these lectures the friends of scientific education

must feel themselves indebted.

—

Scientific Opinion.

The Soldier's Pocket-Book for Field Ser-
vice. By Colonel G. J. Wolseley, Deputy

Quartermaster General in Canada. For sale by Van
Nostrand.
When, from time to time, we read of the publi-

cation of some military work of instruction, our first

impulse is to look out in the Army List for a detail

of the author's services, as we have a natural re-

pugnance to wading through volumes of theories by
men without war experience, who can only tell us
what they think active service ought to be. Strange

to say, almost all our military works are by such
men. Many of their books are clever, and calcu-

lated to turn attention to military subjects, but all

lack the clear ring of the practical about every page,

bearing upon it unmistakable evidence that what it

contains is either a personal theory or an extract

from some foreign author. Whatever may be the

shortcomings of the little handbook whose title

heads this article, it is, at least, by one who is en-

titled to instruct us in war. Indeed, we know of no
officer whose varied experience of active service

and upon the staff fits him so well to be the author

of such a work. It is intended, he tells us in his

preface, for all three arms and for men of every

rank; that the information it contains is the result

of his own personal experience, and that it is, there-

fore, of an essentially practical nature. Through-
out its pages there are extracts from our military

regulations. It is a curious circumstance that there

is but little in them whicli is applicable to war. If

a man, from some unknown country, were to pore

through them, it is possible he might imagine that

to " march past in slow time " was the object for

which our Army existed. War is, doubtles, alluded

to occasionally, but only as a possible contingency.

The consequence is, that when officers—even those

of many years' standing—find themselves for the

first time standing in front of an enemy, they are at

a loss how to act. When such men are in command
of regiments, unless they are of great common sense

and sound judgment, the service must sutler from
their endeavors to carry out in the field the routine

of barrack life, to which noble (?) subject so much
space is devoted in all our official regulations. Colo-

nel Wolseley's handbook will be to all such men a

vademecu'moi' great value.

—

Army § Navy Gazette.

Official Railway Manual of the Railroads
of North America for 1869-70; showing

their Financial Condition, Mileage, Cost, Earnings,

Expenses and Organizations ; together with a List

of the Railroads of the World. Compiled from

Returns furnished by the Companies. By James
H. Lyles, of Lindsay. Walton &. Co., 56 and 58

John street, New York.
This is a complete directory in everything relat-

ing to the Railways of the United States. It con-

tains, besides a full statement of the finances and

engineering particulars Of each road, full lists of the

directors and all officers, statements of the rolling

stock and locations of the shops, information as to

the election of directors, and a great deal of miscel-

laneous information of value to persons in any way
interested in railway matters.

—

American Artizan.
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MEMOIRE SUR LA COMPOSITION ClIIMIQUE DES
MONNERIES NeERLANDAISES ET SUR LA VO-

LATILISATION de l'Argent. Far A. D. Van
Riemsdijk, Docteur des Sciences. Pp. 38.

This is an abstract, reprinted and separately pub-
lished, from the "Archives Neerlandaises," vol. hi,

1868. The larger work was written and published

in Dutch early last year. It treats on a subject

which can only satisfactorily be experimentally

studied in a well-arranged Mint; and Dr. Van
Riemsdijk, having that opportunity at Utrecht
Mint, has thoroughly gone into matters with great

zeal and industry. It will be clear, even to a

casual observer, that divers chemical changes must
of necessity occur to the alloys intended to be con-

verted into coin during the many operations the

alloy is submitted to before it leaves the works ; it

is simply impossible to melt together two metals

and afterwards again anneal the partly rolled out

bars, without some chemical change being called

into play, The various changes and effects, also,

of the blanching and cleaning of the alloys have
been studied and experimented upon by the author.

He has extended his experiments not only to Nether-
lands, but also to Belgian, French, Peruvian, Bolivi-

an and Chilian silver coins. Gold coins are not made
at the Utrecht Mint as current Netherland coins;

hence no experiments were made with gold. The
author has also investigated the capability of silver,

both pure and alloyed, for absorbing and occluding

various gases, especially hydrogen and oxygen gas.

On the whole, those who work in silver on the large

scale, and are interested in the real composition and
constitution of the alloyed metal, will find in this

paper many very interesting and useful hints, while

assayers will certainly read with pleasure the infor-

mation contained in these pages.

—

Chemical News.

Bibliotheque des Professions Industrielles
et Agricoles. Edited by Eugene Lacroix.

Paris : 54, Rue des Saints-Peres.

This latest scientific publication of M. Eugene
Lacroix—the indefatigable editor of the Annates
du Genie Civil and the Etudes sur PExposition—
is calculated to considerably enhance, not only his

own already well-earned reputation, but also those

of the able contributors by whom he has been
assisted. Although the last-mentioned work
{Etudes sur VExposition) is not quite finished,

there being one more volume and the index unpub-
lished, M. Lacroix has already published several

volumes of a new work, entitled Bibliotheque des

Professions Industrielles et Agricoles, which ap-

pears to embrace a large field of subjects. Thus
the Theorie Mecanique de la Chaleur, which is

translated from the German of Professor Clausius

into French by Dr. Folie, is a very elaborate and
complete treatise upon this difficult subject, but
one which is most important to engineers and all

interested in the economy of fuel. The second
part of this treatise relates to the relation of the

mechanical theory of heat to electricity. The
next volume is upon a different subject, being an
Essai sur V administration des enterprises indus-

trielles et commerdales, by M. Lincol, and will be
found of great assistance to capitalists and mana-
gers of commercial enterprises of every description.

A chapter entitled " Du rapport entre entrepre-

neurs et employes," in which the rights and obli-

gations of employers and employed is considered, is

well worthy the attentive perusal of both classes

there indicated.

—

The Artizan.

Practical Specifications of Works executed in

Architecture, Civil and Mechanical Engineering
Road-making and Sewerage ; to which are added a
series of useful agreements and reports. By John
Blenkarn, C.E., and Architect. Philadelphia:
H. C. Baird, 18(38. 8 vo. pp. 416.

Projectors of promising and important enterprises
are not always wide-awake as to the financial de-
tails essential to the beginnings of carrying out.

Here lies the wide gap between all the fine plana
that are conceived, and their execution. There
exists, accordingly, a class of more practical and
less presuming engineers, who are sometimes called

contractors and sometimes boss laborers, and whose
care and specialty is to be clear on all questions of
cost, and specification in detail. The piesent work
is intended to assist engineers and architects with
examples and methods, chiefly of specifications ac-
companied by plans, in the acquisition of such all-

important practical points in the business of an
engineer in full reputation and activity, as could
otherwise be acquired only by many years expe-
rience.

—

Mining and Scientific Press.

On Mechanical Saws. From the Transactions
of the Society of Mechanical Engineers, 1867.

By S. "W. Worssam, Jr. Illustrated by sixteen

large folding plates. Philadelphia : Henry Carey
Baird, Industrial Publisher, 406 Walnut street.

Price $5.

The saw, there is good reason to believe, is one
of the oldest of all the instruments used in the me-
chanical arts; and it has certainly played a more
conspicuous part than any other in the history of
civilization, though it is a subject on which little

has been written. Ml . Worssam's book treats more
particularly on the several kinds of saws driven by
steam or other power—reciprocating, rotary and
endless band. It discusses the various forms of
teeth, with very copious illustrations; gives some
valuable information on sharpening and setting,

and on gauges, files and saw-sets. It also gives

illustrations of saAV sharpening machines. The work
is a valuable addition to industrial literature.

—

American Artizan.

The Elements of Theoretical and Descriptive
Astronomy; for the use of Colleges and

Academies. By Charles J. White, A. M., Assist-

ant Professor of Astronomy and Navigation in the

U. S. Naval Academy. Philadelphia : Claxton,

Remsen & Haffelfinger,*819 and 821 Market street.

This is a comprehensive though concise manual
of the principles of astronomy, adapted to colleges

and the higher grades of academies. It contains

the latest information on every branch of the sub-
ject, including the recent interesting discoveries

made by the aid of the spectroscope. We recom-
mend it to those who wish to know the general

principles and present state of the science of as-

tronomy.

—

American Artizan.

The Operations of War. By Colonel Edward
Bruce Hamlet, C.B. Blackwood. For sale

by Van Nostrand, New York.
In closing a long review of this volume, the

" Army and Navy Gazette " says :
" We feel that

Colonel Hamley has done good service by its pub-
lication; he has critically considered the revolution

that has taken place within so brief a period in the

operations of war; has weighed the consequences
calmly and deliberately, and has offered his conclu-

sions in a manner calculated to command attention."
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THE RuTHYEN HYDRAULIC PROPELLER Vei'SUS

The Screw and Paddle. London: J. Had-
don & Co.

This pamphlet, which the author has heen too

modest to own, proceeds from the "Ruthven Hy-
draulic Propeller office," and, as might be expected,
is devoted to the task of proving that the Ruthven
propeller is the best method of propulsion in exist-

ence. In order to accomplish this feat it has to be
demonstrated that the Admiralty experiments with
the hydraulic-propelled Waterwitch and the screw
vessels Viper and Vixen were erroneous. This is

done by asserting that in the Waterwitch, at the
time of the trials there was an enormous leakage
of steam, although Mr. Murray could not discover
it. Considering the eminence of Mr. Murray in his

profession, and also that the engines were one of
Mr. Dudgeon's best jobs, it requires a considerable
amount of credulity to accept the assertions con-
tained in this pamphlet.

—

The Artizan.

ATreatise ox Rope Makixg, as Practiced in
Private and Public Rope Yards; with a

Description of the Manufacture, Rules, Tables of
Weights, etc., adapted to the Trade, Shipping,
Mining, Railways, Builders, etc. By Robert
Chapman, formerly Foreman to Messrs. Huddart
& Co., Limehouse, London, and Master Rope-
maker of H. M. Dockyard, Deptford. Revised
edition. Philadelphia: Henry Carey Baird, 406
Walnut street. 1869. Price $1 50.

Besides containing calculations and other infor-
mation indispensable to the practical rope-maker
who desires to thoroughly understand his business,
this little book contains much that should be known
in the various trades and professions in which cord-
age is used.

—

American Artizan.

The Mechanic. Vol. 1, No. 1. New York. C.
Rogers & Co., 229 Broadway.

This a new weekly containing some dozen pages
of matter and many wood cuts. The prospectus
says: " That such a publication is required may be
seen from the fact that, by the census of 1860, there
were not less than 140,433 manufacturing establish-

ments in the country, employing 1,311,246 persons,
of whom 1,040,349 were males. Judging from the
number of applications for patents there must be
from 75,000 to 100,000 active inventors in the
country, most of whose improvements are specially

adapted to manufacturing processes and products."

The Milling Journal and Corn Exchange
Review. New York: J. Q. Nolan & Co., 95

Liberty street. June, 1869.
This monthly journal has been enlarged and im-

proved, and ought to be read with interest, we
think, by all men in the department specially ap-
pealed to, and by artizans in general.

The Report of the State Engineer of New
York on Railroads for 1868.—We have in

previous numbers of this Magazine quoted in full

Mr. Sweet's able article on the manufacture and
endurance of iron and steel rails and on permanent-
way in general. Probably no governmental paper
containing so much practical knowledge of the re-
quirements of modern permanent-way, has ever
been given to the profession. But this treatise is

a very small part of the State report. The partic-
ulars of cost, management and working, for all the
roads, are given in great detail.

MISCELLANEOUS.

Coal Mine Disasters in the United States.—
The more important recent disasters are thus

recapitulated in the " New York Times "
:

In five years, there have been but six accidents
worthy of mention, apart from the one which has
just occurred; and two of these are of a nature not
peculiar to mining. Thus, at Phoenix Colliery,

Schuylkill Haven, on the 23d July. 1864, while a
car loaded with miners was being drawn up the in-

cline, the chain broke, the car was precipitated
downward, and the twenty-one occupants of the car
were killed. In July of the following year a flood

occasioned by rain imprisoned the men employed in

a coal mine at Mahoning, Ohio, from Friday till

Wednesday ; they were rescued by drilling another
shaft. On the 3d April, 1867, an explosion fired

the Clover Hill Mine, Pennsylvania, and about
seventy miners—all that were at work—perished.

In this case there were two shafts, both of which
were closed with the view of controlling the fire.

In November of the same year Pine Ridge Colliery,

near Wilkesbarre, was closed to extinguish fire-

damp ; when opened, after some days, an explosion

took place. At Diamond Mine, Scranton, in March,
1868, twelve men were killed by the breaking of a
hoisting chain. The next casualty of which we
have any record occurred eleven or twelve days ago
in the Pine Ridge Colliery, in the Wilkesbarre
neighborhood. An explosion of fire-damp gave
rise to the fire at the entrance of the mine, in

which thirty men were at work. Their extrication

alive would seem, from the published statements,

rather the result of Providential incidents than of

any help which man was enabled to render.

And now comes the greatest calamity of all—the

fire in the Steuben Mine, and the almost certain

suffocation of more than two hundred miners. In
this instance it is believed that fire was communi-
ceted from the ventilating furnace to the wood-
work at the bottom of the shaft; the flames

rushed upward with frightful velocity, and at the

surface reached a mass of wooden buildings, which
no effort could save. Burning timbers and rub-
bish soon filled the shaft, and, as no second outlet

had been provided, the fate of all in the mine ap-
pears as certain as it is horrible. When at length a

passage was obtained, it was only to find the acces-

sible part of the mine filled with poisonous gases.

Aveling & Porter's Steam Plows and Steaji
Road Rollers.—At Beauvais, France, June

30th, Messrs. Aveling & Porter, of Rochester Eng-
land, and 43 Exchange Place, N. Y., exhibited

their Steam Road Roller and their Steam Plow.
The Emperor and Empress of the French were
present and devoted an hour to the examination of

Messrs. Aveling's machinery. The Emperor ex-

pressed himself highly gratified with the various

machines and presented Messrs. Aveling with a
gold medal for their Steam Road Roller, and an-

other gold medal for their steam plowing machinery,

which at the special request of the Emperor plowed
up a portion of the highway, and without breaking
any part of the machinery.

¥ooden Gas Pipes.—A firm in Oshkosh, Wis-
consin, has contracted to make 1,000.000 ft.

of wooden tubes to lay down in that city for gas

pipes. They are made of timber 6 in. square, bored
in the same way as pump barrels.
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STEAMING AND ROWING An ENGINEERING PAR-
ALLEL.—One of the most remarkable features of

modern steam navigation is the general substitution

of the screw for the paddle. Indeed, the screw

steamer has nearly driven its rivals from the stormy

Atlantic, where the merits of submerged propellers

and heavy spars are most manifest, and is fast chas-

ing them from more pacific waters the world over.

The "Persia," which but fourteen years ago was
considered the perfection of naval architecture, was
last year sold for £15,000, to be changed from pad-

dle to screw. Just as the Cunarders were experi-

menting with their first screws, the new French
line to this country was started with paddle ships.

One of them, the "Washington," which formerly

steamed ten miles an hour with 96 tons of coal per

day, has since been fitted with screws, and now
steams 11.8 miles with 83 tons of coal; and the

new ships of all Atlantic lines are invariably pro-

palled by screws.

The greater economy of the screw ship with a

given speed and load, or her greater speed with the

same fuel, are not due entirely to the fact that the

efficiency of her propellers as compared with that

of paddle-wheels is less impaired by the rolling of

the vessel—not entirely to the fact that the screw

steamer, by reason of the submersion of her pro-

peller and its indepencence of the rolling of the

ship, can carry more canvass and can sail on her

beam ends as well as on an even keel, as far as ap-

plying the engine power is concerned. Nor does

the superiority of the screw ship lie entirely in her

greater capacity for stowage, by reason of the

greater compactness of her engines, nor yet in the

improvement of her machinery for generating, su-

perheating, distributing and condensing steam, since

all these may apply equally to the paddle steamer.

One of the notable differences between the new
practice and the old, both in ships and locomotives,

is the high speed of piston adopted in modern en-

gines. The paddle engine is a great lumbering
heavy machine, moving at the moderate speed suit-

ed to the paddle-wheel. The screw engine is com-
pact, light and lively, and it pulls the quick stroke

demanded by the screw. A horse power is 33,000
pounds lifted one foot in a minute, or one pound
lifted 33,000 feet in a minute. Now the paddle

steamer principle carried to excess would illustrate

this law by lugging around the 33,000 pound weight,

and lifting it a foot, while the screw steamer would
be burdened only with the one pound, which it

would lift 33,000 feet. The total power is the

same, but while in the one instance, a large per-

centage of it is neutralized in carrying itself—in

carrying the cumbrous enginery by which its great

force works through a small space—in the other in-

stance, the enginery is small and light, because it

has only to transfer a small force through a great

space, and speed does not weigh anything.

There are many illustrations of this law in prac-

tice. The old style of locomotives with immense
driving wheels, big cylinders and ponderous parts,

has given place to light-moving parts, small drivers

and quick stroke. A small cotton cord running at

60 miles an hour through a machine shop does the

work of cumbrous cranes crawling a few feet a min-
ute.

This engineering law and these illustrations es-

tablish the correctness of the quick stroke adopted
by the Harvard oarsmen as compared with the long,

slow, beam-engine stroke of Yale. Speed is an

element of power that weighs nothing. If some
element that is ponderous is substituted for it, a
part of the total power is lost in the machine itself.

—iV. York Times.

Brown's Patent Stop Valve, or Gate.—This

is a sliding valve differing materially from, and
having many advantages over the wedge valve. It

is simpler, stronger, more effective, less liable to

leakage, and more easily, repaired. Its essential

feature is a compound lever brace, or toggle-joint,

which acts at the center of the gate, and at nearly

a right angle with it. The pressure of the brace is

very powerful, and having a center bearing, is dis-

tributed equally at every part, forcing the gate

firmly to its seat; thus preventing that unequal
bearing and consequent leakage, which in wedging
valves is incident to imperfect adjustment, uneven
wear, &.c. The brace, though pressing powerfully,

is instantly and freely relieved, for it moves through
an inclined groove, and has a rolling motion at each

end, thus avoiding all danger of sticking, as in

wedging valves. The brace effects great pressure,

and consequent tightness, with far less friction and
wear than is possible with wedging valves. The
gate is held gently to its seat by ribs in the box, so

that as it moves, it clears the seat of any foreign

substances which might otherwise get between the

gate and seat and cause leakage, as in wedging
valves; these ribs also relieve the stem from too

great strain upon it. The valve is easily repaired,

for the gate, brace and stem can readily be removed
from the box without disturbing the pipe.

The small sizes, of bronze, are made unusually

heavy, to prevent twisting, and of the best steam
metal. The iron gates are also very heavy, and of

a cylindrical and spherical form, to resist great

pressures, and to prevent springing and leakage. It

is as cheap as any other sliding valve, notwithstand-

ing its great superiority in principle, construction

and action. It is used by many of the largest

works in the country, and is conceded by the most
eminent engineers and machinists to be one of the

best valves known.

Steam Hammers.—Messrs. Morrison &. Co., of

Newcastle-on-Tyne, some time ago made a

very large steam hammer on their patent princi-

ple, for the Aboukoff Steel Works, near St. Pe-
tersburg. The piston and piston rod form, of

themselves, the hammer, and thus fractures now
and then occur. To renew the piston rod, or ham-
mer head, in wrought iron, costs £3,000, or. in

puddled steel, £4,000. Messrs. Thwaites & Car-

butt, of Bradford, are about to alter this hammer,
putting in new standards, with ordinary piston,

piston rod, and " tup."

Old and New Coal.—Our attention has been
lately drawn to a curious observation which

stands, as yet, as a fact without a sufficient reason.

In one case, where hard coal is used in large quan-
tities for purposes of me re evaporation, it appears

that some which has been kept on hand in open
piles for five or six months, is less effective by
from 13 to 15 per cent than that freshly mined. A
similar result, corresponding even in the percent-

age of deterioration, appears in another report

from a smelting furnace. The deterioration from
decrepitation, caused by absorption of water, is of

course well known, but does not seem to apply to

these cases.

—

Jour- Franklin Inst.
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WOODEN AND CONCRETE PAVEMENTS. Mr. Ju-
lius W. Adams, Chief Engineer of the Water

and Sewerage Commission, Brooklyn, recently
made the following report to the Board, which was
adopted :

" The Nicolson pavement is too well known to

require comment. It is extending in use in the
Western cities, and although from the nature of
the material, it cannot be expected to last as long
as stone, }

Tet its other acknowledged advantages
commend themselves to a large class of our citi-

zens.

The A. Miller pavement possesses, in my opinion,

peculiar advantages over the Nicolson, as will be
explained more particularly and at length hereafter,

and I think the Board will be justified in adopting
it, whenever they may have determined to use
wooden pavement, as being equal at least to the
Nicolson.

The McKenzie pavement has some merit, but it

has some of the defects of the Nicolson to a greater

degree than the latter, which may prove in practice

to counterbalance its other advantages. A prac-
tical test is needed before its claims to being an im-
provement on the first-named pavements can be
admitted.

The Williams pavement has an advantage in that

it is prepared to be laid on a bed of concrete. It

comprises in fact the concrete and wooden pave-
ments, with a consequently increased cost. The
merit claimed in the key of bituminous concrete is

a fallacy, in my judgment, and is so far an experi-
ment that until tested in practice I could not re-

commend the adoption of the plan by the Board.
The Miller pavement, with inclined blocks, ex-

perience has shown to be inferior to plans with the

piles placed vertically, and is probably the least to

be commended of any plan submitted to the Board.
Of the concrete pavements I have no evidence

that either the Fiske or the Scrimshaw has any ad-
vantages, the one over the other. This pavement
is extending abroad, but it has the merit in France
of being composed of the native asphalt, which is

not found in our country ; and the imitations of it,

composed of tar and gravel, it is known are very
inferior to the native material. Laid on the pres-

ent cobble pavement, properly repaired, it may
give good results. The Hoyt pavement is a mere
experiment, and possesses no merit that I can per-

ceive over the Fiske or Scrimshaw. Neither of
this nor of the remaining plans submitted have I

sufficient evidence before me to justify my recom-
mending them to the Board at this time."

Differential Pullet Blocks.—Messrs. Tangye
Brothers, Cornwall Works, Smethwick, pro-

duce in large quantities, as a special branch of

manufacture, Weston's differential pulley blocks,

of which since 1859 net less than 30,000 have been
turned out here. These are the only pulley blocks

yet made in which the weight is supported with-

out risk of running down while the cord or chain

is hanging loosely. The multiplication of power
also can be carried to almost any extent with an
exceedingly small amouut of friction. These
blocks, besides their extensive use in all ware-
houses and manufactories, have found several

special applications. While recovering from his

illness in 1865, the King of the Belgians was accus-

tomed to ascend from one floor of his palace to

another by means of these blocks, a suspended
couch being provided, from which his Majesty,

with very slight exertion, could raise or lower
himself at pleasure. In a note to the inventor,

General Garibaldi recommended their use for re-

mounting artillery thrown down on the battle field.

The watchman on the lofty fire observatory at

Hodges' Distillery, in London, raises himself easily

and rapidly to a height of 135 ft. At an abattoir,

near Brussels, 120 pairs are used in hoisting and
hanging the carcasses of the slaughtered beasts.

Prince Napoleon in person purchased a pair at the
Battersea Agricultural Show for use on board his

yacht. In Borneo they are attached to trees over-
hanging the coast, for loading vessels. They are
also largely used in Cornish mines. They suspend
chandeliers in public saloons. They are fitted on
board the Royal Oak and the other iron-clad
steamers. They lift the top of wagonettes and
coach-houses, and, in short, wherever lifts are re-

quired with complete security in raising and lower-

ing, the differential pulley blocks are employed
with obvious advantage.

—

Cor. Engineer.

ri^HE Patent Laws.—Resolutions were recently
J. passed by the Inventors' Institute of Great
Britain, to the following effect : that the inventor

was entitled to remuneration for his labor, expen-
diture and skill as much as the author or artist to

copyright for his book or work of art ; that capital

would not be embarked in promoting inventions

unless profitable return for such capital is assured

by the operation of law, such as is done by the ex-
isting patent law; that a good system of patent

law tends to foster the trade and industry of the

country, and to maintain its industrial position

against the active pressure of foreign competition;

that working men are especially interested in sup-
porting the present law, by which they can not

only safely exhibit their inventions in public, but
reap the fruits of improved education and increased

application of inventions.

Shipping of Great Britain—In the year 1868,

the icgistered shipping of the United Kingdom
(exclusive of river steamers) employed in our home
and foreign trade, comprised the unprecedented

number of 22,250 vessels of 5,516,434 tons, employ-

ing 197,502 men, exclusive of masters, viz: 20,525

sailing vessels of 4,691,820 tons, employing 153,840

men, and 1,725 steam vessels of 824,614 tons, em-
ploying 43,662 men. At the end of the year there

stood registered as belonging to the United King-

dom 28,444 vessels of 5,780,530 tons, viz : 25,500

sailing vessels of 4,878,236 tons, and 2,944 steam

vessels of 902,297 tons. This is the highest ton-

nage ever recorded. There was built and registered

in the United Kingdom in 1868, 879 sailing vessels

of 300,477 tons, and 232 steam vessels of 79,096

tons.

Wave Power.—An engineer of New York pro-

poses to employ the waves of the ocean as a

motive power for running mills, factories, &c. His

plan is to build on the beach (at Long Branch,

Rockaway, or elsewhere) a dyke several hundred

feet in length, against which the waves of old ocean

are privileged to break as wildly as they will, but

are not to be allowed to recede. In the sea face of

the dyke are the openings of conduits which con-

duct the water to a reservoir within the dyke. A
canal from the reservoir re-conducts the water, by

a circuitous route, to the ocean, to turn on its way

the wheels of as many mills as can be built on the

canal banks.
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Deep Sea Soundings.—At a meeting of the New
York Association for the Advancement of Sci-

ence and Art, held June 1-4, Mr. Livingston Morse
exhibited his recently invented device for taking deep
sea soundings without the inconvenience and delay

incident to the use of ordinary sounding lines. The
apparatus is termed a " bathometer," and consists

in a hollow cylinder of wood or sheet-metal con-
taining a number of hollow glass spheres, which,
being filled with air, constitute the floats by which
the device is caused to return to the surface of the

water after its descent to the bottom. The cylinder

is ballasted in such a way that it will maintain an
upright position in the water, and has a detachable
weight affixed to its lower end. When dropped
overboard, the weight carries the apparatus to the

bottom, whereupon, by an automatic contrivance,

the weight is detached and the cylinder rises to the

surface. The time of ascent and descent being
about equal and the rapidity of movement being

ascertained by previous experiment, the period of

submersion is a tolerably accurate index of the

depth. The inventor, however, does not intend to

rely upon this, but has provided the apparatus with
a peculiar registering device by which the pressure

of the water, and consequently the depth, is accu-
rately recorded. The instrument is furthermore so

contrived as to bring up a specimen of the bottom
of the sea at the point where it struck.

—

Jim.. Arti-
zan.

Water Deprived of Air—Boiler Explosions.
—In reference to the well-established fact

that water, after having been deprived of air as

much as possible, either does not boil at all when
heated, or does so with violent, sudden starts and
concussions, some experiments have been made by
Kremers, who observed that, in order to assist in

expelling air from water, the addition of spirits of
wine, in the proportion of one part of the latter to

three of the former, is very useful. He cautions
against a danger which exists when such a mixture
is heated too rapidly, since it is very apt to boil

over, especially after a portion of the spirit has
evaporated. It is rather curious that, though both
the water and spirits of wine were pure, the mix-
ture when boiling should assume a greenish -yellow
hue, which disappears again on cooling. The boil-

ing-point of the fluid easily becomes as high as
109°. As a result of a large number of experi-
ments, the author finds that water, as fully deprived
of air as possible, may be heated as high as from
180° to 200° C, without boiling permanently.—
Quarterly Journal of Science.

A New Freezing Mixture, whicb*appears to be
of considerable interest, has been described by

Mr. Galletly. When citric acid and crystallized

carbonate of soda, in powder, are stirred together,

the mass gets into a pasty state, and in a short
time becomes quite liquid. If equivalent propor-
tions of the substance are used, the temperature
falls from 60= F., to 8° F. The mixture, for a
time, is full of air-bubbles, but soon becomes a
clear, dense, syrupy fluid. The fluid obtained by
mixing the powders becomes solid in a day or two
standing in a corked jar. The solid mass has the
appearance of set plaster of Paris or damp chalk.
The addition of a very little water appears to pre-
vent this setting into a solid mass; but the chalky-
looking citrate lies a long time in cold water with-
out being dissolved.

—

Quarterly Journal of Science.

Platinizing Copper.—In order to obtain a pla-
tinizing fluid capable of platinizing copper,

yellow metal, and brass, add to a moderately con-
centrated solution of chloride of platinum, finely

powdered carbonate of soda until effervescence

ceases, next some glucose, and afterwards just so
much common salt as will cause a whitish-colored
precipitate. When it is desired to apply this mix-
ture for platinizing, the objects to be treated are
placed in a vessel made of zinc and perforated with
holes, the vessel is then placed, with its contents,

for a few seconds in the mixture just described,
which, just previous to using, should be heated to
60° C. On being removed from the zinc vessel,

the objects are to be washed with_water and dried
in saw-dust.

—

Quarterly Journal of Science.

Self-Registering Compass.—An instrument of
this description, devised by Captain Albini, of

the Italian Navy, and constructed by Messrs. Elliot

Bros., of London, was exhibited at the late Conver-
sazione of the Institute of Civil Engineers. It con-
sists essentially of a compass, with a card carrying

types at its periphery in such a way that, by an at-

tached clockwork, an impression may be made at

stated intervals on a band of paper, from whatever
type is over a certain point at these times. Thus
clearly an almost continuous record of the ship's

course may be automatically produced.

Water Ballast Road Roller.—Messrs. Ames
& Barford, of Peterboro', England, are build-

ing rollers, water tight, so as to be filled with water
to increase the pressure when necessary. Besides

securing in one roller a one, two, or three-horse

implement at pleasure, the iucreased weight is em-
ployed directly on the surface of the land, with the

highest percentage of crushing power, yet without
increasing the friction on the bearings (and conse-

quently the draught of the implement), as is the

case when the old clumsy plan of loading the frame
is resorted to.

Ventilation, Food and Health.—General Mo-
rin, in giving an account at the Academie des

Sciences of the successful application of his ventil-

ating apparatus in a large weaving factory employ-
ing 400 workpeople, and in which were lighted 400
jets of gas, observed that its advantage might be

judged of from the fact that during October, Nov-
ember and December, 1867, when the ventilation

was defective, only 15.000 kilogrammes of bread
were consumed, while, during the same months
of 1868, after it had been improved, 20,000 kilo-

grammes were required, being a gain of 25 per cent

for the health and vigor of the operatives.

Wasted Coal Dust.—In Great Britain the quan-
tity of coal dust remaining unemployed is

calculated at 28.000,000 tons. Various methods
have been attempted to convert it into useful fuel

by compressing it into cakes, but the operation is

not sufficiently remunerative. In Belgium they

follow another plan, which seems to answer better.

They mix coal dust with eight per cent of tar, and
then press it into cakes, which are found to make
excellent fuel for steam engines.

Artificial Lightning.—Professor Pepper has

recently added to the apparatus of the Poly-

technic Institution a monster induction coil, which

furnishes a spark, or rather flash of lightning, 20

inches in length.
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BOILER EXPLOSIONS.

ON THE OVERHEATING OP FURNACE
CROWNS AND OTHER BOILER PLATES
WHEN COVERED WITH WATER.

Keport of Mr. Fletcher, Engineer to the Manches-
ter Steam Users' Association.

From " The Engineer."

Every one at all conversant with the

working of boilers is aware that when they

are allowed to run short of water, the fur-

nace crowns are apt to become overheated,

the plate to be bulged downwards or other-

wise distorted by the pressure of the steam,

and in many cases to be rent, from which
cause explosions frequently arise. This is

admitted on all hands, and the rationale is

so simple that the whole must be at once

apparent.

It is not, however, by any means so gene-

rally known that furnace crowns may be
overheated and bulged out of shape—suffi-

ciently so in some cases to cause an explo-

sion—even when they are covered with an
ample supply of water. Such, however, is

unquestionably the fact, and I wish specially

to call attention to the subject on the present

occasion.

Overheating of boiler plates when covered

with water has been found to arise from two
causes—one, the too local action of an in-

tense fire, the other the character of the

feed-water.

Injury from intense firing sometimes
occurs to boilers heated by the flames pass-

ing off from separate furnaces constructed

of fire brick, as in the case of puddling fur-

naces at iron works, when the flames are too

frequently allowed to impinge directly upon
the boiler, in consequence of which steam is

Vol. I.—No. 11.—63.

generated so rapidly that the water is driven

off from the plates, and overheating ensues.

This is more especially the case where the

heating surface is a vertical one, so that the

steam on rising forms a separate film be-

tween it and the water. Two explosions

resulting from this cause may be referred

to. One of these occurred at an iron works

on the 9th of February, 1865, to an exter-

nally fired boiler of the upright furnace

class, heated by the flames passing off from

two puddling furnaces, as well as from a

large fire grate. The particulars of this

explosion were given in the Association's

"Monthly Report" for February, 1865.

Another explosion of a similar character

occurred on the 7th of February, 1866, to a

plain cylindrical egg-ended boiler, heated

by the flames passing off from a mill furnace

at a works employed in the manufacture of

angle iron. Details of this explosion will

be found in the Association's " Monthly
Report" for February, 1866.

It is desired, however, on the present

occasion to call attention more especially to

those cases in which overheating of the

plates, whether in externally or internally

heated boilers, has occurred simply through

the character of the feed-water, and not

from any peculiarity in the mode of firing.

The feed-water which is found to be more
particularly productive of overheating is

highly impregnated with carbonate of lime.

It forms but little scale, and that seldom

thicker than an egg shell, though perhaps

in some cases it may be nearly equal to one-

eighth of an inch. It deposits, however, a

good deal of fine flour or dust, which is

generally of a lightish color. As this dust

is quite loose, a good deal of it is floated
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away with the water when the boiler is

emptied, while the remainder is readily

washed out, so that on account of the ease

with which it is removed, and the light

character of the scale, it frequently escapes

attention. If grease be introduced iuto

boilers in which this deposit is formed, the

furnace crowns are found to give way, the

plates to bulge downwards, and leakage to

take place at the seams of rivets. The dis-

tortion of the furnace plates, however, does

not, as a rule, take place suddenly; on the

contrary, the crowns come down very gradu-

ally, progressing little by little day after

day, though hard firing in many cases has

an immediate influence. Grease is intro-

duced into boilers in various ways. The
feed-water is frequently heated by blowing
the exhaust steam from the engines upon it,

so that the grease in the cylinders is carried

with the feed-water into the boiler, while,

in addition, the discharge taps from the

cylinders sometimes blow into the cistern

from which the feed-pump draws, so that

the boiler gets all the engine sewage. Blow-
ing the exhaust steam upon the feed-water

has another effect beside the introduction of

grease. It is sometimes lost sight of how
much of the deposit formed within boilers is

lifted out of the water by the steam and
carried through to the engines, and thus

disposed of either through the exhaust pipe

in high-pressure engines, or in the hot well

in low-pressure ones. When, therefore, the

exhaust is blown upon the feed-water, this

deposit is returned to the boilers, and a

constant accumulation takes place, more
especially if bluwing out be neglected.

That the steam lifts the deposit, and carries

it along with it, is clear from the fact that

it is frequently manifested at the glands

and other parts of the engines, and also is

heaped up in the steam dome when there is

a shelf on which it can accumulate. These
shelves are formed when the shell plate at

the base of the dome is not cut away to its

full size. This forms an eddy in the current

of the steam, and leads to the deposit being

dropped on the shelf plate, as just stated.

With regard to the manner in which this

floury deposit affects the plates over the fire

and leads to their injury, it does not appear

to be necessary to suppose that this deposit

becomes heaped upon the plates in order to

lead to their overheating. It is doubtful

whether it settles at all as long as the

boiler remains in active work ; while, were
it to do so, it would settle where the ebulli-

tion was the least violent, and thus not on
the furnace crowns of internally fired boilers.

Possibly this fine floury deposit, by thicken-

ing the water, interferes with the due escape

of the globules of steam, so that they are

kept longer in contact with the plates over

the fire than they should be, and thus the

intimate contact of the water with the plates

becomes interrupted, and overheating is

produced. This may perhaps be illustrated

in the following way: Clear water placed in

a clean saucepan may be briskly boiled over

a fire without foaming over, but if a little

meal be dropped into it, or the water ex-

changed for milk, the globules of steam are

no longer able to escape freely, and in their

struggle they upheave the whole mass, and
vomit a portion of it into the fire. Such is

thought to be somewhat the action that

takes place within a boiler charged with this

fine floury deposit. The globules of steam

imprisoned in the water lift it from the

plates in their struggle to escape, and thus

gradual overheating takes place in propor-

tion to the character of the water and the

intensity of the fire.

I am not desirous, however, of entering

too minutely upon the precise manner in

which this floury deposit leads to the over-

heating of the plates ; suffice it to say that

the results are indisputable, that numbers
of boilers have been injured by it, and what-

ever may be the precise modus operandi, it

appears to have the power of preventing

that intimate contact of the water with the

plates which is essential for carrying off the

heat with sufficient rapidity, so that although

they may not be made red hot, yet they be-

come sufficiently overheated to lose a por-

tion of their tenacity, when bulging under
pressure ensues. Numerous instances of

this have come before my notice, the par-

ticulars of some of which may now be
given.

No. 1. The first of the cases that may be
referred to was met with about the close of

1862, and occurred to a boiler fed from a

well sunk near the river Mersey, in the

neighborhood of Birkenhead. The boiler

was of the ordinary Lancashire class, having

two furnace tubes in which the fires were
placed, while its length was about 20 ft., its

diameter 6 ft. 6 in. in the shell, 1 ft. 10^
in. in the furnace tubes, and the load upon
the safety-valve 40 lbs. per square inch.

This boiler had been found to give way
again and again at the furnace crowns, the

plates bulging down out of shape, and re-
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peated repairs had taken place in conse-

quence. The plates over the fires had been

taken out and renewed with those of Low-
moor iron, which had every appearance of

being of first-rate quality. Also each of the

furnace crowns had been lashed to the top

of the shell by three vertical stay rods, but

the plates persisted in bulging downwards
notwithstanding, and came down between

and all round the points of support, as will

be seen on consulting the accompanying cut,

Fig. 1.

Fig. 1. Transverse Section.

Under these circumstances I was request-

ed to examine the boiler and advise the

owners as to what had better be done. Im-
mediately on drawing off a little water, from
the glass water gauge I attributed the in-

jury that had occurred to the furnace crowns

to the fine deposit contained in the feed-

water, and recommended a scum trough for

blowing out from the surface of the water,

in order to rid the boiler of this deposit. In
answer to inquiries the owners did not think

they were admitting any grease to the

boiler, and had such confidence in the feed-

water, which appeared so clear before it was
pumped into the boiler, that I was unable

to persuade them to adopt the simple expe-

dient of a surface blow-out apparatus. One
cause after another was assigned for the

injury, and it was supposed that as the

boiler was worked night and day, that the

water supply had been allowed to run short

at night time, and that the deflection of the

plates was due to a series of minor neglects

of this character. On one occasion the

owners felt sure they had at last detected

the source of the mischief. They discovered

that the fireman, anxious to get away quickly

on the Saturday evening, had started to blow
off his boiler before he raked out the fires,

in consequence of which the furnace crowDS

were laid bare with the fires still in, and
thus became overheated. In confirmation

of this it was stated that it had been fre-

quently observed on setting to work on
Monday mornings, that these deflections had
been increased, so that the chain of evidence

was supposed to be complete. It was soon
found, however, that the bulging was too

persistent to be accounted for in this way,
and the owners, rather than adopt the sim-

ple expedient of putting in a scum trough
for blowing out the deposit, which there is

little doubt would have remedied the evil,

resolved on condemning the boiler altogether

and on putting in a new one.

The new boiler was of larger dimensions

than the old one, the diameter being 7 ft. in

the shell instead of 6 ft. 6 in., and 2 ft. 1\
in. in the furnace tubes instead of 1 ft. 10-|

in., while the tubes were strengthened at

the ring seams of rivets with encircling

hoops, which had not been the case in the

old boiler. With this new boiler, though
not fitted with a surface blow-out apparatus,

the same difficulty was not experienced as

with the old one, which arose from the fact

that the superior size of the new boiler

enabled it to do its work more easily than

the other, and thus with more gentle firing.

As long, however, as the feed is of the same
character as it was in the other boiler, the

same tendency remains, and it will only be

necessary to make the new boiler do as much
work for its size as the old one did to lead

to the furnace crowns being again disturbed,

though doubtless they would derive consid-

erable assistance from the encircling hoops,

so that but little bulging of the plates might
take place, though leakage would occur at

the seams of rivets.

In this case the water was not analyzed,

as it was on subsequent occasions, but it

may be stated that it left a fine floury de-

posit of a very similar character to the cases

mentioned below, and which were found to

consist of from 70 to 80 per cent of carbon-

ate of lime.

No. 2. Another very similar case of the

failure of furnace crowns was met with in

May, 1866. It occurred in the neighbor-

hood of London, to a Cornish boiler fed with

the New River Company's water.

This boiler, I was informed, had failed at

the furnace crowns, and repeated repairs

been resorted to. These, however, had such

little effect that one boiler after another had
been laid down, till some three or four boil-

ers had been ruined in the course of three
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years ; while one of the boilers had received

a new flue tube. Added to this, experi-

ments had been tried by altering the steam
dome, and, altogether, the owner informed

me, the affair cost him £700. Disheartened

with these repeated failures, he was per-

suaded to exchange the internally fired

boiler for an externally fired one, with a cou-

ple of return tubes running through it, which
he had just laid down at the time of my visit.

On making an examination of the boiler

I found that it contained a good deal of fine

floury deposit of a light color, and that the

feed-water was heated by the injection of

the exhaust steam from the high-pressure

engines, so that the grease from them passed

through into the boiler. I called the own-
er's attention at once to these facts, and ex-

plained to him that these were the causes of

all the trouble he had experienced. He
urged by way of objection that prior to the

last three years the boiler had worked for a

eonsiderable time with the same water, and
with the feed heated by the exhaust steam,

without giving trouble, and therefore argued
that the fault could not be with the water
or with the grease discharged from the en-

gines. This objection appeared at first sight

difficult to meet, but on inquiry it was found
that about three years before then the work
became too severe for the engine, when its

power had been doubled by the addition of

a new cylinder, which gave the boiler more
work to do, and necessitated its being more
severely fired. This at once made the whole
matter plain. The tendency had existed all

along, but had not been developed till the

fires were pressed.

The following is an analysis of the deposit
in question

:

Carbonate of lime 73.87
Carbonate of magnesia 4.59
Oxide of iron and alumina 7.07
Organic matter 3.15
Sand silica alumina 11.32

100.00

N. B.—This was a fine dry powder of a

slate color, difficult to wet with water.

It will not escape observation that this

floury deposit contained as high an amount
of carbonate of lime as 73 per cent, and,

simple as it appears, it was through the

presence of this fine flour or dust that the

four boilers referred to above were ruined,

and the expenditure of £700 incurred.*

* From a table compiled by J. Atfield, F.C.S.,
Demonstrator of Chemistry at St. Bartholomew's

In the new boiler a good surface blow-out
apparatus was adopted, and the boiler was
frequently blown out at the bottom as well
as from the surface of the water. This
proved sufficient to remove the difficulty,

though the credit was wrongly given to the
change from the internally fired boiler to

the externally fired one. Externally fired

boilers are effected by this description of
feed-water as well as internally fired ones,

which will be seen from the next case of

inquiry.

No. 3. A third case was met with in

June, 1867, at a colliery in the neighbor-

hood of Ruabon, North Wales. In this in-

stance six new plain cylindrical egg-ended
externally fired boilers failed withiu six

weeks after they were set to work, giving

way at the plates over the fire. These boil-

ers were 5 ft. 6 in. in diameter, 36 ft. long,

made of plates three-eights of an inch in

thickness, and worked at a pressure of 40
lbs. per square inch. The owners threw the

blame of the failure of these boilers on the

makers, attributing it to the quality of the

plates or workmanship, and consequently a

dispute arose, and I was requested to make
an examination. On doing this I found
that the plates over the fire were of Low-
moor iron and of good quality, and that the

fault did not rest with the boilers but with
the feed-water, which formed, as in the pre-

vious instance, a fine floury deposit, consist-

ing to a great extent of carbonate of lime,

while it was heated by the exhaust steam
from the engines, and thus charged with

grease, in consequence of which, as in the

previous cases, the plates over the fire had
been overheated and bulged down out of

shape, while, in addition, leakage had taken

place at the seams of rivets. The manager
was unwilling to accept so simple an expla-

nation of the difficulty, though he had pre-

viously received a similar opinion from
another engineer, and been advised that he

must either change the feed-water or give

up heating it with the exhaust steam, so as

to prevent the introduction of grease to the

boilers. Though ridiculing the recommenda-
tion, he had nevertheless diverted the ex-

haust steam from the feed-water, when he
found that the result justified the explana-

Hospital, it appears that the New River Company's
water, with which this boiler was fed, contains 19.78
grains of solid matter per gallon. Also that the
amount of carbonate of lime is greater than that of
any other ingredient, and equals 7.82 grains per
gallon.
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tion given and remedy proposed. Time show-

ed that overheating did not recur, and the

boilers worked on without further trouble.

The following is an analysis of the deposit

formed within these boilei's, and which, I

believe, was taken from them before the

arrangement for heating the feed by the

exhaust steam was given up, so that at that

time grease was admitted

:

Carbonate of lime 75.26

Sulphate of lime 10.02

Carbonate of magnesia 8.78

Oxide of iron and alumina .47

Insoluble matter (sand. &c.) 2.68

Organic matter .... 2.79

100.00

N. B.—This sediment was a white powder
and smeled of tallow. By digestion with

ether, grease was extracted and collected.

The following is another analysis of the

deposit taken from these boilers subsequently

to the last specimen, and after . the practice

of heating the feed-water with the exhaust

steam had been discontinued, when the

boilers were fed with cold water:

Carbonate of lime 8-4.10

Sulphate of lime 2.25

Carbonate of magnesia 8.73

Oxide of iron and alumina 1.41

Insoluble matter (sand, &c.) 1.98

Organic matter 1.53

100.00

N. B.—The organic matter did not con-

tain grease.

It will be observed the grease was de-

tected when the feed-water was heated by
the exhaust steam, but not after that prac-

tice was discontinued.

In addition to the above, further analyses

were made at a later date, both of the fine

floury deposit and of the scale :

Flouet Deposit.

Carbonate of lime 80.00

Sulphate of lime 6.08

Carbonate of magnesia 12.44

Oxide of iron and alumina .98

Sand, &c 50

100.00

Scale.
Carbonate of lime 77.40

Sulphate of lime 9.52

Carbonate of magnesia 10.90

Oxide of iron and alumina 1.22

Sand &c 96

100.00

The following is an analysis of the water

with which these boilers were fed

:

The total solid matter left on evaporating

a portion of the water amounted to 45.15

grains per gallon. This consisted of

—

Grains

per gallon.

Carbonate of lime 23.75
Sulphate of lime 1 .57

Sulphate of soda 4.33

Common salt 2.63

Carbonate of magnesia 5.18

Organic matter and loss 2.69

40.15

Note.—The carbonates of lime and mag-
nesia are kept in solution by the presence of

free carbonic acid. If this is neutralized

by the addition of lime, a portion is precipi-

tated. By this means nearly one-half the

total matters in solution may be removed.
xVlso in boiling the water, before evapora-

tion commences, a portion is precipitated.

From the above analyses the high propor-

tion of carbonate of lime will be seen in

each case

:

Analysis No. 1 gave—Carbonate oflime.... 75.25
No. 2 gave—Carbonate of lime. ... 84.10

No. 3 gave—Carbonate of lime. . . . 60.00

Mean result 79.7S per cent.

From this it appears that the mean result

was nearly equal to 80 per cent of carbon-

ate of lime contained in the fine floury de-

posit.

It should be added that at the same col-

liery there was another range of plain cylin-

drical externally fired boilers, which had
been working for a number of years without

failing as the new ones had done. The
manager, therefore, pointed to this fa-ct in

support of his view that the new boilers

were at fault and not the feed-water, since

the feed-water appeared to him to be as

good in one case as in the other. To settle

this question an analysis was made of the

water with which the old range of boilers

were fed, as well as of the deposit formed

within them, in order that a comparison

might be instituted, when the following was
found to be the result

:

Sediment.

Carbonate of lime 22.00

Sulphate oflime 63.78

*Magnesia 14.07

Oxide of iron and alumina .09

Sand, &c 06

100.00

*This would be equivalent to 20.17 carb. magnesia.
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Scale.
Carbonate of lime 10.17

Sulphate of lime 72.94
Carbonate of magnesia 15.89

Oxide of iron and alumina .63

Sand, &c 37

100.00

The following is an analysis of the water :

A portion of the water evaporated to dry-

ness, left a residue amounting to 90.3 grains

per gallon. This contained

—

Grains

per gallon.

Carbonate of lime .15

Sulphate of lime 16.93
Sulphate of soda 51.55
Common salt 2.93

Carbonate of magnesia 17.11
Magnesia 1 .22

Organic matter and loss .41

Total 90.30

N. B.—As this water is concentrated by
evaporation it becomes alkaline.

The addition of lime gives a precipitate

amounting to nearly one-third the total mat-
ter in solution.

Boiling the water causes no precipitate.

There was a deposit of organic matter at

the bottom of the jar which contained the

water.

The results of the analyses of the feed-

waters of the new and old ranges of boilers,

as well as of the sediment, will be the more
easily compared on reference to the follow-

ing table

:

New Boilers which failed after six weeks'
WORKING.

Percentage of carbonate of lime in fine floury .

deposit 79.78
Grains of carbonate of lime in a gallon of

water 23.75

Old Boilers which worked for years.

Percentage of carbonate of lime in fine floury

deposit 22.00
Grains of carbonate of lime in a gallon of

water 15

From this table it will be seen how differ-

ent were the characters of the waters by
which the two ranges of boilers were sup-

plied, and how much more carbonate of lime

was contained in the one that fed the new
boilers, which failed after six weeks' work,
than in the one which fed the old boilers

that worked on for years, while it corrobo-

rates the view that the failure of the new
boilers was not due to their material or

workmanship, but to the fine floury deposit

formed by the feed-water.

No. 4. The fourth case of injury to fur-

nace crowns through the use of a feed-water

forming a fine floury deposit, came under my
notice in August, 1867, and occurred in the

neighborhood of Lancaster, to a range of

three Lancashire boilers measuring about

28 ft. in length, 7 ft. in the diameter of the

shell, and 2 ft. 7A in. in that of the furnace

tubes, which were strengthened with T iron

hoops at each of the ring seams of rivets,

while the blowing-off pressure was about 60
lbs. per square inch. In this case, though
the feed-water was drawn from a neighbor-

ing stream, which was perfectly clear to the

eye, these boilers were found to give re-

peated trouble at the furnace crowns, the

plates bulging down, and the ring seams
straining and leaking.

The fault had erroneously been attributed

to the construction of the boilers, in conse-

quence of which the encircling hoops had
been removed and the furnaces renewed with

ordinary lap-riveted plates. This alteration

was clearly in the wrong direction, and the

plates soon bulged, and the seams soon

leaked again as badly as ever.

The accompanying cut, Fig. 2, will show
the nature of the distortion of the furnace

crowns in this case.

At this juncture I was requested to make
an examination, and on getting inside one of

the boilers, found that it contained a con-

siderable quantity of light floury deposit,

very similar to that met with on previous

occasions, and already described, while in
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addition the feed-water was heated hy the

exhaust steam from the engines, and thus

charged with grease. Though a surface

blow-out apparatus was fixed to these boilers,

it was quite neglected, the connection be-

tween the internal collecting trough and the

scum tap being broken off, so that it was
rendered useless, while the boilers altogether

had been very carelessly looked after.

These facts were faithfully reported to the

manager of the works, coupled with the re-

commendation that the practice of heating
the feed-water by the injection of the ex-

haust steam should be at once discontinued.

But this view of the case by no means proved
acceptable. The manager was resolved to

have the boilers condemned, and not their

treatment, or that of the feed-water. The
following analysis, however, of the feed-

water and sediment formed by it, shows how
similar they were in character to the previ-

ous cases referred to

:

Sediment.

Carbonate of lime 84.210
Sulphate of lime 1.447
Carbonate of magnesia 3.991
Iron-peroxide, alumina 1.811
Silica-sand 1.441
Moisture and volatile matter. . .

.

7.100

100.000

N. B.—The volatile matter seemed to be
of an oleaginous nature, and could not well

be estimated.

Grains

,

"Watek. per gallon.

Carbonate of lime 11.228
Sulphate of lime 3.840

Carbonate of magnesia 2.224
Chloride of sodium 2.460
Silica 550

Total residue, 20.440. Hardness before

boiling, 13.5°. Hardness after boiling, 4.5°.

N. B.—The water was clear, slightly acid,

and contained but a trace of iron. It has

no particular solvent action on iron.

Looking at the above analysis, there can

be no question that the character of the

feed-water and the introduction of grease,

coupled with the practice of allowing the

sediment to accumulate in large quantities

in the boilers, was the cause of the injury

to the furnace crowns, as in the cases previ-

ously referred to ; while it may be added in

confirmation, that after examining these

boilers I was informed that one, if not more,
of the fusible plugs had been blown out,

though covered with water at the time, which
is a clear evidence that overheating had

taken place. Trying, however, as the feed-

water was in this instance, the injury to the

furnace crowns would have been materially

reduced, and probably avoided altogether,

had the apparatus for blowing out from the

surface of the water been kept in good order

and regularly used.

It may also be stated that at the time of

my visit I strongly urged that the boilers

should be gently fired, since, under the cir-

cumstances, hard firing might bring the fur-

nace crowns down in two hours. 1 had but
just returned to Manchester when the man-
ager wrote me that another of the boilers

had failed at the furnace crowns, and the

works in consequence were at a standstill.

Hard firing is an important element in these

cases of injury to furnace crowns with waters
containing this fine floury deposit.

No. 5. The fifth case which may be re-

ferred to, occurred in Sunderland, to a boiler

of the patent double-furnace conical water
tube class, and my attention was called to it

in January, 1868. This boiler had been
found to fail repeatedly at the plates and
seams of rivets in the furnaces, in conse-

quence of which frequent repairs had been
had recourse to, and, supposing that the in-

jury to the boiler was due to expansion of

the parts, and to too much rigidity, a hoop
of bridge rail or horse-shoe section had been
worked out of Lowmoor iron, and introduced

at one of the ring seams of rivets in each of

the furnaces, in order to give elasticity.

This, however, proved of no avail, the fur-

naces again gave trouble and bulged inwards,

when some strong stays, lashing the furnaces

to the shell, were put in, somewhat as in the

case of No. 2, and as illustrated in Fig. 1.

At this juncture the owner of the boiler,

who was a corresponding member of this As-
sociation, saw me with regard to it, and
from his sketch of the shape in which the

furnaces had given way, the case appeared

very similar to those already mentioned,

while it turned out on inquiry that the feed-

water contained a good deal of carbonate of

lime, and that it was heated by the exhaust

steam, and thus received the engine sewage.

I laid the facts of the previous cases before

the owner of the boiler, and on his return

he had the feed water changed, when the

bulging of the furnace crowns ceased, while,

it may be added, that he found on reference

that the difficulty with the furnace crowns

had commenced with the use of the feed-

water in question, so that this afforded a

double proof of the cause of the injury,
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No. 6. The sixth case which may be men-
tioned, and to which my attention was first

drawn about March, 1868, gave as much
perplexity as any one of them.

It occurred to an ordinary Lancashire

boiler in the neighborhood of Manchester,

while the feed-water, which was drawn from
a well sunk on the premises, was heated by
the exhaust steam from the engine. The
boiler measured about 24 ft, in length, 6 ft.

9 in. in the diameter of the shell, and 2 ft.

3 in. in the furnace tubes, while it was
worked at a pressure of about 55 lbs. on the

square inch. This boiler had been origi-

nally constructed for experimental purposes,

in consequence of which some steam pipes

from 10 in. to 12 in. in diameter were car-

ried through it from one end to the other,

which thus served as longitudinal stays to

the end plates. As these complicated the

boiler they were removed, and gusset stays

substituted for them.

Shortly after this the furnace crowns were
observed to leak. Whether this had com-
menced before the removal of the pipe stays

just referred to, or not, is difficult to ascer-

tain ; at all events, the owner attributed the

difficulty with the furnace crowns to the re-

moval of these pipes and the introduction

of gussets in their place. This clearly,

however, had nothing to do with it, though
it was not very apparent what was the real

cause. After repeated minor repairs, how-
ever, were found useless, the furnace tubes

were taken out altogether, the front half of

them entirely renewed and strengthened at

two of the ring seams of rivets with T iron

hoops, while the front end plate of the boiler

was also renewed.

The manner in which the repairs were ex-

ecuted appeared on examination to be satis-

factory, nevertheless the boiler only worked
on a few weeks before leakage again com-
menced. A consulting engineer was then
called in, who gave it as his opinion that the

fault was in the workmanship, and that the

overlaps had not been well drawn up. The
defective seams were therefore again re-

paired, the old rivets cut out, the holes rim-

ered, and fresh rivets put in.

Just at the time that the boiler was re-

started, a number of practical working
boiler-makers had a meeting, and discussed

the cause of the continued and mysterious

leakage that had occurred to this boiler.

One of them strongly objected to the encir-

cling hoops, and to these he attributed all

the injury, stating that he had a similar

boiler under his charge, which was never out

of trouble, but always leaking and needing
repair ; while he considered such a boiler was
as good as an annuity to the boiler-mender,

and that the man who was charged to keep
the one under consideration in order, would
never be in want of a job. At length the

meeting unanimously resolved that encir-

cling hoops prevented any expansion of the

furnaces, and that it was against all the

known laws of nature for boilers constructed

in this way to keep tight; and further, that

within three weeks leakage would set in

again, and the works wonld have to be
stopped for further repairs. This decision

was communicated to the owner of the

boiler, and surely enough, within the ap-

pointed time the boiler commenced to leak

once more. At this the owner was quite

disheartened, and regretted that he had not

had the boiler entirely renewed rather than

repaired.

In a long conversation with the owner at

this juncture, it transpired incidentally that

when his men first got into the boiler after

letting off the water, they found some loose

fine dusty deposit within it, when it at once

occurred to me that this case might be sim-

ilar to the others previously recorded in this

report. This had not been suspected before,

since the furnace crowns were not bulged

out of shape, but merely strained at the

seams of rivets; while in answer to inqui-

ries it had been stated that the deposit alto-

gether was of a very inconsiderable and
trivial character. I therefore explained to

the owner my suspicion that all the trouble

he had experienced was due to the feed-

water, and recommended him at all events

to give the boiler a trial with the Manches-
ter town's water, instead of that drawn from
the well, a recommendation, it may be ad-

ded, that had already been made, as a

matter of precaution, but had not been

thought worthy of adoption. Though he

had no faith in the remedy proposed, it was

so simple that he consented to try it. The
boiler was at once washed out, and the next

morning started to work with the town's wa-

ter. From that day the trouble was over.

The boiler worked on satisfactorily for sev-

eral weeks, and after being slightly caulked

so as to remove the effects of the old leak-

age, it was perfectly sound ; and though the

T iron hoops, which were decided at the

meeting of the boiler makers to be "opposed
to all the known laws of nature," had not

been removed, the boiler has worked on to
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this day without giving further trouble, and

promises to do so for the next seven years.

The following is an analysis of the sedi-

ment, from which it will be seen that car-

bonate of lime is the predominating ingre-

dient, though it does not form so large a

percentage as it did in the previous cases,

which it is interesting to notice in connec-

tion with the fact that in this boiler the fur-

nace plates were not bulged, but merely

strained at the seams of rivets

:

Carbonate of lime 38.960

Copper trace.

Carbonate of lead 1 .790

Sesquioxide of iron 5.005

Alumina 4.456

Sulphate of lime 4.490

Carbonate of magnesia 1 .216

Magnesia 11 .847

Phosphoric acid trace.

Chlorine trace.

Sand and silicic acid 17.977

Fat 7.375)
1Q

-
42

Other organic matter.. . 3.367 5

Moisture 2.219

98.702

The deficiency is partly due to the given

percentage of carbonate of lead being too

small, and to the traces of alkalies, copper,

phosphoric acid and chlorine.

When the boiler continued to work on

satisfactorily week after week and month
after month, simply by exchanging the well

water for the town's water, the owner could

not entertain any further doubt on the sub-

ject ; and on recollecting the changes made
in his works from time to time, and remem-
bering how the well had been deepened to

increase its supply, he was also able to trace

a clear connection between the use of the

well water and the leakage of the boiler.

This shortly received a striking corrobora-

tion. In the course of the long drought

that occurred in the summer of 1868, the

supply of the Manchester Waterworks, as

all in this locality will remember, began to

run short, especially for engine purposes, so

that for one afternoon the owner was obliged

to fall back on the well water, when, though

he tried the experiment for a few hours only,

the boiler at once commenced to leak as be-

fore, so that he gave up the well water once

more, and resolved never to return to it again.

This case, though not so severe as some
of the others mentioned, is perhaps the most
interesting, from the great perplexity which

arose with regard to it, and the conclusive

manner in which it was cleared up.

No. 7. The seventh case was met with

near Carlisle, in July, 1868. The boilers

in this instance, which were of the ordinary

Lancashire type, and strengthened at the

ring seams of rivets in the furnaces with T
iron hoops, drove a condensing engine, and
were fed from the hot well. The length of

these boilers was about SO ft., their diame-
ter in the shells 7 ft., and in the furnace

tubes 2 ft. 8 in., while the load on the safety-

valve was about 50 lbs. per square inch.

These boilers gave way, as in the previous

cases, at the furnace crowns, in consequence
of which the owners reflected on the makers,
and the makers, knowing they had delivered

sound work, could only account for the failure

by supposing that the boilers had been neglect-

ed, and the water supply allowed to run short.

On making an examination, I found that

the deposit within the boilers was of a fine

floury nature, like that already described in

the previous instances, though the quantity

was not so great, neither were the furnaces

so severely distressed. The following is an
analysis

:

Carbonate of lime 69.39

Iron (peroxide) 2.17

Alumina 2.03

Sulphate of lime 2.39

Carbonate of magnesia 3.38

Silica and sand 10.73

'Organic matter 7.56

Moisture 2.35

100.00

From the above analysis, it will be seen

that the feed-water was very similar to that

met with in the other cases previously re-

ferred to, though it will be seen that the

percentage of carbonate of lime is scarcely

so high, which possibly explains the fact

stated above, that the furnace crowns were
less distressed than usual.

No. 8. The eighth case that may be re-

ferred to, was met with in August, 1868,

and occurred to a couple of boilers laid down
near the river Mersey, in the neighborhood

of Widnes. These boilers were of the or-

dinary Lancashire type, and were but just

new, yet they had failed repeatedly at the

ring seams of rivets of the furnace crowns,

when the old rivets had been cut out, the

holes rimered, and new rivets inserted, but

without success.

Under these circumstances, the makers of

the boilers called upon me, when, in answer

to inquiries, it appeared that the feed-water

was heated by the exhaust steam from the

'Containing 2.95 of fatty matter.
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donkey engine, and that the deposit was of

a light floury character. I at once recom-

mended that the exhaust should be diverted

from the feed-water, and on this being done,

the difficulty with the furnace crowns was
overcome. In about a month afterwards,

the boilers were reported as working satis-

factorily, although they had never stood for

more than forty-eight hours before.

The following is an analysis of the sedi-

ment, which, as in the previous cases, shows

a predominating proportion of carbonate of

lime

:

Carbonate of lime and magnesia.

.

83.33

Sulphate of lime 1.17

Alumina and iron 4.25

Silica 7.40

Oily matter .25

Organic matter 3.60

100.00

It may be added that further cases have

been met with in the neighborhood of Wid-
nes, and that in December last two other

boilers came under my attention, the fur-

naces of which were bulged out of shape

from the same cause as that referred to above.

It is worthy of note that three different

cases of injury to furnace crowns from this

fine floury deposit have been met with in the

neighborhood of the Mersey, and within a

few miles of Liverpool.

I have gone into this subject at some
length, because it is one not generally un-

derstood. It will be seen that the cases of

injury referred to were not confined to any
peculiar locality, but were met with in the

neighborhood of London, Lancaster, Car-

lisle, Birkenhead, Sunderland, Ruabon, Wid-
nes and Manchester, so that they were
widely scattered over the country. It can
scarcely be doubted that for the want of un-

derstanding this subject, many cases of mis-

apprehension between boiler owners and
boiler makers must have occurred, and the

blame of leakage at the seams of rivets in

the furnaces, attributed to defective work-
manship, or overheating, through neglect of

the attendants, instead of to the feed-water.

It is trusted that the general diffusion of

information on this subject will prove of

practical value to boiler makers and boiler

users, and that the number of examples given

will be considered sufficient to establish the

fact that both in externally and in internally-

fired boilers, the plates over the fire may be

overheated and bulged out of shape even
when covered with water.

MODERN ARTILLERY AND TACTICS.

From the " Army and Navy Gazette."

There can be few studies so interesting to

a military man who loves his profession as

the various modifications of tactics that have,

from time to time, been forced, as it were,
upon the different armies of the civilized

world. From the days when the crossbow
had to give place to arquebuse, when the

latter was superseded by the heavy muskets
of the seventeenth century, when, after pro-

gressive modifications, the flint-locked Brown
Bess became the weapon of the day, when
the old smooth-bore percussion reigned su-

preme for a time, and was put aside for the

rifle which, only two or three years ago, was
in its turn superseded by the breech-loader

—

through all the different phases of small

arms, as well as large ordnance improve-

ments—the art of war has always, and will

for ever, be progressive. The valiant offi-

cers, the plucky, all-enduring armies of the

Peninsula and of our Indian campaigns in

the commencement of this century never

dreamt of any improvement upon the cum-
bersome flint musket, that missed fire at

least once in every dozen shots, and if, when
it hit the mark aimed at, was supposed to

have almost worked a miracle. The arms
we use have changed, and tactics have
changed with them. The ordnance of to-

day is as unlike what we fought the Sikh
campaign, or went through the Indian

mutiny, or made our way into Sebastopol

with, as the smooth-bored flint musket was
to the breech loaders now in use. And it

must stand to reason that the art of attack

and defense of one great body of soldiers

against another must be modified in propor-

tion to the arms of the day. At Waterloo
it would have been quite possible for cavalry

to get over two thousand yards of ground in

a charge, and not be subject to danger from

more than one volley of the infantry square

they attacked. In our time the same troops

would be decimated three or four times ere

getting home to their work. And so it has

been, only in a much greater degree, with

artillery. " It seemed," wrote Villani,

when speaking of the employment of cannon

at the battle of Creey, " as if Grod thundered,

and that with His thunder there was a great

massacre of people and a frightening of

horses." And yet, for more than a century

after the time that this historian wrote about,

the artillery could hardly be called movable.

Even under Francis I. of France, the ord-
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nance of the period—mere pop-guns of our

own days—followed armies with such diffi-

culty, and so slowly, that the infantry main-

tained the tactics of the past age, and formed
in heavy masses in front of the enemy's
guns. Little by little, as the ordnance in

use got better and more precise, it became
necessary to protect infantry behind walls,

or, when in the open field, to deploy battal-

ions so that the artillery fire could not do

much damage, even when it penetrated the

ranks. Gustavus Adolphus, Conde, Turenne,
the Marshal Saxe, the Prince d'Anhalt-
Dessau, Frederick the Great, and even our

own Malborough, gradually changed the

formation of infantry. The real use of this

arm only became fully known when the

Great Frederick had changed altogether its

mode of working. At the battle of Molwitz
this great soldier-king learnt what could be
done by foot soldiers who fired rapidly and
well—that is, well for the days in which he
lived. From that time infantry became,
throughout Europe, by far the most import-

ant arm of the service. It was henceforth

seldom massed together in columns. Its

lines were extended, and rapidity was intro-

duced into all its movements. With a small

army and a very numerous enemy, Frederick
was obliged to strike out for himself a new
mode of tactics. He avoided as much as

possible meeting numbers by numbers, or

trying to conquer by material strength, and
tried to introduce an improved style of firing,

and rapidity of movements, by which an en-

gagement could, when needful, be avoided
quite as quickly as it could be brought on.

Under him, also, the artillery began to as-

sume the importance it has ever since main-
tained in modern warfare. The guns were
made more movable, and men began to see

with wonder something like a system of drill

and tactics used when working ordnance to

the front, the flank, or the rear. And so on
down to the time when, the then, Gen. Bona-
parte began to be talked of as a leader who
seldom led the way to anything except vic-

tory. As the French Republic changed into

the Empire, and as the hand of its great chief

was against every one, and every one's hand
against him, the tactics of the day changed,
and became nearer to what they were in our

own service within the memory of living

men. The bayonet gradually became an
arm much used by all infantry. Perhaps
no soldiers took to it as kindly as did our

own troops ; but, still, it effected great

changes in the mode of fighting in all armies.

In France this weapon became more popular
when the campaigns in Algiers worked such
an immense change in the army of that

country. For close upon forty years France
has had work cut out for her troops in the
school of war which she founded in North-
ern Africa. An entirely new type of the
French soldier has arisen to be the model
man of her service. Individual fighting,

looser formations, a manner of achieving an
end, no matter how, so that it was achieved,

became the rule more than the exception in

the army, of which the Zouave is the picked
soldier. In our own service, notwithstand-
ing several attempts to introduce the modern
French system of almost separate working
on the part of each fighting man, we have,

with certain modifications, maintained our
more compact formations, and our reliance

of each soldier upon the whole company or

troop to which he belongs, more than upon
his own individual exertions. We have
made changes certainly, but they have
neither been rash nor very considerable.

That our system, so far, suits our men much
better than greater changes would do, there

can be as little doubt, as that we have held

our own whenever and wherever we have
taken the field. Whether we shall have to

make further changes, or whether our in-

fantry movements are rapid enough for the

arms with which our enemies, as well as our-

selves, will in future carry, is a question

which admits of discussion. But there can

be little doubt but that by degrees a very
considerable modification in some of our tac-

tics must take place. When an average

military marksman can hit an enemy at 800
yards seven times out of ten, it becomes
that enemy to be more active, either when
advancing or retiring, than when a similar

feat could only be achieved once in perhaps

a dozen shots.

The great difficulty connected with the

modifications of modern tactics seems to be

that we are yet only in a state of transition

as regards firearms. In all that regards

both breech-loaders and field-guns, we have

advanced far, but shall probably—we might
say certainly—advance much further. Even,
however, if progress has reached its limits

in the perfection of arms of precision, it be-

comes a matter of wonder how far future

cavalry can ever be used against unbroken

infantry, when armed with the breech-loaders

now in use, and taught to fire as the ordi-

nary average of regiments are. There is a

point beyond which courage is mere rashness,
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and pluck on the part of the commander
becomes a wanton waste of life. Would not

such be the judgment passed upon any cav-

alry leader who would launch his regiment
or brigade against an infantry square armed
even as our own and other European armies
are at the present day? Against infantry

broken or in retreat, against the same arm
when thrown into confusion by some blunder
on the part of their commander, against the

cavalry of the enemy, or against artillery

when not unlimbered, dragoons must ever
prove of the utmost service, and no army in

the field could do without them. So it is

when feeling for an enemy, when pushing to

the front, and anxious to bring on an engage-
ment, the cavalry arm must ever be present

to do that which it alone can effect properly.

But unless some change, of which as yet we
know nothing, takes place in the firearms of

the world, we shall, probably, never again
hear of cavalry being used to charge infantry

squares as in old time.

Again, it is an open question how, with
the present improvements in artillery, either

infantry or cavalry can ever be used in the

open field to silence a battery of guns. At
the present day the artilleryman, although

he cannot load as quickly, fires with almost

as great precision as the infantry soldier.

In the advance of an infantry brigade against

a battery, unless circumstances were excep-
tional and much in favor of the former arm,
there would be no formation left by the time
they reached their destination. This, as a

matter of course, can be rectified very much
by rapidity of movement on the part of the

infantry soldier, and in this change, as we
imagine, will be found one of the chief

alterations of modern tactics. Much greater

quickness in advancing ; the "double" taking

the place of our present quick time ; and a

certain reckless dash, which will tend greatly

to abolish steady formations, will probably
supersede many of the movements now in

use. But the chief change will most likely

be a rule by which no arm of the service

will ever, or very seldom, be employed
alone. Brigades will probably not be com-
posed of cavalry nor of infantry alone, but
each one, and perhaps, indeed, each regi-

ment, have a certain force of cavalry and
infantry attached to it. In the state of

transition which we find ourselves to be, and
in which every army in Europe must find

themselves to be, these speculations on future

tactics must be more or less vague. But it

can hardly be said that they are improbable,

far less impossible. As we advance in the
excellence of firearms and of ordnance, it

seems likely that each branch of the service
will depend more and more on one another,
and that the smallest commands will become
what divisions of the army have been hither-

to—a mixture of cavalry, artillery and in-

fantry, and that every officer who aspires to
command even a regiment must be able to

know how to command and when to use other
arms of the service as well as that to which
he himself belongs. At any rate, as far as

it is possible to see, this appears the only
possible solution of what is the military
mystery of the future. But for the changes
to become visible, or for any definite rules

upon the subject to be practicable, we must
wait for the experiences of the next Euro-
pean war.

THE ESTIMATES OF CONSULTING ENGI-

NEERS.
From " The Engineer."

Possibly in one case out of fifty, probably
not in one instance out of five hundred, does

the actual cost of a heavy job coincide with
the estimate previously prepared by the en-

gineer. This proposition is so well under-
stood, that it is accepted as an axiom, that

the total cost of a bridge, or an embank-
ment, or a mill, or a factory, must be in ex-

cess of the estimate ; and as a kind of pre-

cautionary measure intended to defend the

engineer from the charge of incompetency
which may be brought against him, and the

capitalist from the consequences of not prop-

erly counting the cost before he begins to

build, a something, known as "a margin for

contingencies," is always added to every
estimate, and forms, indeed, an integral part

of it. This margin, however, seldom or

never suffices ; for, as a rule, the outlay al-

ways exceeds not only the calculated cost,

but the calculated cost and the margin as

well. If the excess be moderate, no very

serious consequences may ensue ; but it

must not be forgotten that the excess has

not unfrequently been so large as to entail

the total ruin of the capitalist or capitalists ;

or at least to reduce the profits which he or

they expected to realize to a nominal return.

An estimate right within 20 per cent of the

actual cost is, however, regarded as a very

good estimate, and one reflecting much credit

on the engineer and all concerned. Yet this

20 per cent is to our minds sufficiently un-

satisfactory, and bears small testimony to
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the value of existing systems—or want of

systems—of estimating the cost of work.
It ought to be, and no doubt is, possible to

ascertain beforehand with much accuracy,

how much money will be speot in carrying

out any undertaking to a successful termi-

nation. This is proved by the fact that es-

timates, perhaps accidentally, do now and
then agree very closely with the actual ex-

penditure ; and it is worth while, we think,

to inquire why such an agreement is excep-
tional instead of being the rule.

The reasons why estimates and expendi-
ture so seldom coincide, are two in number.
In the first place, the engineer does not ac-

curately know how much work has to be
done ; in the second place, he does not know
how much the doing will cost. As regards
the first, it is possible that the engineer may
not be at all to blame. The preparation of

a complete design for a complicated struc-

ture, such, for example, as a cotton mill, is

all but impossible. When the drawings
come to be made, a host of small things are

certain to be left out, simply because they
cannot be put in to any reasonable scale on
paper ; they are to be supplied afterwards.

It is known in a kind of way that they will

ultimately be needed, but no one thinks of

wasting time in ascertaining what they will

really cost, and of what they will consist.

Almost from the first moment they are put
out of sight, and to nothing more than to

such trifles as these will the proverb " out

of sight out of mind " apply. The so-

called trifles, however, make themselves dis-

agreeably prominent before the work is com-
pleted. They must be supplied and paid

for, and they not unfrequently constitute an
ominous feature in the bill. We shall not

pretend to define in what trifles of this kind
consist. Every engineer who has prepared

an estimate for work differing from anything

he has estimated for and carried out before,

will be likely to class trifles, using the word
in our sense, under a different head. No
engineer will deny their existence, their

costliness, or the influence which they exert

on estimates, and this much admitted, our

proposition is granted.

Under certain circumstances, however, we
find the engineer very much to blame, be-

cause he totally overlooks the necessity which
exists for the construction of essentials, or

relegates important features to the region of

real trifles. The result of such negligence,

or errors of judgment, may be disastrous.

We recollect one case in which a factory was

put up, and boiler and engines put down at

a cost of about £10,000. It was known
that no water from river or stream was avail-

able. A shallow well was therefore sunk,

and from this water sufficient for mortar,

&c, was obtained during the progress of the

works. The insignificant cost of this well

was included in the estimate. By the time
the factory was completed, however, it was
discovered that not nearly enough could be
had from it for the purposes of manufacture.

A very large further outlay—nearly £1,000
—was incurred in sinking the well deeper,

without leading to any satisfactory result

;

and, finally, rather than abandon the factory,

altogether, £2,000 more were spent in lay-

ing a main and opening a cutting from a

river at a considerable distance. Here the

original estimate was increased nearly 50
per cent by a single mistake. Such cases

are, of course, very exceptional ; but it is

not at all exceptional to find estimates based
on the first cost of machines delivered at

the works, not one farthing being added for

erecting them; the value of the bricks re-

quired based on their price in the field, the

trifling question of carriage being totally

forgotten, and such like. Such mistakes as

these will cause actual outlay to exceed es-

timated cost with great certainty, and it is

the easiest thing in the world to be guilty

of them. None, indeed, but those who have
had to prepare estimates for large under-

takings, can tell how much trouble, and what
unceasing watchfulness is required at every

step to avoid error.

Even if we suppose the engineer to have
ascertained with the utmost accuracy every-

thing that can possibly be required, from
the steam engine to the time-taker's clock,

it does not follow that his estimate must be

right : the second class of error to which
we have alluded to may come into play. It

is one thing to know what you want to buy,

quite another to know what it will cost. An
engineer may determine with strict accuracy

how many yards of earth must be taken out

to prepare an engine foundation, but his es-

timate of the cost of taking it out may be

altogether wrong, for it is not the quantity

of earth to be removed, but the whole cost

of removal, that affects the precision of the

estimate. In the first place, he may not

have taken the trouble to ascertain the cost

of labor, or the nature of the soil; in the

second, water may come in on him, and de-

feat all his calculations. In estimating for

machinery, the engineer is peculiarly apt to
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fall into error. He sets down the cost of

engines and gearing at so much, and on going

into the market finds that no manufacturing

engineer will touch them at the price. The
reason is simply that the manufacturers,

knowing that estimates generally err on the

wrong side, put on a " margin for contingen-

cies," on which the would-be purchaser has

not calculated at all. He puts down £2,000,

we will say, for engines and boilers. He has,

perhaps, worked out the cost of these very

carefully on paper. The maker does the same
thing, and comes, perhaps, to nearly the

same result, to which he immediately adds

-50 per cent, not only for profit, but as mar-
gin, and to cover the chance of loss. Both
parties are right in their own way, but our

engineer's estimate is all wrong. Nor is

this the only difficulty which those who pre-

pare estimates have to contend against. It

is sometimes almost impossible to say what
work ought to cost, prices vary so much in

different districts, and among different

makers. We may state a case in point

which recently came under our own notice:

An engineer putting up large works, required

some heavy castings. Before preparing his

estimates, he wrote to some of the leading

firms in the country asking the prices at

which they would execute the work. Be-
fore a week was over he found that he could

have his castings at any price, from £12 to

Mb 7s. 6d. per ton, and, in any case, suffi-

ciently good for his purpose. Some of our

readers may say that this gentleman adopted

the proper plan, and that estimates based

on actual tenders in this way, could not be

far wrong. This supposition, however, is

true only within certain limits. We may
cite a case in point which came under our

own notice a few years ago. An engineer

had occasion to order some very heavy gear-

ing. He got two or three tenders for the

castings, and he accepted the lowest tender.

A moderate quantity of wrought iron work,

in the shape of plummer block bolts and
nuts, wheel boss hoops, &c, was also re-

quired. This he did not think it worth

while to ask a price for, regarding it as a

trifle. The work was delivered, and so was
the bill ; on examining it the engineer dis-

covered that so much had been charged for

the wrought iron, that instead of obtaining

the gearing as a whole, at the cheapest, he
had paid at the dearest rate. The other

tendering parties would have charged a little

more for the castings and a great deal less

for the wrought iron, that was all.

We have said enough, we think, to show
that consulting engineers are called upon to

discharge a difficult duty in the preparation

of estimates ; a duty, we may add, often so

badly paid for that he is sorely tempted to

slur over his work and add a good margin
for contingencies to cover his short comings.
It is not to negligence, however, that we
are inclined to ascribe the thoroughly unsat-

isfactory state in which the practice of esti-

mating now is, but rather to incapacity.

There is no good treatise on the subject, al-

though there are plenty of " price books "

containing forms of tender and specifications.

The art of estimating forms no part of the

present course of engineering instruction,

either in the office or the college. When a

young man can take out quantities and pre-

pare an estimate at the rate of so many rods

of brick work so much, one steam engine

fitted complete so much, &c, &c, he is con-

sidered to have his education finished in this

direction, as far as the office or the college

is concerned, while in point of fact he is no
more competent then to form an accurate

estimate than if he had never been taught
engineering at all. Those instructors of

youth who doubt this statement, will do well

to test its accuracy thus. Let them procure

the bills furnished to and paid by any large

manufacturer or ironmaster for the erection

of any given premises or machinery. Then
let them lay down the prescribed conditions

to three or four of the most advanced pupils

they have got, ask them to send in estimates

elaborated from their own brains, aided by
such treatises as they can find on the subject,

and compare these estimates with the actual

bills paid. They will see that our statement,

that no pupils are taught anything practically

about estimating, is confirmed with startling

force. Is it not just possible that the test

we have indicated might be made a valuable

feature in the courses of engineering col-

leges, and the method of instruction adopted

by private teachers ? We think so ; and we
further think that there would not be the

slightest difficulty in introducing it. A little

less mathematics, and a little more instruc-

tion as to what things really cost, would be

a change for the better in the young engi-

neer of the period.

BAD Axles.—Certain railroad companies

are putting in passenger axles which they

know to be made at o?ie piling, from old rails

only. Such trifling with life is frightful.



VAN NOSTRAND'S ENGINEERING MAGAZINE. 975

Steam Gauges.—Very few years have

elapsed since Mr. Daniel Kinnear Clark

called steam gauges on locomotives luxuries,

not necessities. At this moment we believe

there is not a locomotive in Great Britain

working a railway carrying passengers which

is not fitted with a steam gauge. The truth

is that when Mr. Clark wrote, the world,

with the exception of a select few, knew
only of the cumbrous mercurial gauge, or

the yet more imperfect manometer. The
Bourdon gauge had only been talked about

by users of steam power in general, and it

was quite natural that Mr. Clark, in com-

mon with the great body of his professional

brethren, should regard all known gauges

likely to suit a locomotive as mechanical

quiddities—things of the border land which

lies between true mechanical science and
quasi mechanical humbug, and reject them
accordingly. The manufacture of gauges

has, however, become a great trade, and
now not only every locomotive engine, but

almost every boiler and every portable en-

gine in the kingdom is fitted with one. The
steam gauge has asserted itself, so to speak,

and by its obtrusiveness it has forced itself

into that position where criticism begins.

Where this last may end, only the makers
of steam gauges can say.

A steam pressure gauge can only be used

for three purposes. The first is to tell

accurately the pressure in a steam boiler at

any moment when the water is hotter than

212 deg. ; the second is to tell variations

in the steam pressure from time to time

;

and the third is to bring in money to the

makers. We regret to say that the last

point is more studied than the others :

indeed, so much studied that the value of

the modern mercantile steam gauge as an
index of the pressure within a boiler at any
moment is very small indeed. There is

nothing like facts to prove assertions ; and
as we plainly repeat that the modern steam
gauge of commerce is a very worthless

instrument, it is right that we should adduce
facts in proof of our statement ; and as these

facts tend to show what maker deals best

with his customers, and who serves them
worst, our statements should prove all the

more valuable. It is well kuown, or should be
well known, that under ordinary conditions

the Royal Agricultural Society will not per-

mit a greater pressure of steam to be used
within the limits of their show-yards than 50
lbs. per square inch. Every exhibitor intend-

ing to get up steam must, therefore, submit

the gauge with which his engine is fitted to the
Society's engineers, Messrs. Easton & Amos,
who test the gauges and return them with a
certificate that the boiler may be worked at

a pressure of so many pounds by its own
gauge, which is equivalent to 50 lbs. per
square inch. We have taken the trouble to

examine nearly every certificate granted by
Mr. Amos this year at Manchester, and to

compare each certificate with the gauge.
The following table shows the result

:

2

236
237
980

6086
6092
6094
6121
6122
6125
6127
6129
6161
6297
6412
6513
6414
6415
6417
6418
6317
6337
6514
6616
6643

62
2122
609

6307
5670
7510
819
823
5668
6316
607
635

6557
6534
6501
6187
2132
6160
6136
6138
6135
6085
6494
6326
5301
6458
6488
7497

MAKER OF GAUGE.

Schaeffer & Budenberg
do
do
do
do ,

do
do

,

do
do
do
do
do

,

do
do

Schaeffer Bourdon
do

,

do
do
do
do
do

,

Schaeffer & Budenberg
do
do
do

Salter Bourdon
do

Dubois Bourdon
do
do
do
do
do
do

Baines & Tait ,

do
do

Smith, Nottingham
do
do

Bourdon
E . Bourdon
Dewit

do
do
do
do
do

Bailey Bourdon
Storey Bourdon
Hayward, Tyler & Co

do
No name " Improved Patent " 50
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Here we have 52 gauges by recognized

makers, and out of the whole number only

9, or less than 18 per cent, are correct.

This is a fact which, we fancy, will startle

our readers, and we trust open the eyes both

of guage makers and guagc buyers to what
they are selling and making.

It may, of course, be urged that the gauge
used by Mr. Amos in testing those of the

exhibitors is not accurate. But even if this

were true—and it is not—there would still

remain an immense discrepancy between the

tested gauges themselves. No want of

accurac}7 in the standard gauges can affect

this part of the question. If we suppose,

for example, the standard gauge to be 5 lbs.

too high, denoting 50 lbs. when there was
only 45 lbs., then we should have Smith
right ; but, on the other hand, where will

Schaeffer be ? One of his gauges, under

such conditions, would be 11 lbs. wrong,

and none of the others will be less than 3

lbs. wrong. When it is borne in mind that

steam gauges, properly used and properly

fitted, play a very important part in the

prevention of explosions, all this want of

accuracy comes out in a very bad light.

Nor do the figures we have given show the

worst. Gauges were brought up to Mr.
Amos to be tested which were 30 lbs. wrong,

and which he, very properly, would not

allow to be used at all. Let us hope that

such imperfections are the result of ignor-

ance or carelessness rather than of a deter-

mination to ignore every other condition

save economy. Twelve months will elapse

before the gauges used by the agricultural

engineers of Great Britain are again pub-

licly tested. Is it too much to expect that

we shall have a different record to place

next year before our readers ?

—

E?igi?ieer.

IMPROVED SHAPE OF SCREW-TAPS.
By Prof. 0. Beylich.

Condensed and translated from Polyt. Centralblatt.

The " Propagation Industrielle " contains

an interesting article on a method of making
screw-taps of a new and improved shape, as

practiced in the large machine-shop at Graf-

fenstaden. The screw-taps are there turn-

ed and cut in a turning-lathe provided with

a peculiar mechanism, the effect of which is,

that the pieces produced by turning and by
the cutting of the thread are not circular in

section, but of a shape more favorable to a

successful working of the tap when finished.

It is generally acknowledged that the screw-

taps as made heretofore, conform but imper-

fectly to what must be expected from a good
cutting-tool. The action of an ordinary tap
does not produce regular chips ; it does not
leave room enough for them, nor allow the

oil easy access to the working-edges. Thus
they produce an unnecessary amount of fric-

tion, and become rapidly blunt and worn.
Some improvements have been made in this

respect. But the cylindrical or conical

shape of the nucleus of the tap has been re-

tained. No tap, however, having a nucleus
of a circular section, can ever work as advan-
tageously as any other good cutting tool

;

for it does not suffice that the edge be sharp.

The tool, besides, ought not to touch the

surface of the screw to be cut, but just with
its edge ; and the cutting edge ought to be
free at the back, and must therefore have a

tooth-like shape. To make the action of the

tap as perfect as possible, not only the edge
formed by the intersection of the upper and
lower surfaces of the triangular thread must
be eccentric, but also both surfaces of the

thread must recede eccentrically from their

respective cutting edges. This is effected

by the method of cutting taps as adopted at

Graffenstaden.

The annexed engrav-

ing, may give an idea

how this is done. The
fine dotted outline is

circular, and indicates

the section of a piece

of steel turned off in

the ordinary way. The
above-mentioned pe-

culiar mechanism, however attached to

the turning-lathe at Graffenstaden, does

not turn the piece circular, but in a

shape indicated by the full drawn outline of

the annexed figure, so that the piece obtains

a wavy surface. The cutting of the thread

is afterwards done in the same manner and
with the same mechanism. Thus a screw of

a wavy section is produced with alternat-

ing swells (s), and recesses (r), each of

which extends over the whole length of the

piece. The number of swells corresponds

to the number of teeth intended to be giren

to the tap. Our engraving shows four of

them. To finish the tap it is only necessary

to cut out one half of each swell by a

planing or a milling machine, to a depth

corresponding to the required length of the

teeth. Thus taps are obtained of a section

about as indicated by the hatched surface in

the engraving. The planes of the cutting-

faces pass through the axis of the tap. S.
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PATENTS AND PATENT LAWS.
Br W. Bridges Adams.

From " The Socioty of Arts Journal."

The word "monopoly " is one of exceed-

ing ill odor with the great mass of the com-
munity, and to affix such a name to patents

is considered a very clever move on the part

of their opponents. It catches the public

ear, and the public is very apt to take things

for granted, that appear to conform to its

interests. What is a monopoly ? A privi-

lege conferred upon special individuals, for

their own advantage, to the disadvantage of

the community. At first sight, numerous
private rights appear to be monopolies

—

land, mines, forests, rivers, the raw material

of the world, which are the property of the

whole human race, as tenants in common;
and for individuals to possess and own them
as private property, is simply a concession

granted, because they will produce a gener-

ally greater fruit by the process of individ-

ual enclosure, than by a general scramble.

The conversion of the raw material into

useful forms, by the operation of the human
brain and human hands, creates another

kind of property, giving the raw material far

greater vclue by mental and physical labor,

labor which would not be given unless the

owners could reap some of the fruits of it

by an enclosure of the results of their own
brains or hands as their own property.

Origination of new and useful ideas and
forms, producing something better and more
useful than has been produced before, is the

most valuable kind of labor, and, therefore,

the world, in proportion as it becomes civi-

lized, gives exclusive property, for a longer

or shorter time, to the producers of the ideas,-

and goes still further in giving hereditary

rights to long-continued industry.

Language is common property, but the

author of a book, putting language into new
forms, in combination with ideas, is endowed
with what is called " copyright " for a term

of years, a monopoly, in short, for the rea-

son that, without that monopoly, the books

would not be produced, or only a very few

books would be produced by a few wealthy

and powerful persons ; and the very title of

the book is also a monopoly. Another per-

son produces a picture which has a high

value, and the right to reproduce that pic-

ture by engravings or photographs, or other

means, is reserved to him. Another pro-

duces new combinations of musical sound,

and the multiplication of copies of this mu-
sic is as much his own property as the origi-

Vol. I.—No. il—64.

nal. Another produces a piece of sculpture,
with the same results. Another produces a
new design for furniture, or patterns for

dress, or other manufacture, and that is as
much his own, with the exclusive right to
sell it entire or in copies, as though it were
the^ corn and cattle of the farmer, or the
fruit of the orchard owner, or the vegetables
of the market gardener.

This monopoly goes still further. The
style and title of a firm is private property

;

and, as if to guard against the contingency
of the same Christian and surname in com-
bination being used for competition by a
namesake, trade-marks were invented to in-

sure the monopoly, and every possible means
are resorted to to prevent a trader's individ-
uality from being trenched on by his neigh-
bors. Yet more : a proprietor of a news-
paper, with no individuality, and who pur-
chases all his wares ready made from other
persons, has the exclusive right to a particu-
lar word or combination of words out of a
dictionary, which, if he be the first to as-

sume, no one can appropriate till he chooses
to abandon his right.

Throughout all these things it is the right
of property which the law jealously guards,
mental or other. But for this law, a large
mass of mankind would disguise themselves
in their neigbors' likeness, to reap the profits

accruing from their neighbors' reputation.

_
What are called patents, are mental ori-

ginations, multiplied in matter, and the
law professes to confer on the originator the
sole right to use and sell them to the public
for the course of fourteen years. Some of
these originations are very popular, and an
enormous trade grows up, from which large
profits accrue, and it is very commonly an
article not of real importance to the welfare
of the community that makes the largest
profits ; but whatever it maybe, trade rivalry
is excited, and any means are resorted to for
evading the patent, without payment to the
inventor. Everything previously known in
the trade is at the disposal of the rivals

;

but the Naboth's vineyard they covet is the
new thing which the public prefer, either for
its superiority or its cheapness, and which
has been the production of the inventor's
brain. So they set to work to defame him,
to deny his originality, to call him a monop-
olist, to decry his invention, to try and invade
it by inferior methods, and, finally, to take
advautage of inefficient laws, to plunge him
into costly trials that may ruin him, and put
the invention out of use, if they cannot ap-
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propriate it to themselves without paying

anything for the cost of its production.

A few years back, an attempt was made to

decry and abolish patents at the meeting of

the British Association, and now once more
an attempt is making to obtain a huge mo-
nopoly, under pretext of abolishing another

—not a monopoly as of old in the case of

the corn-laws, for the benefit of landlords or

landowners, but for the supposed benefit of

trade-lords and capitalists generally. Large
manufacturers, material converters, and sim-

ilar people, desire to get the use of brains

without paying for them, or to keep things

as they are. It is not a case of patentees

against the community, as their opponents

endeavor to make out, but a case for the

community itself, as interested in progress,

against wealthy traders who would keep

down all progress, if by so doing they could

keep up their own profits. It is the case of

the community, in behalf of the active brains

that work for them with mental capital, and
without material capital, against the dull

and inert brains, with material capital in

masses, which at present, stimulated into

competition by the restless brains around
them, lead an uneasy life, and would fain

become the slaveholders of the active brains,

and prescribe limits to their labors under
their own control, and for their own ima-

ginary benefit. It is an attempt to create

an hereditary trade aristocracy, by taking

away the fulcrum through which clear brains

rise into the possession of material capital,

and their owners elbow the inert rich from

their seats. And, not uncommonly, it is

those who have grown rich upon patents who
are the most strenuous opponents of other

men's patents.

The common ground of opposition is that

patents impede progress. If they did, that

would be sufficient reason for their abolition.

But assertion is not demonstration. It is

asserted that the patent is a monopoly which

no one but the owner can use. Quite true
;

but so is land a monopoly which no one but

the owner can use, the difference being that

the patent is a monopoly for fourteen years,

and the land forever. The patent is a four-

teen years' monopoly of individual brain-

work, the land monopoly is that of the ma-
terial works of the Creator. If the land

were the property of the State, the rentals

would belong to the general community as a

tax fund, and the community gives it to in-

dividuals on the supposition that they will

manage it better for the general benefit of

the community than the State could, the
rental being the payment for their trouble.

The patent is a limited property, the land
is an unlimited property, both conferred by
the community, and capable of resumption,

if demonstrated to be mischievous to the

community.
The brain-worker can only, in the case of

patents, operate by the agency of matter,

the property of the landlord, who exacts a
large share of the brain-work in return for

the use of the matter. But the brain-work-

ing patentee has no monopoly. He is ex-

posed to the competition of all others using

the landlord's matter, or the materials of

the Creator, save in the patentee's particular

mode. And no sooner has he achieved a

success, than other inventors are immedi-
ately at work to eclipse him, to the benefit

and advantage of the public ; and it is noto-

rious that, even in the case of a successful

invention not superseded by another im-

provement, commonly half the fourteen

years' term expires before an invention is

brought even into limited use.

The large manufacturer has his choice of

patents by competition amongst brains, say-

ing nothing of the stored-up records of

lapsed patents at the Patent Office, which
he rarely has recourse to, save to compete
with, and defeat, something new, which a

rival manufacturer has produced under a

patent, and turned to profit. It is well

known that few manufacturers will embark
in new things without the protection of a

patent, for the reason that money must be

expended experimentally, and that rivals lie

in ambush to reap the profits in competition,

without outlay, and consequently can under-

sell the originator, and for this reason the

records of lapsed patents in the Patent Of-

fice are not resorted to, but remain dead

letters.

It has been sought to make a distinction

between copy-right and patent-right. There

is none ; they are alike, in their integrity,

original emanations of the human mind, and

we may be quite sure that the abolition of

patents would soon be followed by the abo-

lition of copyright in books or works of art.

Copyright in designs is copyright in a repre-

sentation. Patent-right is copyright in form,

and utility, and methods of production

;

whether brain imagination be multiplied in

printed books, or in music, or in engraving,

or artistry, or design, or theatrical exhibi-

tions or shows, or stamped on matter under

what are called patents, it is the same pro
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cess of expressing mind in matter as an ori-

gination ; and as the originators are compar-

atively few in number, it is desirable to culti-

vate them, and give them enclosures of men-
tal domains wherein to have free scope for

the exercise of their various arts, for pre-

cisely the same reasons that the enclosures

and private ownership of land—a common
property—is granted to the producers of

food, and for other purposes.

It is simply the system of bad laws to

which all the evils of patents are traceable.

There was a time when, amongst the manu-
facturers of printed fabrics, all new designs

were kept secret as far as possible till the

moment of issue, and all were busy bribing,

or trying to bribe, their neighbors' design-

ers. The Act for Copyright in Designs,

abolished this system of piracy, and with it

the secrecy. Were patents abolished, one

of the results would be a return to secrecy

in all small things, a closing of manufacto-

ries against inspection, and a general dearth

of information to mechanical periodicals,

while improvements, involving a large out-

lay of capital, would cease to be made, un-

less perchance in government establishments.

If the spraad of knowledge be a national

advantage, the inducement to secrecy by
the abolition of the patent

—

open—would
be a serious evil.

Amongst the reasons alleged for the abo-

lition of patents, one is, that the patentees

gain no advantage—being ruined by opposi-

tion and lawsuits, in case of the invention

being successful.

This is the greatest farce of all, as if land

property would be safer than brain property,

were it protected by as bad and inefficient

laws as patents are subjected to, and as if

there were any difficulty in making as effi-

cient laws for patents as for books and de-

signs, were only influential men interested

in bringing them to pass, and lawyers not

interested against them.

Another allegation is, that the great mass
of modern patents are useless. If they are

useless they need not be coveted. If im-

pedimental, they certainly must supply some-

thing useful. But it is again alleged that

they are frivolous. But is not trade itself

widely frivolous ? Yet what merchant is

there who despises anything frivolous, pro-

vided only large profit be mixed up with it ?

What is more frivolous than the majority of

theatrical farces, yet what is there more-,

carefully guarded against piracy ? But, say

the objectors, patents are granted for things

not new, and merely serve as an excuse for

lawsuits. That simply means that the law

and practice have not yet been fitly estab-

lished. Some say that patents are becoming
so numerous that they cannot keep count of

them, and so unwittingly infringe them.

This is not logical. The patentee might as

well object, " The great manufacturers make
so many new things without giving me no-

tice, that I cannot keep count as to my orig-

inality." This complaint on the part of

manufacturers only proves that they manage
their business badly. It is surely part of

the business of a great manufacturer to

know of everything produced in his special

art, and, therefore, he should keep a book

of patents, as regularly as his price list,

with a managing clerk to it. He can, at

small cost, have all the specifications in his

trade supplied to him as fast as they come
out, and he can index them, and mark out

all the real novelties and utilities, and put

them to use by agreement with the owner.

It is said that every British subject is bound
to know all the laws, or take the conse-

quence of breaking them, and certainly a

British manufacturer is bound to know all

the patents in his trade as part of his busi-

ness.

All existing knowledge and manufacturing

experience up to the present time, is the

joint property of the whole nation, less cer-

tain things protected by patents expiring in

fourteen years. But these patents are the
" Naboth's vineyard," coveted by the lords

of trade.

But they may fairly say that amongst the

numerous patents there are many fictitious

ones, involving lawsuits, and thus|deterring

them from the use of what is really common
stock. That is to say, the patent laws are

bad laws, so bad, that were all laws equally

bad, the nation would be in a condition of

anarchy. To abolish the patents, instead of

to reform the law, would be a procedent

upon which we might abolish all laws.

Let us begin at the beginning. Patents

are virtually granted for something new and
useful, thereby to teach the public, and the

reward for such teaching is a fourteen years'

exclusive right. What, then, is " novelty?"

There is nothing new under the sun, abso-

lutely. The patent is really granted for

something new to the existing generation, as

an inducement for a skilled man to bring it

into use. The title should, therefore, be
put on a similar footing to that of land. A
piece of unowned land, unclaimed for thirty
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years, becomes the pro-pert}7 of whoever may
occupy it, and forever. Therefore, supposing

patents to be in the interest of progress, ab-

sence of public use for thirty years should
constitute a claim to anything useful as a

novelty for fourteen years, or such time as

might be deemed equitable.

Everybody of legal age should be compe-
tent to apply for and obtain a patent, but as

any preliminary examination and refusal

might involve an accusation of nepotism or

a contingency of error, not afterwards to be
amended, it is desirable that protection

should be granted, if desired by the appli-

cant, after pointing out to him the defects

;

and that the specification, after completion,

should be put on open, not secret trial, by
a competent judge, in the presence of the

patentee, and the original fees should cover
this cost. It is not desirable that a model
should be put in at first, as involving the

employment of workmen and the risk of dis-

covery before protection is granted ; and
models being expensive, it is not fair to

encumber the patentee with costs.

The affirmation of the patent by the court,

should preclude all further litigation as to

title and right, the court itself taking the

initiative, or acting at the instance of a com-
plainant.

Pecuniary damages should be dealt with

by a magistrate, as in the case of copyrights,

or by the ordinary courts of law.

Fictitious patents abolished by the court,

would cease to be a nuisance in the hands
of sharking pretenders. There are very

few patents requiring deep thought to ap-

prehend them when produced, or any length

of time, when legal quibbling is abolished.

An inventor should not be bound to license

other persons, for the reason that they might
be rivals, only taking a license in order to

damage his invention in public reputation.

If an unreasonable man, he would damage
himself by limiting the use. If a manufac-
turer, he might be interested in selling at

the lowest price without royalty profit, and
thus as a small capitalist he might compete
with great capitalists, by securing the trade

in a better article.

If the invention were a small item in a

large machine, and the inventor required an
unreasonable royalty, that would simply be
a stimulus to other inventors to make other

improvements, and this would be clearly in

the interest of the public.

In cases where the subject of a patent has

been in private use previous to the specifica-

tion, unknown to the patentee, it would be-

come a question for the court to decide as

to whether the public had been kept out of

the knowledge furnished by the patentee,

and if so, the patent should be confirmed,

subject to the use of the first user, but with-

out giving to him the right to license earned

by the patentee by his publication.

No excuse of ignorance of a patent should

be admitted as a plea or mitigation of in-

fringement, because, with the full means of

obtaining the records of the Patent Office,

the ignorance must arise either from willful-

ness or negligence.

Patents are the Magna Charta of the ma-
terial progress of a nation, by the agency of

the rich brains of men, poor in practical

capital, who can mould matter to man's uses

after new and useful fashions, just as copy-

right is the Magna Charta of the nation's

progress by the agency of men of rich brains,

who can mould language to men's uses after

new and useful fashions. When laws shall be

made to take away this charter, and throw

brains into common stock, one of the sources

of England's eminence, her true equality,

will have departed from us, and the trade

lords will find that their vitality has departed

with it. They will compete with each other

with increasing competition and lowering

profits, till their trade becomes as wild land,

which no one cares to cultivate. They will

then find that the fourteen years mental en-

closure, which induces men of thought to

bring forth new things, is also one of the

processes essential to profit, and that by
abolishing it they " kill the goose which lays

the golden eggs."

Trade-marks are the legitimate arms and

quarterings of a trade aristocracy, guaran-

tees of honesty in execution, and which be-

come valueless as a manufacture becomes
debased. They are monopolies in one sense,

as they enable the owners to keep to them-

selves a large trade, so long as they keep up
their character, and the law now jealously

deals with their infringers. The patent is

also a trade-mark, exclusive for fourteen

years, enabling the owner to establish a re-

putation for originality and improvement,

and to keep his reputation when thrown into

competition with rivals. And with patents

confined to the owners of manufactories, that

would simply be establishing a caste of ver-

itable monopolists.

The question has been dealt with thus far

simply in the interest of the public, regard-

ing the inventor merely as a part of the
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public. But the true inventors are more
than this—they are a select body of students,

who foresee those things that the manufac-
turing men of routine pass by blindfolded,

and thus stir them up to action ; and the

public is deeply interested in caring for these

men, and guarding their interests as their

own. From the trade point of view, the

mere manufacturer only looks to the profit

per-ceutage attainable by the raw material

into wrought, and would work up the whole
raw material of the land, and afterwards

throw it into the sea, if realizing the per-

centage thereby. It is this class of men
that deteriorates our national manufactures
in money competition, that makes rails as

brittle as cast-iron, and delights in shoddy

;

that has no perception of, or care for pro-

gress, but only for money.
It is not thus that the greatness of Eng-

land has grown ; nor is it of the highest

importance that inventors should reap enor-

mous fortunes, albeit trifling in proportion

to the gain to the general community ; but
it is desirable that they should be in the un-

anxious position requisite for the most ad-

vantageous pursuit of their studies and ex-

periments, as a result of their own labors.

The nation in which all classes of its peo-

ple can rise in succession, according to their

faculties and cultivation, from the lowest

position to the highest, must ever be more
powerful than a nation of castes, and a na-

tion without laws efficiently protecting men-
tal as well as physical property, must degen-

erate into a land of castes—or robbers.

There is yet another allegation on the part

of opponents of patents. Having to pay a

royalty in England, other nations paying no
royalty can undersell them. It is scarcely

so, for other nations are as desirous of hav-

ing patents as English people are. Of the

two republics, America and Switzerland, the

former abounds with patents, the latter has

none. The reason is, that in the former case

they are a function of the Federal govern-

ment, in the latter of every separate canton,

rendering patents a practical impossibility.

But citizens of Switzerland expatriate them-

selves, and get patents here and elsewhere,

and it is probable that the patent branch of

legislation will be transferred to the Federal

government, and Switzerland will cease to

be an exception to other civilized States.

With a climate and condition like that of

England, where workmen live longer and do
more days' work in every year than in most
other countries, it is impossible that she

should be undersold in her indigenious man-
ufactures, so long as her materials shall en-

dure. Capital embarked in the growth and
training of a workman, is profitable in pro-

portion to the length of his working life,

and the faithful and honest work produced.
The assumption that every patentee only

forestalls a number of other persons, who
would have discovered or planned the same
thing, may or may not be true, but this does

not concern the public. What the public

want is individuals who will work, and teach

in the best mode he can, something new and
useful ; and daily experience tells us that

such individuals cannot be obtained save on
the condition of thereby obtaining a specific

sphere of action involving their own benefit

as well as that of the public. Let any one
try if, by simply publishing a new and use-

ful thing, he can get it taken up unless he
can offer an exclusive right with it. Neither

is there any probability in the assumption
that all the principles of action have been
discovered, and that the details are in every
one's hands. The tree of universal knowl-
edge is yet far from having been plucked,

and it is to be desired that the men of sci-

ence, as well as the men of practice, should

be not only recognized but rewarded, as the

benefactors of the community—not rewarded,

as M. Chevalier proposed, by the State, but

by the community. We do not want politi-

cal inventors, with a Government reward as

a compensation for something other than an
invention, and with their own friends to

apportion it. We want for them the only

true appreciator, the public.

There is no difficulty in remedying all the

evils complained of in the present practice

of patents. Forms of specifications can be

prepared, embodying everything that is re-

quired to be stated, leaving no loopholes,

and preventing verbiage, giving an exclusive

privilege to make something useful, and
leaving it open to competition to make
something still better. The life of the in-

ventor patentee is no lazy life. He has the

public for a master, and a very exacting mas-

ter too, content with nothing but the best

or the cheapest, and ever ready to abandon
its idol of to-day for its idol of to-morrow,

succeeding each other in constant following.

What do the long list of patens in the same
arts mean, save that the human brain works
only from step to step, eclipsing yesterday

by to-day, and thus preparing the way for

the morrow, a vantage-ground being gradu-

ally attained, till the process culminates in
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an apparent perfection, at last found to be

no perfection, when a fresh start is made to

a new elevation. By the sweat of the brain

within his brow, the inventor diminishes

human labor and the sweat of many brows,

for his own profit is out of the service he

renders to mankind, who will not pay for

anything they do not appreciate as useful or

pleasant. No State reward is needed as a

stimulus to this kind of labor. The inventor

only asks to be let alone to reap the crops

he has himself sown, secure against depre-

dation.

It was Prince Albert by whom the

amended Patent Law, then being worked
out by the Society of Arts, was finally urged,

and it was Lord Granville who brought in

the Bill and passed it through Parliament, in

the course of a very few days, because it was
believed that only thus could a number of

latent inventors amongst mechanical men be

brought to light for the benefit of the Great

Exhibition. It was this Bill which, by re-

ducing first cost, multiplied the number of

patents, and put poor men on a level with

capitalists. And it would appear that non-

inventive capitalists would rather be without

these patentees, and would prefer to buy up
their inventions for their own purposes, and
so limit the public choice in the market.

Patents give a large market for constant

improvements, which would not exist without

them. All the large manufacturing towns

and cities of England may be said to be

built upon patents, and were patents abol-

ished, the result would be similar to that of

the abolition of the Edict of Nantes ; the

imaginative brains would depart from Eng-
land, and settle down in the countries wise

enough to understand their true interests.

Viewed from the monopoly point, the wisest

course the manufacturers could take would

be, not to abolish patents, but to enhance

their cost. If patents cost £5,000 each,

with efficient laws to maintain them, every

poor man would be shut out, and patents

would become the practical monopoly that

the manufacturers insist on calling them.

But the motive would thus be too gross.

The subject cannot be too widely dis-

cussed, nor the facts elicited too clearly, for

we cannot as a nation afford to risk our

prosperity in order that a small number may
grow richer at the general cost. We want
a general diffusion of wealth, and not a

greater aggregation in masses. Large man-
ufactures tend to the growth of quantity

rather than quality. Small manufactures

I tend to the growth of quality, and that dif-
' fusion of wealth so largely trenched on of
late by the gigantic establisments which

j

permit only two classes, the very rich and
j
the very poor. The higher classes, living

on incomes, the result of land or hoarded
wealth, are deeply interested in the ques-

tion, for it is a question of property right

;

and in the diffusion of property, rather than
in its concentration, lies its safety. The
convenience or profits of manufacturers i3

but a small consideration, as well as the

convenience or profits of inventors. The
national prosperity is the real question at

issue. Shrewd Frenchmen tell us that we
began patents some fifty years before them,
and, therefore, they have never been able

to overtake us. Were we now to abolish

patents for fifty years, our human energy

!
would be expended in producing original

workers for all other nations, and excluding
our own.

THE BRITISH COAL SUPPLY.
From the opening address of Sir Wm. G. Armstrong,

before the Institution of Mechanical Engineers at
Newcastle.

The subject of coal follows, naturally, a

notice of the steam engine, and has a special

interest for us, in a locality celebrated, since

its earliest days of coal mining, for the pro-

duction of that invaluable mineral. Eng-
land, with her innumerable steam engines

and manufactories, is more dependent upon
coal for the maintenance of her prosperity

than any other nation, and the question of

the duration of her coal-fields now very
properly occupies the attention of a Royal
Commission. The investigations of the

Commission are not yet completed ; but so

far as they have gone, the results are re-

assuring. I concur in the probable accu-

racy of the announcement lately made by
two of my fellow commissioners, that the

total quantity of coal in this island will

prove to be practically inexhaustible ; but

until the complicated details of quantities

collected by the Commission have been put
together, and expressed in totals, it is diffi-

cult to judge with certainty or accuracy on

the subject.

Although the duration of our coal may,
geologically speaking, be practically un-

limited, we have still to consider the import-

ant question, how long will England be sup-

plied with coal as good and as cheap as at

present ? We have unquestionably made
greater inroads into our best and most ac-

cessible coal beds than other nations have
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done into theirs ; and if foreign coals should

grow better and cheaper, and ours dearer

and worse, the balance may turn against us

as a manufacturing country long before our

eoal is exhausted in quantity. It is clear

that our stock of good coal is very large

;

but most of it lies at great depths, and one

of the most important questions the Royal
Commission has to investigate is the depth

at which coal can be worked with commer-
cial advantage.

The chief obstacle to reaching extreme
depth is the increase in temperature which

is met as we descend. I am justified, by
ascertained facts, in saying that this rate of

increase will, as a rule, prove to be not less

than one degree Fahrenheit for every 20
yards in depth, and there is reason to ex-

pect that it will be even more rapid at

greater depths than have yet been attained.

The constant temperature of the earth in

this climate at a depth of 50 ft. is 50°, and
the rate of increase as we descend is to be

calculated from this starting point. Adopt-
ing these figures, }

7ou will find that the tem-

perature of the earth will be equal to blood

neat at a depth of about 980 yai-ds, and, at

a further depth of 500 yards, mineral sub-

stances will be too hot for the naked skin to

touch with impunity. It is extremely dif-

ficult to form an opinion as to the maximum
temperature in which human labor is prac-

ticable, in the damp atmosphere of a mine,

and it is almost equally difficult to deter-

mine how much the temperature of the air,

in the distant parts of an extremely deep

mine, can be reduced below that of the strata

with which it is brought in contact. It is

certain, however, that the limit of practica-

ble depth will chiefly depend upon the me-
chanical means which can be provided for

relieving the miners of the severest part of

their labor ; for maintaining a supply of

sufficiently cool air at the working faces of

the coal, and for superseding the use of

horses, which suffer even more than men
from highly heated air. For the relief of

labor we must look to coal-cutting machines;

for improvement of ventilation to exhaust-

ing fans ; and for the superseding of horses

to hauling engines driven by transmitted

power.

The employment of coal-cutting machines,

worked by compressed air, conveyed into

the mine by pipes, is already an accomplish-

ed fact, and when the difficulties and the

objections which usually adhere, for a con-

siderable time, to new mechanical arrange-

ments are removed from these machines,

they will probably attain extensive applica-

tion. One of the earliest attempts at coal-

cutting by machinery, was described by the

late Mr. Nicholas Wood, at the former
Newcastle meeting of this Institution, and
all the really practical results as yet obtain-

ed date from that period. The cooling in-

fluence of the expanding air as it escapes

from these machines will be a collateral ad-

vantage of considerable importance in the

hot atmosphere of a deep mine. The air

discharged from the pneumatic coal-cutting

machines now in use in the Hetton Colliery,

escapes into the mine at a temperature of

seven degrees below freezing, and the cold

air from each machine appears to be suffi-

cient in quantity to lower the temperature

of the circulating atmosphere by one de-

gree. If, as seems to be probable, six or

seven of these machines can be employed at

each working face, we may by this means
lessen the heat by a corresponding number
of degrees, and thus afford very considera-

ble relief. The employment of compressed
air, as a motive power, in substitution of

horse traction, is also quite feasible, and
may be expected to become quite general in

very deep workings. As regards ventila-

tion, the fan machines of the several con-

structions tried have already exhibited great

superiority over the old method of ventila-

ting by an upcast furnace shaft ; and al-

though the efficiency of the furnace system

of ventilation is increased by depth, there

is reason to believe that the fan will maintain

its superiority to greater depths than are

likely to be reached in mining.

The Bissell Tender Truck.—One of

these trucks, put on the " fast freight
"

engine Elepha?it, of the Boston and Albany
railroad, in January, 1868, has been run

some 45,000 miles without any expense for

repairs. The forward wheels, over which is

the center bearing spring peculiar to Mr.
Bissell's improvement, are good for many
thousand miles more of service, while the

wheels of the rear truck, though carrying

less weight per wheel, had to be renewed
some three months since. This fact, coupled

with its steadiness on the track ; unexampled
ease in passing through curves ; saving of ex-

pense in first cost, and general simplicity of

arrangement, makes this device a favorite

with all master mechanics who have used or

seen it. Locomotive drivers all unite in de-

siring it to be applied to their engines.
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HYDRAULIC BUFFERS.
From a paper read by Col. H. Clerk, R. A., F. R.

S., before the British Association, and entitled
" Description of the Hydraulic Buffers and Exper-
iments on the Flow of Liquids through Small Ori-
fices at High Velocities."

In consequence of a suggestion made to

me in October, 1867, by C. W. Siemens,

Esq., C. E., F. R. S., to try the effect of

water to check the recoil of heavy guns, I

submitted to the Secretary of State for War
a compressor or buffer on the above prin-

ciple. It has been tried with guns varying

in weight from only 150 lbs. to 25 tons, and
in all cases the results have been most satis-

factory. The amount of recoil can be regu-

lated to a great nicety, and the motion is

smooth and regular.

It consists of a wrought-iron cylinder

closed at one end, the other end fitted with

a cap and stuffing-box, through which a pis-

ton-rod passes. The length of the cylinder

and piston-rod are regulated by the amount
of recoil required, on the space within which
it is necessary to bring the moving body to

rest. The piston fits well into the cylinder,

and is perforated with four small holes.

The ratio between the diameter of these

holes and that of the cylinder is determined

by the amount of work required to be per-

formed in the water with which the cylinder

is filled, enough air space being left to allow

of the displacement of water by the length

of piston rod due to the recoil. This air

space also acts as an elastic buffer, and takes

off the violence of the first impact of the pis-

ton on the water.

The cylinder is firmly attached to the

platform on which the carriage recoils, and
the end of the piston rod to the carriage

itself, so that on the discharge of the gun
the carriage drives the piston through the

water with an initial velocity (V.), while the

water has to pass through the holes with an
initial velocity (R V), R being the ratio be-

tween the area of the cylinder and that of

the holes.

This buffer has not only been used with
guns on shore up to 25 tons weight, but also

at sea, with light guns of only 1| cwt., and
8 cwt. in boats, and lately with 9 in. guns of

12 tons on board H. M. S. Prince Albert,

in all cases with equal success.

In place of water it has been recommended
to use oil, as there is less chance of corro-

sion taking place if the cylinder is kept full

for any lengthened period, and no danger of

the fluid freezing in ordinary frost. The oil

used for this purpose is Field's Rangoon oil,

which does not become thick except in verv
cold weather, where Field's non-freezing oil

may be used. A small portion of caustic

soda in the water has been found to keep
the cylinder perfectly clean and free from
rust for many months.

The satisfactory manner in which this

buffer has worked in checking the recoil of a

gun of 25 tons weight, leads me to antici-

pate that it could be most usefully applied

towards preventing or very sensibly dimin-

ishing the destructive effects of a railway

collision, for as by means of this hydraulic

buffer a force of impact varying from 12,000
foot-pounds up to 54,000 foot-pounds has

been easily overcome in distances from 16 to

60 in., and inclinations ranging from -j- 10°

to — 4°, I see no reason why this principle

should not be extended to overcome a force

of, say, 1,500,000 foot-pounds in 60 in.

In checking the recoil of a gun, the velo-

city to be dealt with seldom exceeds 10 or

12 ft. per second, but in case of a railway

collision it is very different, for we have

then to deal with very high velocities.

It is therefore necessary to ascertain how
the hydraulic buffer will act under these cir-

cumstances. For this purpose I have been
carrying on a series of experiments on velo-

cities up to 44 ft. per second, or 30 miles an

hour, and now forward a short account of

these for the information of the members of

the British Association.

Two sets of experiments have been made,

one with a cylinder 4 in. in diameter, the

other with a cylinder 8 in. in diameter. With
both the former the velocities tried were 10,

15, 20, and 25 ft. ; the second with weights

of 2,324, 1,162, and 581 lbs., and with ratios

between the diameter of the cylinder and the

holes in the piston of 15, 21, and 27.

With the latter the velocities were 10, 15,

20, 25, 30, 35, 40, and 44 ft. per'second;

the weights were 1,165, 2,324, and 4,648 lbs.;

the ratios 15, 12, 9, 7, and 6. The veloci-

ties were obtained by drawing a truck (loaded

to the proper weight) up an inclined plane

of 47° to the proper height, and suddenly

releasing it (a small deduction has to be-

made for friction). The truck ran down the

slope, and, striking the end of the piston

rod, drove it in till the resistance of the

water overcame all the force of impact.

The cylinder with piston rod drawn out

was fixed to the bottom of the inclined plane,

about two trucks' length from the end of the

slope, and was securely bedded in a block of

wood, propped up behind to prevent its mov-
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ing. Above the cylinder was fixed a light

barrel, 6 ft. in length, made to rotate at the

rate of one revolution per second, on which

was fixed a sheet of drawing paper ; to the

end of the piston rod was fixed a pencil kept

in contact with the rotating barrel by means
of a light spiral spring, so that at each col-

lision the piston rod transferred to the paper

a curve, showing the time occupied in pass-

ing over every portion of the space through

which it was driven.

From these curves a series of Tables have

been formed showing the velocity of the pis-

ton rod for every 2 in. of the stroke. The
diameter of the rotating barrel was 12 in.,

so that one second of time was represented

by a space of 37.7 in. Another pencil was

attached to the truck in a similar way to the

one on the piston rod ; thus two motions

were determined, the one of the pistons

through the water, the other of the truck

when in contact with the piston rod.

A disc of Clarkson's material (a combina-

tion of cork and leather) was fixed to the end

of the piston rod, and another to the front

of the truck, where it came in contact with

the piston rod in order to deaden the force

of the blow. Two discs of india-rubber were

fixed to the wood block in which the cylin-

der was bedded, against which the truck

struck in those cases where the force was
sufficient to drive the piston right home.

The amount that these india-rubber discs

were compressed was self-registered, and the

value of such compression in foot-pounds

having been previously ascertained, we are

enabled to estimate the remaining force with

which the truck struck the cylinder block.

The same relative quantities of water and

air were used in all the experiments.

r A . t i (water 380.6 cubic in.
In 4-m. cylinder

j air 97 g «

Total capacity of cylinder 478.4 "

Diameter of piston rod 1.5 "

T . .. j (water 2,794 "
In 8-m. cylinder < ^ '

424 a

Total capacity of cylinder 3,218 "

Diameter of piston rod 2.375 inches.

Ratio of thickness of piston to ) ^i to 1 "
diameter of holes $" a

Different descriptions of fluids, such as

oil, glycerine, and methylated spirits, were

tried as well as water. With a perforated

piston the resistance of the water is not uni-

form, being greatest at the commencement,

or rather at that point where the air has re-

ceived its maximum compression. It was,

therefore, considered desirable to try the

effect of uniform resistance, and Mr. Butler
(Constructor R. C. D.) suggested a very
simple mode of doing this. It consisted in

fixing along the length of the cylinder four

tapering rods, which passed through the

holes in the piston ; these holes were consid-

erably enlarged, and the smallest end of the
rod being towards the front, there was a
large area for the water to pass through in

the first instance, gradually diminishing in

proportion to the decreasing velocity of the

piston, thus keeping up an uniform velocity

of flow through the holes.

In order to get the effect of an air buffer,

for the sake of comparison, a solid piston fit-

ting well in the cylinder was also tried. It

would exceed the limits of this paper to give

all the tables of velocities and plates of

curves, but I think the accompanying dia-

grams will give an idea of the nature of the

experiments.

In Table I are included the results of all

the experiments, showing the total length of

stroke and time occupied in each case with

velocities up to 43-^ ft. per second.

In Table II, I have shown a comparison

between the actual results obtained and
those calculated by the following formula,

based on the assumption that the work done

on the water to produce a certain velocity is

equal to that which has been expended in

raising the water to the height from which
it would have fallen to acquire the same
velocity

:

We2

AwW lot
A to R 2 Va

2 gW w e'
f-1

L=length of stroke.

W=weight of truck.

A=area of piston.

R=rratio of area of piston to orifice.

V=velocity at impact.

w= 82.5 (weight of a cubic foot of water.)

U7=coefScient of friction of piston-rod, &c.

e^coefncient of discharge.

The above formula applies when the action

is on water alone, and the cylinder quite

full ; a correction therefore is necessary on

account of the air space.

It appears, from experiment, that the air

is compressed into about three-fourths of its

original bulk before any material resistance

is offered to the piston.

Some trials were also made with the 4-in.

cylinder quite full of water and a solid pis-

ton, the water being driven out of the cyl-

inder through a 1-in. hole at the end.
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The ratio in this case was 16 to 1. The
difference between the length of stroke in

this case and with the usual air space of 97.8

cubic inches, equal to 7.7 in. in length of

cylinder, was found to be about 6 in., allow-

ing for the slight difference in the ratios 15

and 16. In the case of the 8-in. cylinder

the air space amounts to 424 cubic inches.

This divided by the area gives 8.5 in. in the

length of the cylinder, three-fourths of which

is 6.4 in. A correction, therefore, of 6.4 in.

has to be added to the calculated length in

the experiments with the 8-in. cylinder, and

of 6 in. in the case of the 4-in. cylinder.

The coefficient of friction, w, of the truck

and piston was found by experiment to be

.05 in the 8-in. cylinder, and .046 in the

4-in. cylinder.

The value of the coefficient of discharge,

e, has been assumed as .58 throughout, but

it appears that this value is not constant for

all velocities and all weights. I am, there-

fore, going to make some further experiments

specially to determine this point, and also to

ascertain the amount of irregularity caused

by the compression of the cork discs.

With these exceptions, the formula ap-

pears to give results quite near enough for

all practical purposes.

The Construction or Heavt Artil-
lery.—The name of Mr. Lynall Thomas

has for long past been associated with the

development of the true principles of the

science of artillery. Some ten years since,

he started his theory of the nature of the

action of gunpowder, which he calls the per-

cussive theory. He has now, in a pamphlet
of seventeen pages, developed this theory in

a most skillful manner, and has laid down
the true basis upon which heavy artillery

should be constructed. In order to prepare

our minds for the reception of his ideas, Mr.
Thomas begins by sketching the theory as

laid down by Robins and Hutton, and which

was even by them considered faulty. Of
course it must be borne in mind that those

two students in this field of science labored

principally with a view of ascertaining the

effects of a discharge as far as the velocity

of the shot and its curved path, etc., were
concerned, and the errors of their theory

were not brought forth in those startling col-

ors which more recent experiments have im-

parted to them. They had no such great

and costly guns to deal with as we have now
;

and the bursting of one of their 82-pound-
ers was not so serious a matter to them as

similar accidents, which are continually de-

priving us of the substantial results of im-

mense labor and expense, are to us. It soon

became evident, on the introduction of heavy
rifled ordnance, that not only was something
wanting to render the rules laid down in the

old theory applicable, but that there was
some radical and serious error. Large guns
which had been constructed at a fabulous

cost and were regarded as most perfect spe-

cimens of mechanical ingenuity, exhibited

such symptoms of premature decline, on be-

ing tested by charges less than they were
intended to carry, as to baffle the skill of the

most experienced engineers. Some of these

destructive engines bulged, and so became
unfit for service ; others, although preserv-

ing their external form, were found, after

being used for a short time, to have con-

tracted in some mysterious manner a steadily

corroding disease, whilst others, again, in a

still more alarming fashion, burst into frag-

ments and disappeared with the charge that

rent them.

The profession was utterly unable to ac-

count for these untoward mishaps. The el-

der members of the profession, no doubt,

congratulated themselves on having; been

educated in a school in which the construc-

tion of such massive pieces was never con-

templated, whilst the younger members es-

caped from the dilemma by asserting that

gunpowder was not subject to the control of

the laws that regulate the operation of phy-

sical or chemical forces. In fact, these ir-

regularities were regarded as nothing more
nor less than freaks of nature. It is from

this painful state of uncertainty that Mr.
Thomas promises to relieve us, and we have

every reason to hope, from the suggestions

offered in his pamphlet, that his promise will

be performed. The word " percussive " con-

veys to us as much information as names and
definitions generally do. In the first place,

it is laid down that the whole charge is not

inflamed at one and the same instant. This

important fact will not be disputed, as it has

been already recognized by nearly every wri-

ter on the subject. Mr. Thomas then pro-

ceeds to assert that that portion of the

charge which has been converted into gas

impinges with a terrific velocity upon the

shot, and begins to expel it before the whole
charge is completely consumed, or its force

fully developed. This fact, no doubt, in-

duced Mr. Thomas to adopt the phrase " per-

cussive theory," for, as he subsequently says,

" the whole time that elapses between the
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ignition of the charge and the expulsion of

the shot from the pieces is scarcely sensible."

So far the action of the portion of the charge

initially inflamed is of an impulsive or per-

cussive nature, generating, as it does, velo-

city in the shot in an indefinitely short period

of time. After this we arrive at the gist of

the whole theory. " Whilst the shot is tra-

versing the initial space the rest of the

charge is undergoing complete conversion

into gas, and when such conversion has taken

place the gas rushes forth in the direction of

the axis of the bore." This volume of gas

by means of its kinetic energy condenses a

portion of itself in that space that has been
just vacated by the shot.

Mr. Thomas then proceeds to narrate how
he was induced by these considerations to

make a series of experiments for the purpose

of ascertaining the relation between the ini-

tial velocity of the shot, its own weight, and
that of the powder employed. Four laws

are stated as the results of his observations.

By the aid of these laws he deduces expres-

sions for the initial velocity, the tensional

strain, and the corroding effect of the pres-

sure. It is then shown how the weights of

the powder and shot may be varied accord-

ing to circumstances without altering the

strain on the gun.

It must be confessed that there is some-

thing very plausible in this theory ; the

principles which it embodies are being daily

recognized by those who have had experience

in gunnery. We hope that our authorities

will soon take the important subject into

consideration. We shall ourselves hail with

delight the establishment of a theory which
promises to ensure the safety and perfection

of those mighty instruments for the preser-

vation of peace, and to relieve us from the

fear of having such gigantic offsprings of la-

bor and ingenuity cut off by any more errat-

ic freaks on the part of nature.

—

Mechanics'
1

Magazine.

Marine Engine Economy.—To that

large branch of the mechanical engi-

neering profession whose members are de-

signers or constructors of marine engines,

nothing, at the late Newcastle meeting,

could have afforded more interest than the

fine ships building at Leslie's (of Hebburn)
for Lamport & Holt, and the remarkable

engines, constructing by Robert Stephenson

& Co., intended to push them 30,000 miles

out and home between Liverpool and China.

The ships—four in number, and intended for

the tea trade—are each 315 ft. long, with

proportionate beam and depth. The en-

gines, designed by Mr. Alfred Holt, are

unique. For each ship there is a compound
engine, working upon a single crank—a 29
in. high pressure, and 66 in. low pressure

cylinder, with 4 ft. stroke of pistons. The
high pressure steam is taken from boilers

worked at 75 lbs. per sq. in.—boilers 9 ft.

in diameter, and made of West Cumberland
hematite plates, § in. thick, and double

riveted on all seams. It need hardly be
mentioned that these boilers are fed from
their own condensed steam, the surface con-

densers being fitted with wood ferrules.

There are two boilers in each ship, each

boiler having two circular furnaces at each

end, making eight furnaces in all for each

vessel. Each furnace is 3 ft. 6 in. in dia-

meter, and of proportionate length, the out-

let from each furnace being through a short

18 in. flue communicating with a combustion

chamber at the mid length of the boiler.

From this combustion chamber 90 tubes,

each 4 in. in diameter, and 8 ft. 2 in. long,

return to each front or furnace end, making
180 tubes in each boiler, or 360 in all for

the pair. The waste products of combus-

tion are again led back, over the boiler,

through a super-heater, to a chimney com-

mon to both double boilers, with their eight

furnaces. The cylinders themselves, a top

high pressure and a bottom low pressure,

are enclosed in a wrought-iron steam-jacket

6 ft. or more in diameter. The details of

these engines are cleverly designed, and the

workmanship is all that a connoisseur would

expect from the great house of Robert

Stephenson & Co., who, by the way, ought,

by this time, to be commissioned by the

Admiralty.

It is asserted, upon the best authority,

that ships of the class under notice, with

Holt's engines, make their eleven knots an

hour, month in and month out, and at a rate

of consumption hardly rising to 2 lbs. of

coal per indicated horse-power per hour.

—

Engineering.

Production of Steel Rails.— The
rail mill of Messrs. John A. Grriswold

& Co., Troy, is now turning out 60 to 70

tons of steel rails per day. A part of the

rails are rolled from hammered blooms, and

a part from ingots bloomed and then re-

heated before being rolled into rails, Sev-

eral rail ends from each charge of steel are

tested by blows from a 5-ton hammer,
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HYDRAULIC SWING BRIDGES.

THE ARMSTRONG SWING BRIDGE OVER THE
OUSE.

By Sir William E. Armstrong.

A paper read before the Institution of Mechanical
Engineers at Newcastle.

The formation of the Hull and Doncaster

section of the North-Eastern Railway neces-

sitated the crossing of the river Ouse by an

opening bridge, so as to admit the passage

of the important traffic carried on in large

sailing vessels. It was also necessary that

that there should be not more than one pier

in the navigable channel, with a clear open-

ing of not less than 100 ft. on each side.

The requisites of the railway and river traffic

necessitated a construction that admitted of

being opened and closed very rapidly. It

was also necessary that the power applied

should be capable of controlling with great

accuracy the momentum of so ponderous a

mass, and hydraulic power, being so emi-

nently qualified for this purpose, was there-

fore selected as the agent. The instances

in which hydraulic power had been previ-

ously applied to the opening and closing of

movable bridges are very numerous, amount-
ing to upwards of fifty examples. Most
of these bridges have been erected for the

passage of railway traffic, both on main lines

and branches, and they may be divided into

three classes. 1st. Swing bridges on which

the bridge is lifted from its solid bearings

by a central press previously to being turned

by hydraulic pressure. 2d. Swing bridges

on which the bridge rests upon a circle of

two rollers, and is turned by water pressure

without being lifted. 3d. Draw bridges on

which the movable platform is drawn back
and pushed forward in the line of the road-

way by means of hydraulic machinery. In

addition to the hydraulic bridges comprised

in these three classes, there is one example
of abridge on the bascule plan being worked
by hydraulic power. This is at Liverpool,

over one of the dock entrances. The first

hydraulic swing bridge was erected in 1852
over the river Severn, on the Gloucester and
Dean Forest Railway, and the first hydrau-

lic drawbridge was erected in 1853, over the

river Tovey, on the South Wales Railway,

near Carmathen. All the swing bridges

which turn on a center pier, and span an

opening on each side, have been made to

turn on live rollers without being lifted

;

because, in bridges of that construction,

neither extremity can have any steadying

support in the act of turning, but in some
instances a central press has been applied to

relieve the rollers of part of the weight.

Where single-leaf swing bridges are lifted

by a central press, the deflection is taken

off by letting down the bridge upon its solid

bearing when closed ; but in the case of

drawbridges and swing bridges not lifted by
a central press, hydraulic machinery is ap-

plied to lift the overhanging end or ends so

as to take off the deflection after closing.

The openings crossed by these various forms

of bridges have varied from 30 to 100 ft.

span. The heaviest bridge to which the

central lifting arrangement has been applied

is one over the Regent's Canal, near the

London Docks, in which instance the weight

lifted and turned amounts to 450 tons. In

bridges with the central press, the head
of the lifting ram fits into an inverted cup

upon the bridge to allow of oscillating move-
ment, and the bridge in swinging turns up-

on the water by carrying the ram round
with it. The pressure of water employed in

the central hydraulic press is about 800 lbs.

per square inch, and in the largest of these

bridges the diameter of the ram turning up-

on the water is 51 in. In most cases the

bridges are in connection with a system of

hydraulic pressure applied to cranes and
other machines in the vicinity, the pressure

being supplied in the usual manner by steam

engines pumping into accumulators. But in

some few instances, where there is not such

a supply of power at hand, the pressure is

supplied by hand pumps charging the accu-

mulator, and thus storing up the power
ready for application whenever required.

At the Ouse Bridge there was no supply

of hydraulic power at hand, and in that in-

stance the total power required was too

large to be supplied by hand labor. It was
further necessary, on account of the position

of the swing bridge, either to convey the

power to the center pier by a pipe under

the bed of the river, or to produce it upon

the pier by placing a steam engine within the

pier itself, and the latter plan was adopted.

The total length of the bridge, fixed

and movable, is 830 ft. The fixed portions

consist of five spans of 116 ft., from center

to center of piers. The bridge being for a

double line of railway, each span is com-
posed of three wrought-iron girders of the

bow-string form, the center girder having a

larger section to adapt it for its greater

load. These girders have single webs, and
are 9 ft. deep in the center. The total
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width of the bridge, from outside to outside,

is 31 ft. Each of the piers for the fixed

spans consists of three cast-iron cylinders,

of 7 ft. diameter and about 90 ft. in length.

The depth from the under side of the bridge

to the bed of the channel, in the deepest

part, is about 61 ft. The headway beneath
the bridge is 14 ft. 6 in. from high water

datum and 30 ft. 6 in. from low water. The
swinging portion of the bridge consists of

three main wrought-iron girders, 250 ft.

length and 16 ft. 6 in. deep at the center,

diminishing to 4 ft. deep at the ends. The
center girder is of larger sectional area than

the side girders, and, instead of being a

single web, is a box girder 2 ft. 6 in. in

width, with web plates T
7eth to xeth in. in

thickness, and the top and bottom boom
contains about 132 sq. in. of section. The
roadway is carried upon trans perse wrought-
iron girders resting upon the bottom flanges

of the main girders. In the center of the

bridge the main girders are stayed by, three

transverse wrought-iron frames securely

fixing them together ; and over the top of

these frames a floor is laid, from which the

bridge man controls the movements of the

bridge. An annular box girder, 32 ft.

mean diameter, is situated below the center

of the bridge, and forms the cap of the cen-

ter pier ; this girder is 3 ft. 2 in. in depth,

3 ft. in width, and rests upon the top of six

cast-iron columns, each 7 ft. diameter,

which are arranged in a circle, and form the

center pier of the bridge. Each of these

columns has a total length of 90 ft., being

sunk about 29 ft. deep in the bed of the

river. A center column, 7 ft. in diameter,

is securely braced to the other columns by a

set of cast-iron stays, which support the

floor of the engine-room. This center col-

umn contains the accumulator, and forms

the center pivot for the rotation of the

bridge. The weight of the swing bridge is

670 tons. There is no central lifting-press,

and the entire weight rests upon a circle of

conical live rollers. These are 26 in num-
ber, 3 ft. diameter and 14 in. width of tread,

and are made of cast-iron, hooped with steel,

and they run between two circular roller

paths 32 ft. diameter. These roller paths

are 15 in., and are made of cast-iron, faced

with steel ; the axles of the rollers are hori-

zontal, and the two roller paths are turned

to the same bevel. The turning motion is

communicated to the bridge by means of a

circular cast-iron rack 12|- in. wide on the

face, and 6| in. pitch. It is shrouded to the

pitch line, and is bolted to the outer circum-
ference of the upper roller path. It gears

with a vertical bevel wheel, which is carried

by a steel center pin, supported on the lower
roller path. This is driven by a pinion

connected by intermediate gearing with the

hydraulic engine. There are two of these

engines, duplicates of one another, either of
which is sufficient for turning the bridge.

The force required to turn the bridge is

equal to about ten tons applied at the radius

of the roller path. Each hydraulic engine
is a three-cylinder oscillating engine, with
simple rams 4^ in. diameter and 18 in.

stroke. ' These engines work at 40 revolu-

tions per minute, with a pressure of water
of 700 lbs. per inch, and are estimated at

40-horse power each. The steam engines

for supplying the water pressure are also in

duplicate, and are double cylinder engines,

driving three throw pumps 2.8 in. diameter
and 5 in. stroke, which deliver into the ac-

cumulator. The diameter of the steam cyl-

inders is 8 in., and the stroke of the piston

is 10 in., each engine being 12-horse power,

The accumulator consists of 16-^ in. ram,
with a 17 ft. stroke, and is loaded with a

weight of 67 tons, the weight being com-
posed of cast-iron segments suspended from
a crosshead and working down in the cylin-

drical casing formed by the center cylinder.

For the purpose of obtaining a perfectly

solid roadway when the bridge is in posi-

tion for the passage of trains, and also for

securing the perfect continuity of the line of

rails, the following apparatus is applied

:

Each extremity of the bridge is lifted by a
horizontal hydraulic press acting upon levers,

forming a toggle joint, the piers having two
rams acting in opposite directions upon two
toggle joint levers, which act one upon each

side of the end of the bridge, and they are

connected by a horizontal bar, which is con-

fined by a stud sliding in a vertical guide,

so as to ensure parallel action of the two
toggle joint levers, and producing exactly

parallel lifting of the two sides of the bridge.

Three resting blocks, one under each girder,

are pushed home when the end of the bridge

is lifted by means of two separate hydraulic

cylinders, and the bridge is then let down
upon the resting blocks by the withdrawal

of the toggle joint levers, and the bridge

ends are then perfectly safe for trains to

pass over. The hydraulic cylinders for this

fixing gear at the two ends of the bridge are

worked by the bridgeman from the center

platform by means of two levers, and for the
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purpose of enabling him to regulate the

stopping of the motion of the bridge at the

right place an indicator is provided, consist-

ing of a dial upon a pedestal. This dial has

two pointers, which are actuated by the

motion of the bridge. One of these two
pointers makes two revolutions, and the

other 42 revolutions for one complete rota-

tion of the bridge. These pointers are simi-

lar to the hour and minute hands of a

watch, the slower pointer being analogous

to the hour hand, and the quicker one to

the minute hand. The bridge has no stop

to its movement, and would swing clear past

its right position if the turning power were

continued ; but the bridgeman, being guid-

ed by the indicator, knows when to stop and
reverse the hydraulic engines for the pur-

pose of stopping the bridge at its right

place. When this is done, a strong bolt, 3

in. thick, in each end of the bridge, pressed

outwards by a spiral spring, is shot into a

corresponding notch in the fixed girder work,

so as to lock the bridge ; and when the

bridge is required to be opened, these bolts

are withdrawn by a wire cord leading to the

platform on which the bridgeman is sta-

tioned. As the accumulator is stationary,

and the fixing gear at the ends of the bridge

travels with the bridge, the communication
of water power is made by a copper pipe

passing up in the axis of the bridge through

the middle of the center girder, having a

swivel joint at the lower end. Also, as the

hand gear for the bridgeman rotates with

the bridge, while the hydraulic turning en-

gines are stationary, the communication for

working the valves is made by a copper rod

passing down through the center of the

above pressure pipe in the axis of the bridge.

This rod is connected by levers direct with

regulating valves of the hydraulic engines,

and the engines are reversed in either direc-

tion by the action of a small hydraulic cyl-

inder, which is governed by the movement
of a three-port valve, actuated by this rod

from the bridgeman's platform. The cylin-

ders for working the fixing gear at the ends

of the bridge are worked by valves placed

upon the center platform in reach of the

bridgeman, the pipes between the valves

and the cylinders passing along the. side of

the roadway of the bridge. The time re-

quired for opening or closing the bridge, in-

cluding the locking of the links, is only

half a minute, the average speed of motion
at the extremities of the bridge being 6-| ft>

per second. For the purpose of ensuring

safety in the working of the railway line

over the bridge, a system of self-acting sig-

nals is arranged, that is actuated by the
fixing gear at the two ends of the bridge,
and a signal of ' all right ' is shown by a
single semaphore and lamp on the fixed
part at each end ; but this cannot be shown
until each one of the resting blocks and
bolts is secured in its proper place.

ASyphon for Draining a Tunnel.—
The tunnel through the Blue Eidge, in

Virginia, is 4,273 ft. long, and 700 ft. below
the top of the mountain ; on this account it

was thought expedient to construct without
shafts. This tunnel slopes from west to
east, at the rate of 70 ft. to the mile, so
that on the west side, the water, which
proved very abundant and troublesome, had
to be removed by artificial means. For some
distance at the entrance, I determined to in-

troduce a syphon of unusual length, which
proved a difficult and, at the same time, in-

teresting experiment.

The whole length of the syphon is 1,792
ft., viz : 563 ft. inside of the tunnel, and
1,229 ft. outside. The level of the water
inside is upwards of nine feet below the
summit, and the fall outside 29^ ft., so that
the head is a fraction over 20 ft. Iron
faucet pipes of three in. interior diameter
were adopted. It was feared that larger

ones would carry along too much air ; and
that the syphon would have to be fed too of-

ten at the summit, an apprehension which
the results observed seem to justify. A
common faucet cock is placed at each end,

to close the syphon when it becomes neces-

sary to fill it again with water ; and at the
summit a large air vessel is provided to col-

lect the air disengaged from the water, with
a suitable opening at top, to let the air out
and replace it with water ; this opening be-

ing closed by a cap tightly screwed down.
At the bottom of the air vessel, there is be-

sides a large cock, which is closed while the

syphon is being fed through the top opening,

so as not to interrupt the running of the

syphon during the operation.

The annexed diagram
represents the air-vessel a

;

b is the cap ; c the cut-off

cock; e the main pipe or

syphon ; d is a glass tube

for observing the level of

the water. This, however,

being often broken,was dis-

pensed with at last ; the lev-
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el of the water being easily ascertained by
knocking against the air-vessel.

Things being now disposed as described,

it might be supposed that the discharge

would have gone on uninterruptedly, requir-

ing only a careful attention to replenish oc-

casionally with water the air vessel; but

such was not the case ; at first the joints had

been made tight by packing with oakum and

then thickly pitched over. The syphon was
filled with water through the air-vessel,

which being then closed and the ends open,

the water began to flow ; but this did not

continue for more than five or ten minutes,

when the air-vessel was found empty of

water, and had to be replenished at these

short intervals ; moreover, notwithstanding

this tedious repetition of feeding the syphon,

it would ultimately run dry in about two
hours.

This was a truly discouraging circumstance

;

we ascribed it to the fact that, there being

upwards of 200 joints, air was introduced in

small bubbles through the oakum packing

by the external pressure at every joint, and
that it accumulated rapidly all along, espe-

cially in the longer arm of the syphon, which

soon became too light. Accordingly, we de-

cided not to abandon the enterprise, but to

caulk the joints with lead in the usual way,

which was not done before for motives of

economy, and because, it being only a tem-

porary fixture, it would have been more eas-

ily taken apart.

This operation was not yet entirely suc-

cessful, though the caulking was made so

hard that many of the bells broke in pack-

ing, without making the joints perfectly im-

permeable. Then a cement was made of

equal parts of white lead and red lead

mixed to the consistency of soft putty, with

equal quantities of Japan varnish and boiled

linseed oil. This cement, carefully coated

over the joints, made them at last perfectly

tight. The syphon, thus improved, runs

now regularly. Still the air-vessel must be
replenished with water every two hours,

which is done by a pipe leading from a

spring, and, moreover, every six hours the

ends must be closed, and the whole syphon
filled in anew with water ; otherwise it

would run dry.* It is probable that, owing
to its being so long, and consequently so

level, bubbles of air travel along very slowly

and increase in size gradually; possibly

* Would not this be remedied by making the air-
Tessel self-acting liko the air valves sometimes used
on water mains?

—

Note by J. C. Trautveinc.

some air may find its way under external
pressure through the iron itself.

A curious circumstance took place in the
beginning : the tunnel having progressed
much beyond the well of the syphon, and
the water considerably increased, a horse
power with chain pumps was constructed at

the further end to pump up the water into

troughs, by which it is led to the syphon
well. Here, the syphon being insufficient

for this accession of water, another horse
power was introduced to pump up water out
of the same well. As soon, however, as the
chain pumps began to revolve in the well,

the syphon suddenly stopped and we were
obliged to dig a separate well for it ; since

which time both have worked well.

The syphon, by actual measurement, when
just replenished, discharges 43^ gallons per
minute, whereas, all known formulas give be-

tween 54 and 60 gallons, and furthermore,
in " Weale's Engineers' and Contractors'

Companion," occurs this conflicting remark,
taken from R. A. Peacocke's work:

" By Dr. Young's formula (considered by
him the best)

—

A 5-inch pipe would be used where a Z\ would suffice.
7 a a a a 5 a

10 « a a << 7 a
14 i< a a a 10 a

and then he goes on to show the useless ex-

penditure resulting from pipes too large be-

ing used in obedience to these formulae. But
here in this extraordinary long syphon, his

opinion is not sustained, and we find, on the

contrary, the discharge is less than the for-

mulae give ; and that neither they nor Mr.
Peacocke's rules are applicable to this case.

The syphon I have described is, I believe,

the longest ever attempted to be used, and
on this account the results and anomalies it

presents are somewhat interesting. It cer-

tainly has rendered considerable service in

the Blue Ridge Tunnel ; with no other cur-

rent expense than the employment of a man
to attend to the air-vessel.

—

Col. C. Crozet

in Journal Franklin Institute.

Testing Rails and Axles.—A suita-

ble movable anvil, to be placed tempora-
rily upon the flat anvil of a heavy steam-

hammer, makes a convenient testing ma-
chine. It has been proved by experiment
that a 5-ton hammer falling 20 inches upon
a rail having one foot bearings, is about
equivalent to a 1-ton weight falling ten

feet upon a rail having three feet bear-

ings.
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ON THE THERMAL ENERGY OF MOLECU-
LAR VORTICES.

Abstract of a paper before tbe Royal Society of Ed-
inburgh, by W. J. Macqdorn Rankine, i\ R. S-,

&c.

In a previous paper, presented to the Royal
Society of Edinburgh in December, 1849,

and read on the 5th of February, 1850
(Trans, vol. xx.), the author deduced the

principles of thermodynamics, and various

properties of elastic fluids, from the hypoth-

esis of molecular vortices, under certain spe-

cial suppositions as to the figure and arrange-

ment of the vortices, and as to the properties

of the matter which moves in them. In

subsequent papers he showed how the hy-

pothesis might be simplified by dispensing

with some of the special suppositions. In

the present paper he makes further progress

in the same direction, and shows how the

general equation of thermodynamics, and
other propositions, are deduced from the hy-

pothesis of molecular vortices, when freed

from all special suppositions as to the figure

and arrangement of the vortices, and the

properties of the matter that moves in them,

and reduced simply to the following form :

that thermometric heat consists in a motion of
the particles of bodies in circulating streams,

with a velocity either constant or fluctuating

periodically. This, of course, implies that

the forces acting amongst those particles, are

capable of transmitting that motion.

The principal conclusions arrived at are

the following

:

1. In a substance in which the action of

the vortices is isotropic, the intensity of the

centrifugal pressure per unit of area, is two-

thirds of the energy due to the steady cir-

culation in an unit of volume. The centri-

fugal pressure is the pressure exerted by the

substance in the perfectly gaseous state.

2.* If there be substances in which the

action of the vortices is not isotropic, then

in such substances the proportion already

stated applies to the mean of the intensities

of the centrifugal pressures in any three

orthogonal directions.

8.* The proportion which the whole energy

of the vortices, including that of the peri-

odic disturbances, bears to the energy of the

steady circulation alone, may be constant or

variable.

4. Absolute temperature is proportioned

to the energy of the steady circulation in

unity of mass, and to the specific volume in

the perfectly gaseous state.

5. In substances which are nearly in the

perfectly gaseous state, experiment shows
the proportion in which the whole energy
exceeds that of the steady circulation, to be
sensibly constant ; and its value may be found
by computing in what proportion the dynam-
ical value of the specific heat at constant vol-

ume exceeds once and a half the quotient
found by dividing the product of the pressure
and volume by the absolute temperature.
*The following are examples :—air, 1.634

;

nitrogen, 1.630 ; oxygen, 1.667; hydrogen,
1.614; steam-gas, 2.242.

6. The known general equation of ther-

modynamics is deduced from the hypothesis
of molecular vortices, *freed from the special

suppositions made in the paper of 1849-50.
The new conclusions obtained in the pre-

sent paper are marked *. Those not so

marked were arrived at in the paper of 1849-
50.

The general equation of thermodynamics
is here stated for convenience ; let dQ be the
thermal energy which must be given to unity
of mass of a given substance, in order to

produce a given indefinitely small change in

its temperature and dimensions : then

—

dQ^zr d- (j) ;

in which r is the absolute temperature, and
(p the thermodynamic function. The value
of that function is

—

*=JchyplogT+a (r) +ffi
d r

3c being the dynamical value of the real spe-
cific heat; U, the potential energy of the
elasticity of the body at constant tempera-
ture ; and x (~)> a function of the absolute
temperature, which is null or inappreciable
in a substance capable, at that temperature,
of approximating indefinitely to the perfectly
gaseous state, and is included in the formula,
in order to provide for the possibility sug-
gested by Clausius, that there may be sub-
stances which have not that property at all

temperatures.

The Connecticut Western Rail-
road, a link in the Boston, Hartford

and Erie, now building, will undoubtedly
pay as a trunk line, but its chief value to

the public, and ultimately to shareholders,

will be the facilities it will afford for bring-

ing cheap coal to the many manufacturing
villages of Connecticut, and for carrying the

excellent iron ores of the Salisbury and ad-

jacent regions to the Hudson river, there to

be smelted with anthracite coal.
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AVELING & PORTER'S TRACTION
ENGINES.

AGRICULTURAL LOCOMOTIVES AND TRAM-
WAY ENGINES.

The subject of Traction engines as loco-

motives for ordinary roads and for agricul-

tural and other purposes, is attracting a

large amount of attention in this country,

but certainly not more than its vast im-

portance entitles it to. In the London Ex-
hibition of 1851, there was not one Traction

engine, and it was the general belief that

none eould be contrived to answer any com-

mercial purpose. In the London Exhibi-

tion of 1862, nine of these engines were ex-

hibited. At the Royal Agricultural Socie-

ty's meeting at Canterbury in 1860, Mr.

Aveling, of Rochester, exhibited a self-pro-

pelling engine, but it was regarded with in-

difference by the officers of the society, and

was catalogued with the "miscellaneous"
articles.

Since that time, however, the importance

and advantages of self-propelling engines

over the ordinary "Portable engines," which
have to be conveyed from place to place by
horse-power, or otherwise dragged heavily

along by a vast expenditure of manual labor,

is an admitted fact, and not only are these

Traction engines employed for agricultural

purposes, but they can be seen in successful

operation in England and many other parts]

of the world—in the timber yard, at the coal-

field, the copper mine and the stone quarry,

where they are doing the work of horses at

less than half the cost.

The illustrations accompanying this arti-

cle are perspective views of road locomo-

tives and tramway engines as manufactured
by Messrs. Aveling & Porter, of Rochester,

England, and 43 Exchange Place, New
York, who are amongst the most successful

English makers of this description of engine.

Aveling & Porter's Patent Road Loco-
motive engine is arranged with double gear-

ing to travel at two speeds, viz : 2£ miles

and 5 miles an hour.- The working parts

are housed in from the influence of dust

and weather. This engine has one cylin-

der placed on the forward part of the

boiler and surrounded by a steam-jacket,

at the top ofwhich is placed the throttle-valve.

Priming in ascending steep inclines is there-

by prevented, and the use of steam-pipes,

either inside or outside the boiler, is avoid-

ed. Engines with single cylinders and re-

versing gear when connected to the driving

axle by means of Aveling's patent chain

gear, have proved themselves to be thor-

oughly efficient, more powerful, less com-
plicated, and in many respects better adapt-

ed for general traction purposes than en-

gines with double cylinders. The driving-

wheels are 6 ft. 6 in. diameter, and 18 in.

wide, and have spaces in the face in order to

Aveling & Porter's Patent Road Locomotive or Traction Engine.

Vol. T.—No. 11.-65.



994 VAN NOSTRAND'S ENGINEERING MAGAZINE.

fix on angle-iron paddles when passing over

soft ground. Small castings slide into these

spaces when the angle irons are not in use.

Either of the driviDg-wheels can be rotated

at pleasure, which is a great advantage in

turning sharp curves. The tanks carry wa-

ter and fuel for a run of from six to ten miles,

according to the speed. A powerful fric-

tion-break is connected with the driving

axle, and the patent arrangement for steer-

ing the engine is perfect in its action.

A most elaborate series of experiments

have been lately made with one of Aveling
& Porter's road traction engines, "La Ville

de Senlis," at Beaurain, France. The ex-

periments were conducted by M. Tresca,

Engineer, Sub-director of the Conservatoire

Imperial des Arts-et-Metiers, Paris, and ap-

proved by the Director-Greneral, Moran.
The experiments moreover were made in

concert with Professor Fleeming Jenkin, F.

R. S., London, whose presence gives to the

results arrived at, a character of security

that increases their importance.

Soon after the Paris Exposition of 1867,

a number of experiments having for their

purpose the testing of the tractive power of

Aveling's engine, were made with the en-

gine " Pioneer," and these have been lately

supplemented by more detailed and search-

ing tests applied to the engine " La Ville

de Senlis," manufactured by the same firm.

The report, which is a very lengthy and

carefully compiled paper, concludes as fol-

lows :

" To sum up. The engine (La Ville de
Senlis) drew in a regular manner, upon a
good road slightly undulating, a total load

of 60,000 kilog. (59 tons). The co-eflicient

of traction may be approximately estimated

a* 3tt> which would bring the mean strain to

nearly 2,000 kilog. (39^ cwt.) taking into

account the weight of the locomotive.
" This mean effort, developed at a speed of

1.108 m. (3.54 feet) per second, brings the

valuation of effective work to 2,160 kil. met.

(15,623 foot-pounds) per second, or to 28
chevaux vapeur (27.61 horse-power). This
figure will appear high if it be compared
with the consumption of fuel, which was 184
kilogrammes, (3 c. 2 q. 13 lbs.) in three

hours and three minutes, say 60 kilog. (132.

25 lbs.), per hour of actual traveling. This
consumption represents only 2 kilogrammes
(4.40 lbs.) of coal per horse-power and per

hour.
" The corresponding consumption of water

is not less than 600.46 liters (132.22 gal-

lons) per hour of actual traveling. With
the present tenders, which can hold 1,800
liters (396 gallons) of water, it is necessary

to replenish them every 10 or 12 kilometers

(6| to 7-| miles).

" The co-efficient of adherence may be es-

timated on the road gone over at .3 of the

adherent weight.

Aveling & Porter's Agricultural Locomotive.
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" The adherence resulting therefrom was

only necessary for the working of the engine

up inclines of .030 to .033 (1 in 33 to 1 in

30) and at starting.

"The load of 81,253 kilogrammes (7SJ$
tons) which the engine drew on level ground

is not the limit of what it can draw under

these conditions.
" The speed of four kilometers (2.48 miles)

per hour appears suitable for frame of this

nature, and renders the manoeuvers so easy

that the train is well managed by a superin-

tendent, an engine driver, and an assistant

solely employed to guide the steering wheel

in front.

" Done by the Engineer, Sub-Director

of the Conservatoire Imperial des

Arts-et-Metiers.

"Paris, lbth January, 1868.

"H. TRESCA.
"Approved—The Director.

"General Moran."

It is upon the general principles adopted

in the manufacture of Aveling & Porter's

road traction engine, that their agricultural

locomotive has been designed. The second

illustration gives a view of this machine,

which is especially adapted for steam culti-

vation, thrashing, sawing, pumping, and re-

moving agricultural produce. The boiler is

unusually large ; it is clothed entirely with

hair felt, lagged and covered over with sheet-

iron, and proved to a pressure of 200 lbs. to

the square inch. Want of heating surface,

and the use of steam pipes inside the boiler,

causing loss from leakage and waste in re-

heating the exhaust steam on its passage to

the atmosphere, are serious faults common
in agricultural engines. In this engine the
cylinder is placed on the forward part of the

boiler, surrounded by a steam-jacket, and
with arrangements otherwise similar to

Aveling's road locomotive. The driving

wheels are 5 feet 6 inches diameter, and
16 inches wide. The engine is capable
of taking a load of from 10 to 15 tons

over ordinary roads. There are 400 of these

engines in use in England and many coun-
tries of the European continent, and the tes-

timony of the best and most competent
judges affirms the superiority and economy
of the agricultural locomotive over all des-

criptions of engines used for farm purposes.

The simple " Portable engine," without any
capacity for propelling itself, is but a small
" half measure " towards economy, and the

difference in the cost of a locomotive and an
engine which necessitates the expenditure of

much time and expense for its removal is so

trifling when compared with the advantages
gained by the newer methods, that there is

little doubt of the ultimate adoption in this

country of a plan that has proved so entirely

successful abroad. The prize medals of the

International Exhibition, London, 1862,

and the Universal Exhibition, Paris, 1867,
were awarded to this engine.

The third illustration exhibits a locomo-

Avcling & Porter's Patent Tramway Engine
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tive so constructed as to be worked upon an

ordinary tramway, and may be described as

a traction engine placed upon railway wheels,

these wheels being coupled by the pitch-

chain, which is employed to communicate
the motion to them. These engines are

made from 4 to 30 horse-power. From the

crank-shaft the motion is communicated by
spur gearing to a countershaft, carrying at

its end the wheel for the pitch-chain, the

bearings of this shaft being placed in curv-

ed slots formed in the supporting brackets,

so that the shaft can be raised and the chain

tightened when necessary. The crank-shaft

carries a fly-wheel, and the engine is fitted

with Aveling's usual link-motion reversing

gear. The pitch-chain extends from the

countershaft around the chain wheels, fixed

one inside each of the carrying wheels, and
the chain thus couples the wheels together,

as well as communicates the motion of the

countershaft to them. The carrying wheels

are 4 ft. diameter, and are placed at a dis-

tance of 5 ft. 3 in. apart from center to cen-

ter, the leading axle passing under the bar-

rel of the boiler, and the trailing one being

placed behind the fire-box casing. The
wheels are of cast-iron, and the total weight
of the engine (a 10-horse power) 9 tons.

These engines have the same advantages as

portable and stationary engines for pump-
ing, sawing, and driving fixed machinery

;

they are capable of taking heavy loads at

the rate of six miles per hour, and at a cost

of three farthings per ton per mile. They
are in use in Her Majesty's dockyards at

Chatham, Portsmouth and Davenport, and
in many mines, quarries, brick-fields and
other large works in England and other Eu-
ropean countries.

In all parts of the United Kingdom are

to be found these tramway engines ; and
horse-power, which was formerly employed
for working in mines and quarries, has, in a

great number of cases, been replaced by
locomotives, and the cost of traction has

thereby been materially reduced.
Altogether these engines have given abun-

dant proof of being well adapted for use in

quarries and similar places where heavy
loads have to be moved at slow speeds, and
in such situations it appears that they will

do the work at about half the cost incurred

by the employment of horse-power. W.

THE BAD COAL BURNING On most of Our
locomotives is a waste of money,a nuisance

to passengers, and a disgrace to managers.

THE SPIRIT-LEVEL

By John Phillips.

From "The Builder."

Its Invention.—He who first filled a glass

bottle with a liquid, leaving a small quan-
tity of air therein to form a bubble, then
corked the bottle and laid it flat on one
side, with the bubble floating against the
upper part, was the unconscious inventor of
the spirit-level, which is a very simple in-

strument in appearance, but of the utmost
value, when properly made, to the astrono-

mer, the engineer, and the builder; for

when the bottle is placed horizontally, the

bubble always mounts to, and rests at, its

most elevated point ; and the tangent to

that point, when the middle or apex-point
of the bubble coincides therewith, is a hori-

zontal line ; that is, a line at right angles,

or perpendicular to the direction of gravity

or the plumb-line passing through that point.

This was first perceived and applied, so

far as is known, in France in 1666, by Mel-
chisedee Thevenot, who was a great amateur
of science, and a writer of books of voyages
and travels. In this respect he enriched

the literature of France as much as Hakluyt
enriched that of England half a century ear-

lier. It was at Thevenot's house that the

learned men who founded the Academy of

Sciences at Paris used to assemble ; and it

was at one of their meetings that he pro-

pounded the spirit-level.

A description of the instrument, accom-
panied with figures, was first published in

the " Journal des Savants," Paris, Novem-
ber 15th, 1666, under this title :

" Machine
nouvelle pour la conduite des eaux, pour les

batiments, pour la navigation, et pour la

plupart des autres arts." The instrument
is there called an air-level; and is described

as a glass tube, hermetically sealed at both
ends, containing spirits of wine, which do
not freeze, and a small quantity of air form-

ing a bubble. It is stated that the instru-

ment is capable of giving, with much exact-

ness, the direction of the horizon, the per-

pendicular to the horizon, and vertical angles;

and that it is easier to make, more conven-

ient to use, and indicates a level line more
readily and accurately than any other instru-

ment. One figure represents the tube charg-

ed with liquid, and an air-bubble ; a second

shows it fitted, under the center part, with

a spindle dropping into a socket fixed on a

staff so as to turn in any direction, and with

sights on the ends for leveling to long dis-
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tances ; a third represents it fixed to a

square, and a fourth to a short flat bar of

wood, as levels for workmen ; and a fifth

shows it fixed to a quadrant for navigation.

In this first publication the inventor is

not named. But in a small work, called

" Recueii des Voyages de M. Thevenot,"
Paris, 1681, there is a description of the

instrument by Thevenot, preceded by a

statement that he invented it fifteen years

before that time ; and that he then gave a

description of it to the public. This agrees

with the description in the " Journal des

Savants," referred to above, which no doubt

was written by Thevenot himself. He also

states that soon after its invention an ac-

count of it was sent to the Royal Society of

London. The celebrated Dr. Hooke was
then a constant attendant at the meetings

of this body. By this means he became ac-

quainted with it ; and seeing that it would
be of the greatest advantage to astronomy,

to navigation, to engineering, and to build-

ing, he had some excellent tubes prepared,

and applied them to various instruments

;

and he subsequently produced the spherical

spirit-level. From this circumstance the

invention of the spirit-level, now in common
use, has been ascribed to Hooke, but it is

undoubtedly due to Thevenot. Much merit

is due, however, to Hooke for aiding to per-

fect it, and to apply it to science. He was
the best practical mechanician of his time,

as is evidenced by his numerous valuable

inventions. He, as well as Wren, whose
name is displayed in the most prominent of

red-letters on the fame-roll of British archi-

tects, were contemporary with Newton ; and
both Hooke and Wren were within an ace

of seeing and propounding the principle of

universal gravitation at the moment when
the great intellect of Newton had grasped

and mastered it,—dispelling forever the

mist that had obscured it.

As, however, the instrument was new,

and there were difficulties in constructing it

with precision, nearly a century elapsed be-

fore those difficulties were removed, and it

obtained the preference it merited over the

water-levels and plumb-levels then in use,

as well as over those that were invented

during the interval, most of which are

now almost forgotten. It was first practic-

ally employed in this country, in 1756, by
Smeaton, for leveling the foundation and
courses of stone of the noble lighthouse

which he designed and erected on the Eddy-
stone. Thevenot's simple glass tube is now

applied to nearly all the instruments used
in leveling, and it is the level par excellence.

Its Construction.—The spirit-level, as or-

dinarily constructed, consists of a short

cylindrical glass tube, whose interior sur-

face is, or should be, ground to a slight reg-

ular curvature lengthways, and then pol-

ished. The curvature, which is much exag-
gerated in the figure, is almost imperceptible
in the tube, the radius being from 300 ft. to

600 ft. The tube is nearly filled with a
very limpid liquid, leaving a small space
occupied by an air-bubble. The open ends
are then hermetically sealed by melting the
glass around them with the blow-pipe.

Alcohol or sulphuric ether, whose specific

gravities are respectively .792 and .715, wa-
ter being 1.000, are preferred for charging
the tube, because these liquids are much
lighter, possess the property of fluidity in a

higher degree, and are more sensitive than
any others. Moreover, intense frost does

not affect their fluidity—no observed degree
of natural or artificial cold having ever

frozen them ; and they also have the prop-

erty of wetting the glass more readily and
completely than other liquids, owing to the

greater capillary affinity subsisting between
them and the glass.

If the tube's curvature were the same as

the earth's curvature, the upper line or sur-

face of the liquid would be truly level, and
therefore no part of it would have a ten-

dency to fall, or seek a lower position ; nor

would the bubble, which is considerably

lighter than the liquid, have a tendency to

rise or seek a higher one, but would remain
uninfluenced at any part, because the action

of gravity upon the surface of the liquid

would be everywhere precisely equal. It is

essential, therefore, that the tube should be

made not only of equal bore, or perfectly

cylindrical throughout, but with a uniform

and sensibly convex curvature, lengthways,

in order that the middle or apex-point of

the bubble may rise to, and rest at, the

middle or apex-point of the arc.

As, then, the bubble moves in an arc of a

circle convex upwards, it may be regarded

as a plummet of air, analogous to a plum-

met of metal or a pendulum swinging in the

arc of a circle convex downwards ; and the

center of gravity of the bubble is brought to

rest, by the earth's attraction, in the verti-

cal line passing through the center of the

circle in the arc of which the bubble moves,

the same as the center of gravity of the

plummet or the pendulum is brought to rest,
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also by the earth's attraction, in the vertical

line passing through the center of the circle

in the arc of which the plummet or the pen-

dulum swings, or through the point from

which they are suspended. When, there-

fore, the apex-point of the bubble coincides

with the apex, or zero-point, as it is called,

of the tube, which is marked thereon, or the

ends of the bubble mark equal distances

therefrom, the instrument is in adjustment

—

that is, the tangent to the tube at the zero-

point is horizontal, or at right angles to the

vertical passing through that point.

Two symmetrically divided scales are

usually engraved across the top surface of

the tube—one on each side of the zero-point,

or one from each end of the bubble when its

apex-point is identical with the zero-point

;

so that when the bubble marks equal divis-

ions on the scales, the tangent to the arc at

the zero-point, as also a visual ray, a straight

edge, or a line parallel thereto, is horizon-

tal. When, on the contrary, one end of the

tube is raised above the other, the bubble

runs from the zero-point towards the elevat-

ed end, and the tangent to that point, or the

visual ray, the straight edge, or the line par-

allel thereto, inclines upwards in one direc-

tion, and downwards in the other, from exact

horizontality, while the tangent to the arc

at the apex-point of the bubble, wherever

situated, remains horizontal.

When, therefore, the radius of curvature

of the tube is known, the scales across the

tube are capable of measuring vertical an-

gles with the same accuracy as a sector,

whose radius is equal to the radius of the

tube's curvature. Thus, when the apex-

point of the bubble deviates from the zero-

point of the tube, the value in seconds of

the angle contained between the horizontal

tangent to the bubble's apex-point, and the

tangent to the tube's zero-point is

onfioft r
//

*> deviation of bubble,

rad. ot curv. of tube.

For example, let the bubble's deviation from

the zero-point be three divisions of the scale,

or -j^ of an inch, and let the tube's radius

of curvature be 300 ft. ; then we have
206265" X iro

3
-o
= 206265" X .01 = 2062"

.65 = 34' 22" .65, the value of the angle

from horizontality.

The radius of curvature of the tube may
be found by the formula

where R is the radius, d the deviation of the

bubble, h the height traversed on a distant

staff by the run of the tangent from the
tube's zero-point to the bubble's apex-point,

and D the horizontal distance from the bub-
ble's apex-point to the staff. Let d~ .5 inch,

h= 1 inch, and D= 600 feet ; then R =~ J)

= jX 600 = .5 X 600= 300 feet.

Hence the longer the radius the less will

be the curvature of the tube, and the more
sensible will be the bubble of any deviation

of the tangent to the tube's zero-point from
the horizontal ; because the bubble must
move over a greater length of the tube in

proportion to any small elevation of either

end. In delicate levels the curvature is

very small, and the bubble quivers with the

slightest touch or tremor ; while in levels

made for common use the curvature is more
rapid, and the bubble is more readily brought

to a stand, and remains steadier.

The volume and length of the bubble are

affected by every change of temperature.

The glass and the liquid both expand—the
glass very slightly, the liquid very consider-

ably. If they expand equally, the capacity

of the tube and the volume of the liquid

would be enlarged in the same proportion,

and the volume and length of the bubble

would remain always the same. But, as

just observed, the dilitation by heat of the

glass is only slight, while that of the liquid

is very considerable. Hence the capacity

of the tube increases much less than the

volume of the liquid ; and hence the volume

and length of the bubble become smaller as

the volume of the liquid becomes larger.

This may be verified by heating the tube
;

when, as the liquid receives heat and ex-

pands, the volume and length of the bubble

will be seen to decrease ; and also by cool-

ing the tube, when, as the liquid parts with

heat and contracts, the bubble will be seen

to increase in volume and length. Alcohol

expands regularly y^^ for every degree of

heat that it receives above 32°, and it con-

tracts with the like regularity for every de-

gree of heat it parts with below 32°.

In common levels the tubes are used just

as they leave the glass factory. Those hav-

ing an apparent uniform caliber, perceptible

convex curvature lengthways, and smooth

interior surface, being selected for the pur-

pose ; and after the alcohol or the ether is

enclosed in sufficient quantity to form a

suitable bubble, the ends are hermetically

sealed. Now it is evident that if there be

any irregularities in the arc against which
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the bubble runs, they will be imparted to

the bubble—one end of which will be

broader or narrower than the other, and

shorter or longer from the zero-point ; and

In proportion to the irregularities will the

ends of the bubble be unequally distant from

that point, and will the tangent thereto de-

viate from horizontality.

Should the bore of the tube be uneven or

irregular curvatures, or should the parts on

each side of the zero-point not be symmet-
rical, the ends of the bubble, as they aug-

ment or diminish in length by changes of

temperature, would not rest exactly equi-

distant from the zero-point, or mark equal

divisions on the scales. The tangent, how-
ever, to the zero-point would be horizontal,

although the bubble would have an apparent

inclination; and therefore, to bring the ends

of the bubble to coincide with the equi-dist-

ant divisions of the scales, would be to give

the tangent an inclination, and throw the

instrument out of adjustment. This results

more or less with all unground or defective

tubes, and consequently sections plotted, es-

timates made of work, and works set out and
regulated from levels taken or given by such

tubes, must be in error in proportion to

their imperfection.

In levels of precision, especially those

employed for astronomical and engineering

purposes, the interior surfaces are made
truly even and cylindrical, and with a sens-

ible curvature upwards exactly to an arc of

a circle, by grinding them with emery-pow-

der and oil or water on steel cylinders, and

then polishing them. This process is re-

peated until the bubbles prove, by turning

the tubes end for end on a delicately-ad-

justed support, to be perfectly symmetrical,

or until the ends appear at, or mark pre-

cisely equal distances from the middle or

zero-point, the tangent to which is then hor-

izontal.

Hence, in the preparation of these tubes

the chief objects to be attained are, uniform-

ity of bore, perfection of curvature, and

smoothness of surface ; and it should be ob-

served, in conclusion, that whatever care

and finish are bestowed on the exterior

mountings of the tube, if the interior of the

tube itself be imperfect in the above res-

pects, the tangent given by the bubble will

not be horizontal. Tubes have been and

can be made to indicate a point half a sec-

ond of a degree from exact horizontality, or

within one-hundredth of a foot of horizon-

tality at the distance of one mile. This

slight deviation is due, not to the principle

of the instrument, but to mechanical defects,

from which no instrument, however deli-

cately made, is absolutely free.

MANUFACTURE OF STEEL
DISCUSSION BEFORE THE SOCIETY OF

CIVIL ENGINEERS OF FRANCE.

Translated from "Le Genie Industriel."

An interesting paper upon this subject

was presented by M. Graly Cazalat, of which
the following is an abstract. This gentle-

man stated, that in 1851 he made public a

process for making, without cost, gases for

lighting and heating by causing a jet of

steam to pass through a bath of liquid cast

iron. This jet produced simultaneously

hydrogen gas and steel, the increased value

of the latter compensating the cost of pro-

ducing the gas. He then demonstrated that

a jet of saturated steam, alone, could con-

vert, in three or four hours, not more than

200 kilogrammes of steel, which would be
heterogeneous and solid. To obtain steel

homogeneous and in a liquid state, he con-

ceived, in 1855, the idea of passing simul-

taneously several currents of compressed air

and of superheated steam through several

tons of liquid cast iron, which, in less than

30 minutes, would be converted into liquid

steel, ready to be poured into molds. After

experimenting four years, and having failed

to obtain authority to lay down pipes, he

was obliged to forego the collection of hy-

drogen gas.

In 1856, Mr. Martin, of New Jersey,

claimed the discovery of a new method of

manufacturing steel. His method consisted

in permitting melted iron to fall in a fine

shower into a deep vessel, through which air

was forced. The air rapidly decarburized

the small pellets, or threads of iron, con-

verting them into steel, or more frequently

into liquid pure iron. To make steel, Mr.
Martin added to this product a certain

quantity of specular cast iron, thus restoring

the requisite carbon.

In 1856, Bessemer presented a method of

making wrought iron and steel by passing

air or steam through a bath of not exceed-

ing 200 kilogrammes of cast iron.

M. Graly Cazalat showed that, when a

jet of ordinary steam is passed through the

bath of iron, it will produce only a mass of

heterogeneous steel, and will solidify it.

The same result will follow when a jet of air

is passed through a single pipe, entering any
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point of a bath of about 200 kilogrammes of

cast iron. Indeed, the column of air passing

through the liquid metal can be decomposed
only at its circumference : the temperature

of the metal is raised only by the .21 of oxy-

gen, furnished by the decomposed air, while

it is reduced by .79 of nitrogen, to which
should be added the volume of air not de-

composed. Furthermore, the air cannot

touch the more distant molecules of iron,

and hence its oxygen cannot burn the carbon

they contain. Thus, when the mass solidi-

fies, it is only a mixture of cast iron and

steel.

M. Galy Cazalat remarked that it was
not until 1861, that Bessemer succeeded in

producing the steel now used in the forges.

Comment was made upon this communica-
tion by M. Jordan. He thought it might

be divided into two heads : 1st. An examina-

tion of the antecedents and similitudes of

the processes of Graly Cazalat, Martin and
Bessemer. 2d. A description of a process

for refining iron by steam.

As to the first head, M. Jordan had not

studied the patents of M. Galy Cazalat; but

he was familiar with his investigations, and
desired to render full justice to the ingenui-

ty and perseverance, of which they gave

proof. But he believed that M. Galy Caza-

lat was not accurately informed as to the

antecedents of the Bessemer process, which
had no relation whatever to refining by
steam. It is true that Mr. Bessemer, in

1855, in the first of his patents on the pro-

cess which bears his name, declared his in-

vention to consist in the injection of threads

of air, or of steam, or of air and steam, into

the midst, and among the particles of a mass
of liquid, crude cast iron, &c. ; but in this

same patent he asserts, that the injection of

steam, having the difficulty of cooling the

bath, can be employed only at the com-
mencement of the process, and that the de-

carburization must be completed by the use

of air. M. Jordan is of the opinion that

we should not look merely at the specifica-

tions of patents to find the history of the

phases of an invention which has reached

the practical stage, since inventors, to pro-

tect their rights, often introduce into them
variations altogether untried. It would be

far better to study facts. In the famous
memoir, read before the British Association,

in 1856, which produced a profound sensa-

tion among the English metallurgists, refin-

ing by steam was not even discussed. Bes-
semer was well acquainted with the fruitless

experiments of Nasmyth, and that distin-

guished mechanic, who was present at the

session, publicly approved the system of re-

fining by air. Neither in the public experi-

ments at Baxter house, in 1856, nor in those

at the shops of the Great Northern Bailway,
was the question of refining by steam raised

at all. In truth, there had been no particu-

lar effort made in that direction. The diffi-

culties which caused M. Bessemer's works
to be withdrawn for a time from public

notice, lay in the selection of suitable irons

and refractory materials, and, to a slight

extent, in the arrangement of the apparatus.

The almost immediate success obtained in

Sweden, in 1859, in the establishment of

Edsken, encouraged Bessemer to persist in

his labors, in spite of the contrary opinions

of a great majority of English forge mas-
ters. The theory of the process, at that

time very obscure, began to engage the at-

tention of various Swedish and German met-

allurgists, and soon it became known how to

select coke irons suitable for it, then to re-

carburize the metal, and at the same time

purify it by the addition of spiegeleisen.

Success was achieved at Sheffield and at St.

Laurin with gray hematite iron from Cum-
berland. As soon as success had been met
with in Sweden, Mr. Bessemer made a com-
munication to the civil engineers of London,
and submitted to them many specimens.

However gratifying it might be to nation-

al pride, M. Jordan could not agree with

M. Galy Cazalat in the assertion that it was

by means of the money advanced by the

French government to MM. Jackson & Co.,

that the Bessemer process had become what
it now is. MM. Jackson had surely contrib-

uted to the perfection of the process ; but it

must not be forgotten that Mr. Bessemer
and his family had expended a fortune of

400,000 francs, before he had reached suc-

cess, and that MM. Brown & Co., of Shef-

field, were manufacturing, with facility,

large masses of Bessemer steel, when the

process had scarcely been heard of in France.

M. Jordan also believed that M. Galy
Cazalat had not been accurately informed,

when he attributed to Martin the idea of

using specular iron as a recarburizer. The
importance of the functions of the carburet

of iron and manganese had been pointed out

by Heath, in 1839, and the use of specular

iron had been announced by Mushet, in

1856. Martin's patents say nothing about

it. The cast irons (necessarily gray irons),

required by the Bessemer process must con-
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tain (under penalty of certain failure), but a

slight proportion of manganese. Indeed,

they should never contain more than 1 or

1.5 per cent. They should contain 2 to 2.5

per cent of silicium, which is a powerful

conservator of heat. The Bessemer irons,

manufactured from Algerian ores, contain

but little manganese, and the Motka ores

contain only 1 to 1.5 per cent. It is erro-

neous, therefore, to attribute to this metal

the success of the Bessemer process, which

is due, rather, to the presence of considera-

ble proportions of silicium and carbon, to

the absence of notable quantities of manga-
nese, and the almost total absence of phos-

phorus.

M. Jordan states, that he has not the

honor of Mr. Bessemer's personal acquaint-

ance, and that he makes these statements

solely in the interest of historic truth.

As to refining by steam, he states that its

invention goes back as far as 1855. M.
Guineveau, professor of metallurgy in the

School of Mines, spoke, some thirty years

ago, of a method of refining by steam. In

1840, Mr. Guest, proprietor of the Dowlais

establishment, conceived of the injection of

steam into the metal of the finery fire. In

1854, Mr. Nasmyth introduced steam into

the bath of metal in the puddling furnace,

by means of a recurved, hollow rabble. The
steam was intended to stir the metal, and
being brought into contact with the hot

iron, to decompose, furnishing oxygen : this

combining with the carbon, sulphur and
other oxidizable elements, would eliminate

them, while the hydrogen set at liberty

would still further desulphurize the mass.

The Nasmyth process has been subjected to

prolonged trial, and finally abandoned, be-

cause the steam reduced the temperature of

the bath. The process of M. Galy Cazalat

is substantially the same as those of MM.
Guest and Nasmyth. M. Jordan was unable

to see how, by the use of steam, it was pos-

sible to arrive at the production of cast

steel. According to the theory, which, it is

true, is not definitely settled, as to what
is the true reaction at the enormous tempe-
rature of the Bessemer process, the metal

cannot be decarburized without the forma-

tion of much oxide of iron, and yet maintain

the exalted temperature necessary to melt
the steel. Water, it is true, contains for

equal weights, much more oxygen than air.

But its decomposition requires the expendi-

ture of a large quantity of heat, which is

not re-supplied ; and although it may at first

manifest its activity at certain points, if the
iron is very siliceous, yet the general tem-
perature of the bath is diminished, and the
result is, not cast steel, but a mixture of
cast, wrought and steely, iron and oxide.

This now is the result of M. Jordan's at-

tempts. The great advantage of air is, that

it supplies oxygen, without absorbing heat

for decomposition. It is probably better

even than pure oxygen, of which the reac-

tions would be too violent.

M. Galy Cazalat replied, that Mr. Nas-
myth, the inventor of the steam hammer,
was opposed to Bessemer in the Society of

Civil Engineers of London.
Some metallurgists have asserted, and

rightly, that since the invention of the re-

verberatory furnace, all puddlers are well

aware, that the surface of the metal is de-

carburized by the oxygen of either air or

steam : that the new process for making
steel consists in causing the air or steam to

pass through the metal, and this Nasmyth
was the first to do—at least with steam.

The partizans of the Bessemer process would
assert, that the Nasmyth process was in-

tended merely to render less laborious the

mixing of the metal by the puddler, who
moves about the hearth of the 4'urnace a hol-

low rabble, through the end of which the

steam issues, while the Bessemer process

does away with puddling altogether, substi-

tuting for it the action of compressed air or

saturated steam. M. Galy Cazalat showed
that he first conceived the idea of passing

steam through baths of zinc, lead and cast

iron, in order to produce without cost hydro-

gen gas, through the increased value of ox-

ide of zinc and lead, and especially of steel.

He remarked further that nine kilogrammes

of steam, which contain, as is well known,

630 calories per kil. bring into the bath

5670 calories. Consequently, their decom-

position should absorb 34400—5670 =28730
units of heat. On the other hand, calcula-

ting the effect produced by the 8 kil. of oxy-

gen resulting from the decomposition, and

which should combine with the carbon con-

tained in the iron, it will be seen that a kil.

of carbon requires, in order to be burned,

2.5 kil. of oxygen, which disengages, in

round numbers, 8000 calories, and 8 kil. of

8
oxygen ought to burn -^ — 3.2 kil. of car-

bon, disengaging 25000 calories. It follows

then, that for 9 kil. of steam, there would

be a reduction in heat of 4730 calories ; a

result directly contrary to all experience,
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which shows that during the first ten min-

utes of its flow, the steam raises the tempe-

rature of the bath from a red heat, which is

1000°, to the brilliant white, which is 1500°.

This false theory, which seems to be stereo-

typed in the minds of our most accomplished
metallurgists, has occasioned, in the last

ten years, a loss of several millions to our

principal forge masters. He thinks it is

about time to correct it by the true theory,

founded upon experience, and upon the fol-

lowing chemical and physical principles :

1st. The surface of the bath of iron is de-

carburized by the contact of an oxide of

iron.

2d. A kit of oxygen, combining with the

iron [Fe O], develops 5000 calories.

3d. Cast irons, for conversion into steel,

contain about 5 per cent of combined or al-

loyed carbon.

When superheated steam passes through
a bath of iron, it is decomposed into 8 parts

of oxygen and 1 part of hydrogen : each kit

of oxygen uniting with the iron, produces
5000 calories. The 9 kit of steam, there-

fore, develop 40000 calories, while its de-

composition absorbs only 28730 calories.

The increment of heat, therefore, is meas-
ured by th« difference, 11270 calories,

which are capable of raising a kit of iron

11270 x 3.6= 40572°, or 1000 kit of iron

about 40°. Protoxide of iron, containing 8

kit of oxygen, when brought into contact

with the free carbon of the iron, will burn
3.5 kit of carbon, producing 28000 calories

:

bearing in mind that, at the extreme tempe-
ratures of the process, the heat tends to

separate the oxygen from the iron, it must
be admitted that the cooling due to this

separation, is much less than the heating,

measured by 28000 calories.

M. Brull remarked, that he had followed

the first experiments of M. Galy Cazalat, at

the Imperial foundry at Ruelle, and had
had occasion to make a calculation of the

number of calorics removed from the bath
of cast iron, by the various decompositions,

and developed by the combinations, and the

calculation, based upon the analysis of the

irons employed, had given generally a gain

in heat. Moreover, the experiments, not-

withstanding divers defects in the details of

the plant, which interfered with the success

of the operation, yet enabled him to deter-

mine that the bath of metal would not cool,

but would remain liquid, after the passage
of a current of superheated steam. Later
experiments have confirmed this result, but

have not yielded a constant quality of steel.

M. Brull stated that the order of the various
phenomena of decomposition and combina-
tion of oxides did not affect the final results.

It would be sufficient, in estimating the heat
developed, to consider merely the various
elements in the iron which are burned, and
separate from the metal in the form of sili-

cates, without introducing any hypotheses
as to the precise manner in which the defi-

nite compounds are formed.

M. Depretz remarked that the 34000 cal-

orics, developed by the combination of 8
kit of oxygen and 1 kit of hydrogen, in-

volved the assumption that the products of

combustion be reduced to the zero of tempe-
rature. In the experiments cited by M.
Galy Cazalat, the steam to be decomposed
was under a pressure of two atmospheres,
and at the temperature of 600° ; each kit,

therefore, contained a quantity of heat,

which, according to the empirical formulae

of M. Regnault, would be 606.5 -4- .305 X
120 -f- (600 — 120) X -48 = 873 calorics.

The quantity of heat contained in 9 kit of

steam would then be 873 X 9 = 7857 calo-

rics. To decompose these 9 kit of water,

would therefore take 34000—7857 = 26543
calories, which require for each kit of oxy-

gen 26543 -4- 8 = 3318 calories. Accord-
ing to the experiments of M. Depretz, upon
the oxidation of iron, each kit of oxygen
develops 5325 calories. There is, then, a

clear gain of heat equal to 5325— 3318 =
2007 (say 2000) calories for each kit of oxy-

gen.

M. Lencauchez, commenting upon the

ideas of M. Graly Cazalat, thought, contrary

to the generally received opinion, that the

injection of steam into the bath of iron, at a

temperature of 10 to 20° above the vaporiz-

ing point corresponding to a given pressure,

would not occasion a reduction of tempera-

ture, but on the contrary, an increase. The
quantity of oxygen furnished to the bath

being much greater than in the case of at-

mospheric air, the refining, or more properly

the oxidation, of the metal would proceed

with great rapidity. The liberated hydro-

gen could not, in so short a time, reduce the

excess of oxide of iron, since the latter is

diffused through a large mass of fused metal,

which protects the molecule of oxide from
the reducing action of the hydrogen. For a

similar reason the hydrogen, which is in the

nascent state, will not react upon the metal-

loids (sulphur, phosphorus, arsenic and sili-

cium), which often do not exceed one per
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cent of the mass under treatment. If the

injection of steam be prolonged, the oxide

of iron will attack the lining of the vessel,

forming multiple silicates, so that the pro-

duct is neither iron nor steel.

In the following session of the Society,

M. Galy Cazalat further stated, that the

production of steel by superheated steam

had, for ten years, been opposod by the* false

application of two principles. When 1 kill

of hydrogen combines with 8 kil. of oxygen,

it produces water, with evolution of 34462
calories.

Reciprocally, the decomposition of 9 kil.

of water into its elements occasions an ab-

sorption of 84462 calories.

The conclusion has been, that the decom-
position of steam cools the bath which it

traverses. But we must account for the

union of oxygen with carbon, which restores

25000 calories—a quantity insufficient, it is

said, to make steel. He asserts, however,

that experience does not confirm this reason-

ing, but that if a current of dry steam be

passed through cast iron at 1200°, it soon

raises it to a dazzling white heat. The true

theory he asserts to be as follows : Oxygen
has a greater affinity for iron than for car-

bon. Since crude iron contains sixteen

times as much iron as carbon, it is with the

iron that the oxygen combines, producing a

much greater heat than would be the case

with atmospheric air, which contains, for

equal weights, only one-fourth as much oxy-

gen as water. M. Galy Cazalat enumerated
the patents he had received, from 1855 to

1858, for decarburizing cast iron by cur-

rents of superheated steam. To obtain a

constant production of steel, the iron is first

oxidized, then is partially recarburized by
the addition of specular iron in crucibles,

placed upon the hearth of a reverberatory

furnace. In pouring large masses of steel

blow-holes would be developed, which it

was necessary to reduce under the hammer.
He also indicated a method of compressing

cast steel in the mold by closing it with a

metallic cap, and exploding powder (without

sulphur), which was introduced by means of

a tube. Long afterwards, Mr. Whitworth
conceived the idea of compressing steel by
hydrostatic power; but the cannon so made
burst, and exhibited blow-holes in all the

surfaces of fracture.

He also gave some details for manufactur-

ing, simultaneously, iron and steel, by means
of certain minerals contained in volcanic

sand from Reunion, Naples and New Zea-

land. This is a titaniferous, manganic,
sesquioxide of iron, containing 80 per cent

of oxide of iron, 10 to 12 per cent of titanic

acid, and 6 per cent of silica, alumina and
lime, and has long been deemed infusible.

50 kil. of this mineral, placed in a graphite

crucible has yielded 27 kil. of steel, of

which M. Galy Cazalat presented specimens
which had been recognized as superior to

steels, costing 1,500 francs per ton. The
ore is costjy by reason of the difficulty of

separation from the sands which contain it

in small proportions. The separation is

effected by crude washing, which yields a
sand containing 20 per cent of ore, after the

first washing, and 60 per cent after 5 or 6
washings. It is still further eliminated by
magnets, until it reaches 80 per cent. M.
Galy Cazalat had succeeded in obtaining

this ore quite pure, and purposes treating it

in a reverberatory furnace, through the roof

of which are ten openings, arranged in two
lines. By these openings the charge of pig

iron is introduced, and when this is melted,

plate iron tubes are let down through the

openings into the melted bath. These tubes

are closed at the lower ends, and coated with
an extremely refractory ganister. They are

charged with titaniferous ore, which does
not melt at the temperature of the furnace,

but if a current of air and dry steam be
passed into the melted bath, they will agi-

tate it, and give rise to an intense combus-
tion, resulting in an enormous temperature,

which melts the ore in the crucible tubes,

converting it into a clear, limpid steel, as

free from air holes as Krupp's crucible steel.

Thus are produced at once, steel in the cru-

cibles, and wrought iron in the furnace, and
the operation may be repeated and continued

indefinitely.

M. Lencauchez thought the assertions of

M. Galy Cazalat were exaggerated. He
doubted the ameliorating influence of titan-

ium, and did not think the specimens re-

markable. He did not think the proposed
apparatus would withstand a series of opera-

tions involving such enormous temperatures

as M. Galy Cazalat spoke of.

As to the systematic use of powder for re-

ducing blow-holes, he thought it scarcely

practicable, and much inferior to the hydro-

static press working at 600 atmospheres.

Porous steels are steels poorly made. By
using bases which can absorb the oxide of

iron produced in the bath, we may escape

the reaction of the latter upon the remaining

carbon, and thus, the formation of cavities of
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carbonic oxide. The use of fluxes seemed
to him a simple and certain method of ob-

taining steel free from air holes.

M. Jordan thought it might be advisable,

in following up the discussion, commenced
at the previous session, upon the communi-
cation of M. Galy Cazalat, to explain thor-

oughly the theory of heating baths of cast

iron by intermolecular combustion, in cer-

tain systems of refining, and to correct the

erroneous opinions which had been dissemi-

nated with reference to refining by steam.

He also regarded it as his duty to defend

the French forgemasters from the charge of

having wasted millions of money by adher-

ence to a false theory. He would not re-

vert to the historical questions raised at the

last session, and he had spoken of them only

because Mr. Bessemer was not represented,

and because he believed himself well ac-

quainted with their history, from having
studied them conscientiously and impartially.

He then read a note upon refining by air,

steam and oxygen, treating of the processes

respectively of Bessemer, Galy Cazalat and
Heaton.

1. With reference to steam.

Assuming that'a bath of 1000 kil. of melt-

ed gray iron is at the temperature of 1400°,

containing* 1000 (1200X .17+46+200

X

.21) =298000 calories: it will require 210
calories to produce a variation in tempera-

ture of 1°, and the loss of 42000 calories

will reduce the iron to the temperature of

fusion.

Let us examine successively the combus-
tion of iron, of the carbon, and of the sili-

cium.

Combustion of the iron.—For each centieme

(10 kil.) of iron burned, there will be re-

quired ^= 2.875 kil. of oxygen, which will

produce 12.857 kil. of oxide of iron, develop-

ing, according to Dulong, 2.857X^327 =
12362 calories. The oxide of iron formed,

of which the capacity for heat (.17) is very

* The temperatures of fusion of various kinds of
cast iron are : white iron 1050° C; graphitic gray
iron 1200° C; gray manganiferous iron 1250° C.
The specific heats (capacity for heat):

Wrought iron between and 100° 109
" " " and 350° 125

Cast iron, white, slightly carburized 127
" " '' much " 129
" " gray, between and 200° 130
" " " " and 1000° 170
" " " liquid 210
The latent heat of fusion of ordinary gray iron is

46 calorics.

considerably greater than that of wrought
iron (.11) will absorb, in order to take the

temperature of the bath, at least (12.857X
.17—10X -11) 1400 = 1520 calories.

There will then remain, of available heat

from the combustion of the iron, only 10840
calories.

But, to obtain 2.857 kil. of oxygen, there

will *be necessary 3.214 kil. of vapor of wa-
ter, containing .357 kil. of hydrogen. This
steam, assumed to be dry at 100°, will ab-

sorb, in decomposition, 29512 x .357= 10538
calories, and the hydrogen being eliminated

after being heated to 1300°, will carry away

.357X3.40X1300=1578 calories, making
the total loss 12116 calories. The gain in

heat being, as above, 10840 calories, it is

clear that the bath will ultimately lose 1276
calories for each centieme of iron burned by
the steam. This loss cannot be re-supplied

by superheating the 3.214 kil. of steam, since

it would be necessary (the capacity for heat

of the steam being .475) to raise it to about

850°, and M. Jordan does not believe that

steam can be practically heated beyond 600°.

The combustion of the manganese gives

the same results as that of iron.

Combustion of the carbon.—For each 10

kil. of carbon there would be required 13.333

kil. of oxygen to produce 23.333 kil. of car-

bonic oxide. The combustion may be direct

or indirect, that is, effected by the interven-

tion of oxide of iron ; but, as Mr. Brull re-

marked, the quantity of heat developed will

always be that due to the formation of car-

bonic oxide. The result of this combustion

will be 10x2473=24730 calories, and the

oxide of carbon resulting from 10 kil. of car-

bon heated to 1400°, will absorb, in elimi-

nation, a quantity of heat equal to (23.333X
.2479—10X -241) 1400= 4718 calories. The
gain of heat to the bath will be only 24730
—4718=20012 calories.

To obtain 13.333 kil. of oxygen, there will

be required 15 kil. of steam and 1.667 kil. of

hydrogen; the decomposition of the former

absorbing 1.667x29512= .49187 cal., and

the eliminated hydrogen carrying off 1.667

X 3.40X1300= 7367 calories. The total

loss, therefore, will be 49187+7367= 56554
calories. Hence, the actual loss to the bath

will be 56554—20012= 36542 calories.

Combustio7i of silicium.—For each 10 kil.

25
of silicium there will be required 10 X ~t~*

= 11.16 kil. of oxygen, which will form 21.16

kil. of silicic acid, developing 80000 calories,

if we admit that the calorific power of sili-
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cium is equal to that of carbon completely

burned. Silicia acid, by reason of its capa-

city for heat differing from that of silicium,

will absorb a quantity of heat about neces-

sary to bring the 11.16 kil. of oxygen to the

temperature of the bath ; that is to say,

11.16x .218X1300= 3160 calories. The
bath will then gain 76840 calories. To ob-

tain 11.16 kil. of oxygen will require 12.555

kil. of steam, setting at liberty 1.395 kil. of

hydrogen : the heat absorbed by the decom-
position being 1.395x29512=41169 cal

,

and that carried off by the hydrogen 1.395 X
3.40X1300= 6166 calories, the total loss to

the bath will be» 47335 calories. The total

gain, therefore, is 76840—47335 = 29505
calories.

Refining by steam.—Let us now apply the

foregoing data to a bath of 1000 kil. of cast

iron, of which we will suppose the composi-

tion to be similar to that of one of the good
Bessemer irons fabricated at the establish-

ments of Terrenoire St. Louis, Grivors, &c.

1000 kil. will contain 42.50 kil. of carbon,

20 kil. of silicium, 937.50 kil. of iron and
manganese. Suppose the operation to be
the regular practice, viz : completely decar-

burizing, and partially recarburizing. The
loss being 15 per cent, we shall obtain 850
kil. of pure iron by burning 87.50 kil. of iron

and manganese. Introducing the steam in

minutely divided jets, cut off from all extra-

neous sources of heat, and thoroughly dry,

the gains and losses will be :

Loss.

155303
11165

Centiemes.
Silicium 2

Carbon 4.25
Iron 8.75

Totals

Gain.

59010

59010 166468

Net loss 107458

The capacity for heat of cast iron being
about .16, it will be seen that the tempera-
ture of the bath would be reduced more than
650°, without taking into account the exte-

rior cooling of the vessel. The result would
be only a mass of pasty iron commingled
with oxide and silicate of iron. It is true,

that the figures, 107458 calories, above given,

are somewhat exaggerated, because the hy-
drogen and carbonic oxide issuing from the

bath are probably at a lower temperature
than 1400°; but it will be seen that, assum-
ing this gas to issue at 500° to 600°, the loss

of heat will still be more than 60000 calories,

and that without accounting for the exterior

cooling of the converter, which exercises an
important effect.

When an operation of this kind is observ-
ed, there will be noted, at first, an increase

of temperature, due to the combustion of the
silicium, which takes place first : but the
commencement of the decarburization re-

duces the temperature to such a degree that
the molecules of the mass lose much of their

mobility, the subsequent reactions work
badly, and the refining is not completed in

a homogeneous manner throughout the mass.
Furthermore, in spite of all precautions, an
excess of steam will inevitably be introduced,
which adds greatly to the rapidity of the
cooling. Refining by steam cannot succeed
with Bessemer irons any better than with
ordinary steel irons (those containing man-
ganese highly carburized and slightly sili-

cized). To avoid a reduction of the theo-
retic temperature, always less than the real

reduction, there is required a cast iron with
little carbon, and much silicium ; for exam-
ple, 4 per cent of the latter, and 2 to 3 per
cent of the former. But such irons are very
exceptional, resulting from a very dry pro-

cess, which a furnace cannot maintain with
impunity. Moreover, as they can be obtained
only from ores relatively poor, such as those
of the secondary and tertiary formations,

they will always contain more or less phos-
phorus.

It will now be understood why the great

establishment of Dowlais, in Wales, after

experimenting several months with steam
refining, both in the finery fire and puddling
furnace, has given it up, notwithstanding the
hopes and anticipations of Mr. Ghiesfc. Mr.
Truran, the engineer of this establishment,

asserts that the injection of steam cools the
bath. Mr. Nasmyth, the distinguished me-
chanic, has arrived at the same conclusion.

Mr. Percy, professor of metallurgy in the
School of Mines at London, who was ac-

quainted with the experiments at Dowlais,
and with those of Nasmyth and Parry, also

declares that steam will not raise the tem-
perature of the bath. The fruitless attempts
in Prance during the last twelve years have
shown nothing contrary to the results previ-

ously obtained in England. It has been
hoped that, in steam refining, the hydrogen
might be utilized in purifying the metal from
sulphur and phosphorus. M. Jordan was
unaware of any authentic experiments or

analyses serving to show that such was the

case. He much doubted the efficiency of

hydrogen to remove these elements dissemi-

nated in small quantities throughout the en-

tire mass. A current of hydrogen passed



1006 VAN NOSTRAND'S ENGINEERING MAGAZINE.

through a porcelain tube, over sulphur, at a

high temperature, is far from converting it

completely into sulphydric acid, and if the

latter is passed over red-hot iron it parts

with the sulphur, as is well known. The
affinity of hydrogen for phosphorus is not

great.

M. Jordan concluded his remarks by
stating, that refining by steam is much infe-

rior to refining by the pneumatic process for

the purpose of making steel. He remarked
upon the importance of the function of sili-

cium. This is the all-essential element of

combustion. Steel makers classify their

irons into " cold" and " hot" irons, accord-

ing as they contain little or much of it. He
presented two specimens of iron to the So-

ciety ; one a gray Bessemer iron—the " hot"

variety, containing 2 to 3 per cent of sili-

cium, recognizable by its gray starry grain,

smelted at the St. Louis furnaces near Mar-
seilles, for the Imphy Steel Works ; the

other a specular variety, or spiegeleisen, con-

taining 8 to 10 per cent of manganese, essen-

tially a "cold" iron, easily recognizable by
its large crystalline facets, and made at the

same furnaces for the steel works on the

Loire.

SURMOUNTING RAILWAY INCLINES.
From the "Building News."

To be obliged to start a heavy train upon
a stiff incline, in damp weather, when the

rails are slippery, or what is technically

known as "greasy," is a task hated of en-

gine drivers. If possible, they invariably

back on to the level, so as to get a bit of a

run at the gradient. In fact, to employ a

homely simile, there is exactly the same dif-

ference in the two instances referred to as in

a man's taking a " standing " and a "run-
ning " jump. If the inclines on railways

could be so arranged that every ascending

gradient should be preceded by a descending

one, in other words that the two should meet
at the lower level, the impetus acquired in

the descent would materially assist the sub-

sequent ascent. There are undoubtedly
some instances where this desirable result

obtains, but they are, in all probability,

occasioned more by accident or necessity

than by design. The steeper the incline the

greater must be the adhesion of the wheels

on the rails. Hence the innumerable pat-

ents and inventions for accomplishing this

purpose, which climaxed in the introduction

of the middle rail and extra wheels. In one
sense weight and adhesion are synonymous

terms, but to gain the necessary amount of
adhesion by simply increasing the weight,
would be to employ a remedy worse than the
evil, as the difficulty is to get the weight
itself up the hill. The experiments at Mont
Cenis have quite thrown into the shade any-
thing that has been done at home in the way
of surmounting inclines, although we have
in latter days distinguished ourselves in the

art of making steep railway gradients to a
degree that would have appalled our prede-

cessors in that particular branch of engineer-

ing. A trial is to be made on the French
side of Mont Cenis of the system of an Italian

engineer, M. Agudio, for working sharp in-

clines on mountain summits. This principle

has been employed for some years upon the

Turin and Genes Railway, and the experi-

ence gained during its application there has

enabled the inventor to remedy the imper-
fections, correct the errors, and introduce

those modifications and improvements which
are indispensable to the success of every

newly-tried mechanical invention.

Steep gradients are essential to the system
of M. Agudio. He reconciles the differ-

ences of level by inclines of 1 in 10, and
presses into his service the resources that

nature has placed at his disposal, instead of

employing means wholly artificial for accom-
plishing his purpose. The natural forces or

motive power to be found in mountainous
districts is utilized by hydraulic machines
placed one at the summit, and the other at

the bottom of the incline. From these the

power is transmitted by the agency of steel

telodynamical cables, working at a high velo-

city, to a locomotive, or, rather, locomotor,

which is placed at the head of the train. As
no boiler is required, the weight is very

small in comparison with that of an ordinary

locomotive, being restricted solely to that

necessary to provide for the moving parts.

At the same time, a certain amount of adhe-

sion is absolutely indispensable, especially on
inclines of the steepness already mentioned.

In order to effect this, there is, first of all,

the weight of the engine. Secondly, this

weight is rendered more serviceable by being

carried on eight wheels ; and, thirdly, there

are six horizontal wheels introduced, which

by means of springs are caused to press

against a central rail, similarly to the well-

known Fell system. Powerful brakes are

supplied to guard against contingencies in

descending the inclines. A grant has been

made by the Imperial Government of nearly

£10,000 for carrying out this principle at
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Mont Cenis, and a similar subvention of the

same amount has been given by the Italian

Government. The particular section of the

Mont Cenis Railway to which this system is

to be applied commences at Lanslebourg, a

station on the Fell road, crosses the river

Arcq, and ascends the sides of the hill by
nearly the same route as that occupied by
the lines of telegraph. A succession of

sharp curves from 450 ft. to 900 ft. radii,

and an equal number of heavy gradients,

bring the new section to the summit, where
it rejoins the line of Fell. This route has

been adopted by M. Agudio in order to

demonstrate the great advantage of his sys-

tem over others in use in similar arduous
localities. The total difference of level be-

tween the starting point and the summit
level is 2,296 ft., and this is accomplished
in a distance of 2.2 miles, whereas 7.5 miles

is the distance required by Mr. Fell to rise

the same height. The length of line, and
cceteris paribus, the cost is, therefore, in the

latter instance, about three and a-half times
that in the former. One of Fontaine's tur-

bines constitutes the prime motor. It is fed

by the waters of the Arcq, which are col-

lected and stored in a reservoir containing

900,000 gallons of that fluid, the whole of

which is capable of being run off and replen-

ished six times a day, thus affording six

ascents and six descents in the twenty-four

hours. Each ascent will occupy about a

quarter of an hour, and will of course be
made without any interruption en route. The
load taken up will in round numbers equal

sixty tons. It is stated that the Fell loco-

motive requires an hour to perform the same
journey, that is, so far as the difference of

level is concerned, and conveys only one-

fourth of the load between the same termini.

M. Agudio calculates that the ordinary pas-

senger trains, which will weigh considerably

less than sixty tons, will " do " the journey
in ten minutes. At the present day, when
engineers have exchanged the old principle

of adapting the road to the locomotive for

the more modern practice of suiting the lo-

comotive to the road, any proposed improve-

ment in that direction is deserving of careful

and impartial consideration. We trust, in

another article, to record the result, and we
hope, the success of the proposed experimen-
tal line.

Steel Manufacture.—The discussion

before the French Society of Civil En-
gineers will be read with interest.

On the Selection op Building
Stones, and the Causes op Their

Decay.—In the selection of building stones

for the exterior walls of a building, color,

texture and durability are the objects of the

first importance ; and all of these ought to

be combined to render the structure perfect.

Too little attention has been given to the

subject of building stones ; and while on the

one hand we are largely using a brown
stone, which gives a sombre, cheerless as-

pect to the structure, the opposite extreme
has been sought in the white marble, or

that which is more nearly white in color.

In contrast with these, we have the red,

glaring color of brick ; and it is only partially

that this offensive aspect is palliated by
painting of neutral tints. In a few eastern

cities and towns we find the light gray gran-

ites now used in preference to the brown free-

stone, the white marble, or the dark granite

which have been much in use in past years.

No one can fail to experience the sensa-

tion of relief afforded by the structures of

light colored granites in the city of Boston,

or those of the buff or dove colored lime-

stone in the city of Chicago, or of the light

gray freestone of many buildings in Cleve-

land and other places, and of the buff colored

brick of Milwaukee. In these cases we
have not the excessive reflection of light, or

the glare which comes from white buildings,

whether of marble or of painted brick, nor

the sombre cheerless expression of the

darker stone, caused by its great absorption

of light. It is only necessary to consider

the effects produced by the structures of

these different materials upon one's own
sensations, in order to determine what are

the most agreeable tints, or those which

please the eye and produce a cheerful im-

pression upon the mind-

In the majority of structures the necessi-

ties of locality, cheapness, or other causes,

compel the erection of structures from ma-
terials most accessible ; but these considera-

tions are not imperative in the case of an

important public building.

In many cases where the rock is homoge-
neous throughout, and the color uniform and
satisfactory, it is only to be inquired whether

the coloring material is such as will produce

decay or disintegration of the particles.

When the general color is produced by the

aggregation of different materials of distinct

coloration, the character of each one is to be

considered, and its effect upon the whole

;

and it is important to have such material
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comparatively fine-grained, and the different

parts as uniformly mingled together as pos-

sible. As a general rule, it is only in the

darker stones that the coloring matter has

any tendency to disintegrate the mass.

In the selection of building stones, the

simple presentation of a sample is not

enough. The rock in place should be ex-

amined in the outset ; for in its natural out-

crops it has been exposed to the action of

the weather, in all its influences, for many
thousands of years. One of the principles

taught in elementary geology is that the

soft and decomposing rocks appear in low

rounded or flattened exposures, or entirely

covered by the soil or their own debris,

forming no conspicuous feature in the coun-

try ; while on the contrary the harder rocks

stand out in relief, producing marked and

distinguishing features in the landscape. It

not unfrequently happens that the geologist

having familiarized himself with the succes-

sion and character of the rocks of a particu-

lar locality or neighborhood, by seizing the

features and character of the prominent
beds, is able to trace them in succession

along the escarpment or mountain range as

far as the eye can reach, and to approach
them from any distant point with assurance

that he has not been deceived.

The strata which make these features in

the landscape are the ever enduring rocks,

which have withstood the action of the

atmosphere through a period a thousand
times longer than any structure of human
origin. One cannot doubt that if properly

placed in any artificial structure, they would
still withstand the action of the elements.

These escarpments, in their natural situa-

tion, may be coarse, rough and forbidding,

more or less dilapidated or unequally dilapi-

dated from the effects of time ; but as they

there present themselves, we shall be able

to see their future in any structure exposed
to the same influences.

It is true, however, that no artificial

structure or position will ever subject the

stone to the same degree of weathering influ-

ence to which it is exposed in its natural

position, but the same changes in degree

will supervene upon any freshly exposed
surfaces. In its natural position the bed
has been encased in ice, washed by currents,

saturated with rains and melting snows,

frozen and thawed, and exposed to the ex-

treme of summer heat without mitigation.

The rock which has withstood these influ-

ences is quite equal to withstand the expo-

sures of a few centuries in an artificial struc-

ture. Yet there are occasionally modifying
influences and conditions which have some-
times subdued the permanence of a durable

stone, and given preference to others less

durable. It therefore becomes necessary to

carefully examine all these conditions, and
to determine not only from the rock in place,

but also from its physical constitution,

whether it will meet the requirements of

the structures proposed.

It not unfrequently happens, in working
a quarry, that layers are reached which have
not been exposed to the weather, and it is

then necessary to test the strength and
power of endurance of the stone. This may
be done by repeated exposure to freezing

and thawing, by testing the strength or

power of resistance to pressure, etc. The
exposure to freezing and thawing will not

only determine its power of resisting the

action of the weather, but will determine

also whether such foreign ingredients as

iron pyrites may exist in the mass. Chemi-
cal analysis may be resorted to, for the pur-

pose of comparison with specimens of known
composition and durability ; but chemical
analysis alone cannot determine, without
other testing experiments, the strength or

power of endurance of the stone.

In some countries, and in certain locali-

ties in our own country, the evidence ob-

tained from ancient structures is available

in determining the durability of the stone

which has been used. Yet it would seem
that this information has been of little avail

in many places, where the rebuilding of

edifices is repealed every century. Expe-
rience, in many cases, does not teach the

lesson anticipated ; and when a dilapidated

structure is pointed out, the argument is

made that " these stones were not well se-

lected," or they were obtained " at the first

opening of the quarry, and were not as good
as now furnished." And again, as already

remarked, there are few cases in which par-

ties are permitted to select the material

without prejudice, the .influence of interest,

or the absence of important information.

Examples are everywhere before us of the

improper selection of materials for buildings,

and these examples do not deter from their

use in the erection of others. When good
material is abundant and accessible, it will

be used ; in other situations, comparatively

few durable structures are likely to be

erected.

—

From Prof. James HaWs Report

to the Neiv York Capitol Commission.
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EXPERIMENTAL RESEARCHES ON THE
MECHANICAL PROPERTIES OF STEEL.

A paper read before the British Association at Exe-
ter, by William Fairbairn, L.L. D., F. 11. S.

In my last report I had the honor of sub-

mitting to the Association an experimental

inquiry into the mechanical properties of

steel obtained from different sources of manu-
facture in the United Kingdom. On that

occasion several important experiments were
recorded from specimens obtained from the

best makers, and bars were received from
others, the experiments on which were in-

complete at that time. Since then I have

had an opportunity of visiting the important

works at Barrow-in-Furness, and from these

I have received bars and plates of different

qualities for the purpose of experiment, and
such as would admit of comparison with

those recorded in my last report. I have
also received specimens from Mr. Heaton
for experiment, illustrations of the new pro-

cess of conversion from crude pig iron—of

different grades—to that of steel, as exhib-

ited in the results contained in this report.

In every experimental research connected

with metals it is necessary to ascertain as

nearly as possible the properties of the ores,

the quality of the material, and the processes

by which it is proved. On most occasions

this information is difficult to obtain, as in

every new process of manufacture there is a

natural inclination—where the parties are

commercially interested—to keep it as long

as possible to themselves, and hence the

reluctance to furnish particulars.

Of this, however, I can make no com-
plaint, as Mr. Bessenger, the Barrow Com-
pany, and Mr. Heaton have, unreservedly,

not only opened their works, but they have
furnished every particular required, includ-

ing chemical analyses relative to the proper-

ties of the ores, and the processes by which
they are reduced.

From this it will be seen that in some of

the experiments, I have had the privilege of

recording the chemical as well as the me-
chanical properties of the specimens, which
have been forwarded for the purpose of ex-

periments, and of ascertaining their respect-

ive and comparative values.

The proprietors of the Barrow Works
have confined themselves to certain descrip-

tions of manufacture on the Bessemer prin-

ciple, these being chiefly steel plates, rails,

tyres, and girders. From the nature of the

ore and fuel, the latter of which is chiefly

Vol. I—No. 11.—66.

brought by rail from the coal fields of North-

umberland and Durham, a description of

highly refined homogeneous steel is pro-

duced, and as this manufacture is intended for

purposes where tenacity and flexibility are

required, it would not be just to compare it

with other descriptions of manufacture where
the object to be attained is hardness ; such,

for instance, as that employed for carriage

springs and tools. The description of iron

required for rails, beams, girders, &c, is of

a different character ; tenacity, combined
with flexibility, is what is wanted, to which
may be added the power to resist impact.

The same may be said of wheel tyres and
other constructions where the strains are se-

vere, and where the material is sufficiently

ductile to prevent accidents from vibration,

or those shocks and blows to which it may
be subjected. Keeping these objects in

view, the Barrow Company have, to a great

extent, been limited to this description of

manufacture ; and judging from the duc-

tility of the material as exhibited in the ex-

periments, there is little chance of accidents

from brittleness when subjected to severe

transverse strains, or to the force of impact.

In calculating the value of the hematite

steel we have been guided by the same for-

mulae as adopted for comparison with similar

productions from other works. Very few
of them, however, would admit of compari-

son, as no two of them appear to be alike.

The hematite steel is manufactured at the

Barrow Works for totally different purposes

from those of other makers, and, having the

command of a variety of ores for selection,

as maybe seen from the analysis of the ores,

as well as the Tables, the desired quality of

the steel can be obtained at pleasure.

We have therefore submitted the different

specimens to the same tests as those received

from other makers, not only for the purpose

of ascertaining wherein their powers of re-

sistance differ, but also wherein consists

their superiority, as regards deflection,

elongation, and compression, from all of

which may be inferred the nature and prop-

erties of their different structures, and the

uses to which they may be applied.

It is for this purpose we have applied the

same formulas of reduction to each particu-

lar experiment, as in the other cases, and
the results have been embodied in the sum-

maries.

As the Bessemer principle of manufactur-

ing direct from the ore is calculated to pro-

duce great improvements and great changes
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in the production of refined iron and steel,

and as the homogeneous properties of the

material thus produced are of the very first

importance as regards security, &c, it is

essential to construction that we should he

familiar -with the mechanical properties of

the material in every form and condition to

which it may be employed.

For this purpose I have given all the va-

rious forms of strain, excepting torsion,

which is of less moment, as the strains

already described involve considerations

which apply with some extent to that of tor-

sion, and from which may be inferred the

fitness of the material for the construction

of shafts and other similar articles to which
a twisting strain applies.

The great advantage to be derived from
the Barrow manufacture of steel, to which
we have referred, is its ductility combined
with a tensile breaking strain of from 32 to

40 tons per square inch. With these quali-

ties I am informed that the proprietors are

able to meet the requirements of a demand
to the extent of 1,000 to 1,200 tons of steel

per week, which, added to a weekly produce
of 4,500 tons of pig iron, enables us to form
some idea of the extent of a manufacture
destined in all probability to become one of

the most important and one of the largest in

Great Britain.

In this extended inquiry I have endeav-

ored to deduce true and accurate results

from the specimen with which I have been
favored by the Barrow Company. In the

same manner I have now to direct attention

to the product of an entirely new system of

manufacture, introduced by Mr. Heaton, of

the Langley Mill, near Nottingham.
The experiments on this peculiar manu-

facture require a separate introductory no-

tice, as the process of conversion is totally

different to that of Bessemer, the puddling

furnaces, or that of the old system of char-

coal beds.

For the finest description of steel, the old

process of conversion -is still practiced at

Sheffield, a fortnight to three weeks being

required for the conversion of wrought iron

into steel, and, with the exception of Mr.
Siemens' reverberatory gas furnace, there

had been no improvements made on it, until

Mr. Bessemer first announced his invention,

by means of which melted pig iron was at

once converted into steel.

By the old process the metal was first de-
prived of its carbon and reduced to the mal-
leable state, when it was rolled into bars

and retained from fourteen to twenty-one
days in charcoal beds, until it had absorbed,

by cementation, the necessary quantity of
carbon.

The new process of Mr. Heaton, unlike

that either of Mr. Bessemer or cementation,
simply deals with the pig iron, and, accord-
ing to his own statement, eliminates the
superfluous carbon, so that steel is in the
first place produced, and thence wrought
iron of a still further elimination of the
carbon.

This is very different to the puddling or

the Bessemer processes, of which the former
was tedious and expensive, whilst in the
latter the pig iron was rendered malleable
without any additional fuel, and ready for

the hammer or the rolls in a very short space
of time.

In so important a branch of metallurgy it

would be remarkable if Mr. Bessemer had
hit upon the only feasible means of convert-

ing iron into steel. Other minds have been
inspired in the same direction by Mr. Bes-
semer's success, and the admixture of metals
to effect a transmutation, has been assumed
in many forms and proportions, so as to in-

crease our knowledge aud lessen the cost of

production.

Amongst these is the new process of Mr.
Heaton, the detailed description of which is

given in a pamphlet by Dr. Miller, a copy
of which is annexed. In addition to Dr.
Miller's statement, Mr. Robert Mallet re-

ported on the subject, and expressed himself
highly satisfied with the results, both as

regards the chemical and physical properties

of the metal, and having been present at the

experiments made at Mr. Kirkaldy's testing

machine, he states the result as under

:

Heaton's steel iron

.

" cast steel.

Rupturing strain

in tons per sqr,

inch of section

22.72
41.73

Extension of rup-
ture per cent, of
original length

per in.

21.65
7.20

The results recorded in the above Table
for cast steel are somewhat below the results

obtained in my own experiments, being in the

ratio for breaking strain—44.94 : 41.73, or

as 1 to .936 nearly.

The whole of these experiments appear to

be correct, and assuming the statement of

cost to be equally satisfactory, we arrive at

the conclusion that, "taking steel from the

furnace in ingots, or made into steel rails or

bar iron, or in any other form or ordinary

manufacture, the net cost of production,



VAN NOSTRAND'S ENGINEERING MAGAZINE. 1011

after adding 10 per cent for management,
including all cost of labor, fuel, and mate-

rial, and making all allowances for wear and

tear, and the like, is several pounds sterling

per ton under the present market prices of

the several descriptions of the metal." And
this will be sure to be a matter of surprise

when it is taken into consideration that (to

repeat the words of Mr. Mallet) "steel can

be produced from coarse low-priced brands

of crude pig irons, rich in phosphorus and
sulphur ; thus wrought iron and cast steel

of very high quality have been produced

from Cleveland and Northamptonshire pig

irons rich in phosphorus and sulphur, and

every ironmaster knows that first-class

wrought iron has not previously been pro-

duced from pig iron from either of these

districts, nor marketable steel at all. With
these observations, I have now to refer to

the drawings of the furnaces and apparatus,

which I have attached in illustration as an

appendix. In conclusion I may state that,

looking at this new process, and its further

development as a step in advance of that

which has already been done by Bessemer
and others, we may reasonably look forward

to a new and important epoch in the history

of metallurgic sciences.

Before entering upon the experiments, it

will be necessary to repeat the formulas of

reduction as given in the previous report of

1867. This appears to be the more requi-

site, as it may be inconvenient to refer to

the Transactions of 1867, where it was origi-

nally introduced.

Formulae of Reduction.

For the Reduction of the Experiments on
Transverse Strain.

When a bar is supported at the extreme-

ties, and loaded in the middle.

E=- (1).
4:6Kd2

where I is the distance between the supports,

K the area of the section of the bar, d its

depth, w the weight laid on, added to five-

eights the weight of the bar, 6 the corre-

sponding deflection, and E the modulus of

elasticity.

When the section of a bar is a square,

(2).E=
4:dd*

These formulas show that the deflection,

taken within the elastic limit, for unity of

^
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pressure, is a constant, that is, — =I>, a
IV

constant.

t x d, °*, o*i 1.Let -J, -J, . . . . — be a series

of values of D, determined by experiment in

a given bar : then,

D=A(A+A . ., +±\ ..(3),
n \ w iv

^

iv I

which gires the main value of this constant

for a given bar.

Now, for the same material and length,

— , or D a,—- .... (4).
iv Iv a

and when the section of the bar is square,

— , or D a, _ . . . . (5).
w a-

If D, be put for the value of D, when

d=l, then,

T)=Dd\

=1(A+A . .
+M^.

( 6),
n \w

1
w

2
wj

which expresses the mean value of the de-

flection for unity of pressure and section.

This mean value, therefore, may be taken

as the measure of the flexibility of the bar,

or as the modulus of flexure, since it meas-

ures the amount of deflection produced by

a unit of pressure for a unity of section.

Substituting this value in eq. (2), we get

E=ir (7) >

which gives the mean value of the modulus
of elasticity where D is determined from
eg. (6).

The work, U, of deflection is expressed

by the formula,

UHlxwXy^ . . . (*),

where 6 is the deflection in in. correspond-

ing to the pressure, w in lbs. If iv and 6
be taken at or near to the elastic limit, then
this formula gives the work, or resistance

analogous to impact, which the bar may un-
dergo without suffering any injury in its

material. This formula reduced to unity of

section becomes

U=£| ...... (9).

If C be a constant determined by exper-

iment for the weight, W, straining the bar
up to the limit of elasticity, so that the bar
may be able to sustain the load without in-

jury, then

WL=CKd .... (10),

where C=|S, or f of the corresponding re-

sistance of the material per square inch at

the upper and lower edges of the section.

C=i#f .... (11).WJ
When the section of the bar is a square,

C-S <12) >

which gives the value of C, the modulus of

Table No. II. Summary of Results of the Experiments on Transverse Strain.

a
o
a

<u

a.
M

Manufacturers.
pq

Date of

Experi-
a ° »

— Or- .

<B 1

^ 'S ,A

°3 •

CP
a> tM Ed
3 o M

* § 2
w S*ph •

1—
' o oo

a *, Vo ~ cr1

•.saw
gS is

ft 5 -g

a •-

.2 o

SB *£ ,4.

ft j^

."5 -B

« M
ft a

©
is

W
o

13
o

ment.

5* 2 •

*^W
3W~W

o o -5
_ai
— to

o a d-1

^t>W
O-S ST"

<B O W
o 03

* » £ o-1

CD *rl .r-t o l>> o >>
& f=W c3 i« >>

>> O r"=

Tons.
1 The Barrow Hematite Steel Co. HI June, 1866 .001308 30,096,000 33,830.000 77.944 77.917 6.860
2 do do H 2 do .001280|30,754,000 34,443,000 14.242 14.383 3.105
3 do do 113 do .001319 29,717,000 32,717,000 20.155 19.757 3.540

4 The Barrow Hematite Steel Co. II 1* Jan., 1868 .001383 28,460,00031,740,000 21.200 18.480 3.225
5 do do H 2* do .001384 28,440,000 28,610,000 28.280 25.950 3.938
6 do do H3* do .001406128,090,000 29,000,000 24.250 23.490 3.781
7 do do H 4* do .001330 29,600,000 28,590,000 28.280 28.280 4.315
8 do do H 5* do .00165S!23,740,000 25,720.000 34.030 30.810 4.108
9 do do H6* do .001595 24,680,000 23,550,000 34.420 31.730 4.112

10 The Heaton Steel Company .... 1 April, 1869 .001481 26,580,000 26,060,000 88.250 83.410 6.831
11 do do 2 do .001354 29,070,00029,640,000 108.400 101.100 7.819
12 do do 3 do .001419 27,740,000 26,160,000 105.900 102.300 8.028
13 do do 4 do .001295 30,400,00035,120,000 102.300 100.300 8.094
14 do do 5 do .001351 29,140,00031,140,000 85.440 81.600 7.209
15 do do 6 do .001372 28,690,00027,590,000 80.210 77.130 6.925
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strength or the unit of working strength, I limit ; this value of C gives the comparative
W, being the load determined by experi-

j

permanent or working strength of the bar.

ment, which strains the bar up to its elastic

'

Table No. III. Summary of Results of the Experiments on Tensile Strain.

m

p.w
T3
a
s
o

a
O

cS

ij2

a

©

K
O

d

Manufacturers. u

w
c
o
Mu
a

Date of

Experi-
ment.

">

cS
f-i

O
CO fl

o fl
o a
p.'S
CO

a

a
o

'3

'3

Breaking
Strain per
square inch
of Section.

5 5
be 1-3

3 °
H ."5

° 5

03
.

t. i-
*- o
O p.O

— ©
O l-c

„ 3

Oft
o i-

o be

»o
J* 5

Remarks.

Lbs. 1 Tons.
1 The Barrow Hematite Steel Co. H 1 June, 1867 7.7006 40,594 93,38341.700 .0406 1895 Broke in neck.
2 do do H 2 do 7.771030,304 89,72436.030 .0866 3495 Broke in center.
3 do do H3 do 7.7899:30,304 68,607j30.630 .0656 2250 Broke l^in. from

neck.

4 The Barrow Ilematite SteelCo. II 1* Jan., 186b 7.703730,304 66,28129.590 .1858 6157 Broke in center.
5 do do H2* do 7.7978 33,574 72,341 32.690 .0312 1141 Broke 2 in. from

center.
. 6 do do H3* do 7.7952 32,014 68,758 30.690 .0812 2791 Broke l^in. from

neck.
7 do do H4* do 7.7956 35,334 75,736 33.810 .0906 3430 Broke in neck.
8 do do H5 do 7.8654 33,574 74,016 33.040 .0765 2831 Broke 1 in. from

|

center.
9 do do H6* do 7.8159 35,124 75,120 33.530 .1000 2756 Broke in center.

10

1L
The Heaton Steel Company ..

do do
1

2

April, 1869
do

7.825541,104
7.8176 42,199

93,545
93,526

41.761
41.752

.0390

.0312

1824 Broke in neck. *

1459jBroke in neck;

12 do do 3 do 7.8153 49,459 113,178 50.526 .0937 5302 Broke 2 in. from
center.

13 do do 4 do 7.8003 45,828 134,869 46.816 .0364 1908 Broke in neck.

14 do do 5 do 7.812844,144 98 , 866 44 . 136! . 0937 4631 Broke near neok

.

15 do do 6 do 7. 816646, 924J105,093|46. 915;. 104l;5461 Broke 2 in. from

1

|
neck.

Table No. IV. Summary of Results of the Experiments on Compression.

a
a
a

1 <*-c

s
°

O ."

a a,

r

Work

Crush-

by

Eq.

CD

P.
'A

Manufacturers.
H Date of

Experi-
Greatest Weight
laid on per square

°.2 c
Remarks.

Cm
O

a
o ment. inch of Section. §..2 5

c" co bOO <o a
£ ? o

CD * +J ^1

£ ^bO-2
O
53 §

o^
Lbs. Tons.

1 The Barrow Hematite Steel Co. II

1

June, 1857 225,568 100.700 .200 22,556 No cracks.

2 do do H 2 do 225,568 100.700 .450 50,752 do
3 do do H 3 do 225,568 100.700 .450 50,752 do

4 The Barrow Steel Company.... H 1* Jan., 1868 225,568 100.700 .480 54,136 No cracks.

5 do do H 2* do 225,568 100-700 .525 59,211 do
6 do do H 3* do 225,568 100.700 .474 53,459 Slight cracks.

7 do do H4* do 225,568 100.700 .392 44,211 No cracks.

8 do do H 5* do 225,568 100.700 .400 45,113 do
9 do do H 6* do 225,568 100.700 .400 45,113 do

10

11
The Heaton Steel Company . ..

do do
1

2

April, 1869
do

225,568
225,568

100.700
100.700

.333

.288
37,557
32,481

No cracks,

do
12 do do 3 do 225,568 100.700 .257 28,985 do
13 do do 4 do 225,568 100.700 .247 27,857 do
14 do do 5 ' do 225,568 100.700 .257 28,985 do
15 do do 6 do 225,568 100.700 .288 32,481 do
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Tensile Strain, tyc.

The work, u, expended in the elongation

of a uniform bar, 1 ft. in length, and 1 in.

in section, is expressed by

where 'P
1
==~=- = the strain in lbs. reduced

to unity of section, and l== y == ^ne cor"

responding elongation reduced to unity of

length.

This value of u, determined for the differ-

ent bars subjected to experiment, gives a

comparative measure of their powers of re-

sistance to a strain analogous to that of im-

pact.

By taking V
1
to represent the crushing

pressure per unity of length, and l
x
the cor-

responding compression per unity of length,

the foregoing formula will express the work
expended in crushing the bar.

We now proceed to the experiments tabu-

lated in Table No. II, upon a collection of

experimental bars, supplied from the Barrow
Hematite Steel Company and Langley Mill,

ranging from .995 in. to 1,044 in. square,

the bearings being 4 ft. 6 in. apart.

The second series of experiments refer to

the tensile strength of the steel from the

Barrow Hematite Works and from Langley

Mill, the length of the specimen being 8 in.

and the diameter practically § of an inch.

Table No. Ill, shows the summarized re-

sults.

The third series of experiments referred

to in Table No. IV, shows the power of re-

sistances of the two classes of steel to com-

pression. The average height of the speci-

mens before experiments was .970, the di-

ameter .72 in., the area being .4071 square

inches.

Abstract of Experime?its on Hematite Steel.

The strength of these bars, owing to their

flexibility, is inferior to the strength of the

other Bessemer steel bars before experi-

mented upon. Taking the average of all

these latter bars as the mean value of C,

the unit of working strength is 5.8 tons
;

whereas the constant for the hematite bars

is 4.2 tons, showing that the former are about

one-third stronger than the latter. With
about one-seventh more weight laid on the

bars, their power of restitution was meas-

ured by about two-thirds of the whole de-

flection, showing that this load was considera-

bly within that requisite to produce rupture.

Owing to the high flexibility of the hematite
bars, their modulus of elasticity is low. It

may be here worthy of observation that for

bars of the same length the modulus of elas-

ticity varies inversely as the co-efficient [J) )

of the deflection for unity of pressure and

section—that is E co-pr.

i

These bars underwent a great elongation

by a tensile strain, and a large compression

by a compressive strain, the average elonga-

tion being per unit of length .0792, and that

of compression .419 ; whereas the three

numbers for the other bars before experi-

mented upon, did not on an average exceed
.06 and .353 respectively, showing the flex-

ibility and superiority of this steel in its

powers to resist impact. The average ten-

sile resistance of the bars is about 35 tons

per square inch, whereas the resistance of

the other Bessemer bars before experimented
upon was about 42 tons, so that the tensile

strength of the latter is one-fifth greater

than that of the former.

The quality of hardness of steel and
wrought iron, may be comparatively meas-
ured by the amount of extension under a

given tensile strain, and the amount of com-
pression under a given compressive strain.

Applying this test to the results of the

experiments on the various steel bars, we
find that the hardest steel bars were the

strongest, irrespective of the companies by

whom they were manufactured. We find,

for example, that the elongation per unit of

length for eight of the best Bessemer bars

did not exceed .018, and the compression
per unit of length did not exceed .25. These
bars had a temper probably exceeding that

of spring steel, and less than that for tools.

The hematite bars are of a totally different

description of steel from that manufactured
for springs and tools, and this accounts for

their comparatively low power of resistance.

Abstract of the Experimeiits on the Iieaton

Steel.

This steel being the product of a totally

different process of manufacture from that

of all the other steel bars previously exper-

imented upon, it is a matter of great impor-

tance to know how it stands in relation to

them as regards strength and those other

properties which are peculiar to steel.

It is for this object that an abstract, sep-

arate from the Barrow steel manufacture, has

been drawn up.
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These bars, in their resistance to a trans-

verse strain, show a very decided superiority

over the steel bars before experimented upon.

For instance, the mean value of C, the unit

of working strength for these bars, is 7.49

tons ; whereas the value of the other bars

was only 5.746 tons, showing that these bars

are 1.3 times stronger than the former bars.

The value of U, or the work of deflection for

unity of section for these bars, is 90.970,
and for the other steel bars before experi-

mented upon it is only 51.696. This value

of U exhibits the power of the several bars

to resist a force analogous to that of impact.

It is therefore cleaidy shown that this steel

must be peculiarly well adapted to resist a

force of impact, considering that it is If
times superior in the quality than in that of

the previous bars.

The flexibility of the steel is somewhat
inferior to that of the former bars, the meas-
ure of flexibility, D, being for those bars

.001345, and for the other bars .001361.

The modulus of elasticity is somewhat low
for steel, although at the same time it is

very little below that for the general aver-

age.
_

This steel, I consider, is well adapted to

withstand a severe transverse strain, for it

combines the two essential qualities of great

strength and powers in its resistance to the

force of impact.

The mean breaking tensile strain per

square inch of action of this steel is 45.28

tons, whereas the value for the other steel

bars before experimented upon is 41.77 tons.

The Heaton steel is therefore 1.08 times

stronger than the average result given for

all the steel produced by other makers. The
result, while placing the Heaton steel in a

highly satisfactory position when compared
with the mean of the whole steel experi-

mented on, places it at the same time below
that produced by some of the individual

manufacturers.

The elongation of these bars was consid-

erable, and a good deal above the mean for

the other bars, thereby giving it a larger

value for the work done in breaking the bars.

These bars show high powers of resistance

to a compressive strain, all the specimens

having undergone the test of 100 tons on

the square inch, without any visible external

signs of fracture.

From this abstract, it will be seen that

this steel, manufactured by Mr. Heaton,
stands in the most favorable light in com-
parison with steel produced by other manu-

facturers ; and if it is taken into considera-

tion that two-thirds of the iron from which
the steel was converted was composed of

Northamptonshire pig iron, we may reason-
ably look forward to this invention creating a

considerable improvement in the production
and the cost of steel.

After a short review of the comparative
power of resistance of steel and iron, and
the result of some experiments with a steel

girder manufactured by the Barrow Hema-
tite Steel Company, the author adds to his

paper a detailed description of the furnace
and apparatus for the manufacture of steel

by the Heaton process, illustrated by dia-

grams of the same, and the paper concludes
as follows :

—" It is given by the patentee
—and we have no doubt correctly—that the

cost per ton of converting crude pig iron

into 'crude steel,' exclusive of the cost of
the pig, but allowing for the waste upon it

at the ratio of 60 lbs. per ton, is £2 4s. per
ton, or £1 15s. in crude steel cakes. The
cost of making it into ' steel iron ' bars/rom
the pig iron is £3 10s. per ton of finished

bars, and the cost of making into tilted cast

steel bars from pig iron is £12 15s. per ton.

We have seen the invoices of cast steel bars

of this sort sold from Langley Mill at pri-

ces equal to those now current at Sheffield

for well reputed cast steel made by cementa-
tion."

n Roads and Railways as affect-
ed by the Abrading and Trans-

porting Power of Water.—The follow-

ing abstract of a paper before the British As-
sociation, by Mr. Logan, on Indian Rail-

ways, is from the " Mechanics' Magazine ":

The author commenced by stating general

conclusions he had arrived at, to the effect

that the abrading and transporting power
of water was increased directly as the velo-

city and inversely as the depth ; also, that

when flowing water had once got its proper

load of solid matter in suspension, all ero-

sive action ceased. In short, that it was
like a balance, the load being always equal

to the power, which power, somehow or

other, increased as the velocity became
greater, and decreased as the depth of a

stream increased, Nature always adjusting

the load to the various circumstances. He
then gave a short description of the plains

and rivers of Northern India, and, by the

aid of diagrams, went on to argue that riv-

ers flowing through alluvial plains were
raising rather than lowering their beds, and,
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though this silting-up process may be very

slow, yet it was satisfactory to the engineer

to know that the foundations of his bridges

would be as safe, if not safer, a hundred
years hence, as they are now. In speaking

of the changes of the courses of rivers, he

said that there was more or less a constant

cutting going on on the concave banks of a

river, with a silting-up process on the oppo-

site side.

The next subject referred to was the de-

nudation of the high level plains of Northern
India, called " Doabs " (two waters), and
locally known by the name of " Bhanger "

land, in contra-distinction to the term "Kha-
dir," or low valley lands, through which the

large rivers, fed by the melting snows, now
meander. Mr. Logan said that the higher

ridges or "backbones" of these Doabs were
not caused by any upheavals, but were form-

ed by the denudation of these high level

plains ; and, as the rainfall was three or

four times as great in the valley of the Gan-
ges as that of the Indus, these back bones
in the plains of the Punjab disappeared, as

well as all defined drainage lines some fifty

miles below the hills, for the simple reason

that the water spread over these plains and
was absorbed. To this peculiarity in the

Punjab, particular attention was drawn; for

Mr. Logan argued that, if standing crops

and grass could permit without receiving in-

jury the rain which fell higher up to flow

through rather than over those standing-

crops, surely the same water could flow over

an iron rail at very slow velocities, seldom,

if ever rising to such a height as to inter-

fere with a locomotive passing over the line

;

however, if it did, the obstruction could only

last for not more than one day in a whole
year. By acting on this principle, Mr. Lo-
gan believed that hundreds of thousands of

pounds can be saved in the construction of

railways in Upper India, as no embankments
or masonry culverts and bridges would be

required in crossing such high level plains

as the Bechna Doabs, which he had survey-

ed ; while pounding back these flood waters

by embankments, and forcing it to find an
escape through culverts, was most costly and
dangerous, for it increased the abrading and
transporting power of the water at the very
point where alone it could do injury, name-
ly, where it crossed the rails.

In support of his argument he quoted ac-

tual occurrences. He urged that deep foun-

dations for bridges was the proper mode for

spanning the large rivers of India, and that

only one opening for both the main stream
and the inundation water should be provid-

ed; while any little water that might be left

behind in the swamps or low grounds which is

below the level of the main river, should be
drained off by spoon-mouthed syphons.

—

Speaking of the minor torrents, he briefly

referred to another description of bridges,

resting on inverts, with deep massive cur-

tain walls, which may, with economy, be in-

troduced in some instances ; and concluded

by stating that if once the abrading and trans-

porting power of water was more fully inves-

tigated, the engineer could proceed with all

descriptions of works affected by flowing wa-
ter with greater confidence and economy, in-

stancing harbors on the Madras coast, which
province, from being at present a financial

loss to the State, would soon become profita-

ble, both to India and England, by increas-

ed commerce.

ea-going Ships.—Mr. Merrifield read,

before the British Association, extracts

from the report of the committee on the state

of knowledge of stability and sea-going qual-

ities of ships. The report treated at con-

siderable length on the rolling of ships in

still water, followed by an account of the

mechanism of waves, and an abridgement of

what is known on the subject of the rolling

of ships in wave water. The report itself be-

ing, in reality, a very condensed abstract of

our existing knowledge, it would be difficult

to make a useful selection for reading.

—

Meanwhile, it may be stated in general

terms that the rolling of a ship in still wa-
ter, and her behavior in a sea-way, al-

though interdependent, involve very diver-

gent conditions. It seems that the chief

point to attend to, to secure easy rolling, is

that the natural period of the ship's occilla-

tion should not coincide, or nearly coincide,

with the period of the waves, and there

seems reason to suppose that we already

know how, in a rough way, to influence the

natural periodic time of the ship, so as to be
able to predict nearly in what wave she will

and in what wave she wjll not roll through
excessive angles and with excessive quick-

ness. But our knowledge is exceedingly

crude and deficient in detail, and even our
known means of observation of the height

and form of waves are very unsatisfactory.

He also read several reasons by Mr. Froude
for not agreeing with the conimitte.

—

Me-
chanics' Magazine.
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FIRE-PROOF CONSTRUCTION.
From a paper read before the New York Chapter of

the American Institute of Architects, April 5,

1869, by P. B. Wight, F. A. I. A.

A distinguished member of this body not

long since remarked that a fire-proof build-

ing 'was easily defined: "It is a building

which cannot burn, and which contains noth-

ing that will burn."

It is very seldom that any building is re-

quired for such use that only non-combusti-

ble material shall be placed in it ; but it is

still a fact that fire-proof buildings are often

called for, and are needed, wherein large

amounts of combustible materials are to be

placed.* To supply such a demand is one

of the most important problems offered to

the architect for solution. Of such build-

ings are storage warehouses, and stores or

shops, wholesale and retail, as well as build-

ings for certain kinds of manufacturing pro-

cesses, such as sugar houses and carriage or

furniture shops.

Having devised a building of non-com-

bustible material throughout, the question

which next arises is, how to keep a confla-

gration in one part from extending to all the

contents of the building? It seems to me,

that in buildings for such purposes, the idea

of making them only partially fire-proof is

not to be considered for a moment, unless

perhaps the material contained is so highly

inflammable that it would destroy the mate-

rial of the building, even if it is divided into

fire-proof compartments, in which case it

seems to be folly to go to the expense of fire-

proof materials at all. When you know
that no part of your building can burn of

itself, it is evident that every atom of it will

offer some resistance to the enemy confined

within. I believe, too, that it is impossible

to smother or choke a fire once commenced,

by the use of closed compartments. Acci-

dent or -carelessness may leave some open-

ings which will facilitate a draught in some

unforeseen way. And even supposing that

you have shut in your fire by some arrange-

ment of closed compartments, can you give

your compartments less air than a charcoal

pit? Close it as much a3 you will, your

confined goods, if the barriers are not forced

by the immense power generated by the

heat, will at last be reduced to charcoal;

for you cannot open a door or window upon

* But, by combustible material, I do not by any
means intend what the insurance companies call haz-

ardous, but dry goods, books and similar things,

which will burn independently of the building in

which they are contained.

such a smoldering fire, but that it will in-

stantly burst into flames. Ships have been
brought into port with smoldering fires

'

under their closed hatches, which have been
in existence for weeks at a time, while but
few have been eventually saved under such
circumstances, except by scuttling. Such
conditions do not exist with regard to build-

ings ; in them there is not the risk of human
lives, which may be saved on shipboard only

by closing down the hatches, and scuttling

is obviously out of the question.

Store-houses are the only class of build-

ings which admit of division into air-tight

compartments, and there is a practical ob-

jection to them in even buildings of this

class ; but few kinds of goods can be pre-

served without good ventilation. It seems,

therefore^ that the compartments should be

open and accessible from without, but care-

fully divided from each other. If so, they

afford good facilities to those employed in

extinguishing fires ; and I think that in a

building thus arranged there would be a

more reasonable chance of a portion of its

goods being saved.

The division of buildings into horizontal

compartments, rather than vertical ones, is

so much more desirable, where land is ex-

pensive, that inventors have almost exhaust-

ed their ingenuity in devising thoroughly

fire-proof floors. It is obvious, however,

that the division of a building by vertical

fire-proof partitions, is a matter so easy of

accomplishment, that it is questionable

whether the horizontal division, so beset

with practical difficulties, so expensive, and
withal so much less to be depended upon,

even when the best systems of construction

are used, is ever economical, even where

ground is expensive. I even question

whether it is of any use to build iron floors,

or floors with iron supports, for buildings

to contain goods ; brick piers and groined

arches are alone reliable. If you divide

horizontally, you must have stairways within

and windows on the exterior, both of which

welcome the ascending flames. You may
enclose your staircase in a fire-proof enclos-

ure, and you may put the heaviest iron shut-

ters on your windows, but you must have

doors through which to gain access from

your stairways, and you must open your

shutters when you want light. There is a

contingency that those traps may be set

when the enemy comes, and then all your

expensive floors represent so much wasted

capital.
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As yet, I believe that no buildings in this

vicinity, built purely for storage purposes,

have been constructed entirely of fire-proof

materials, except the St. John's Depot of

the Hudson River Railroad Company. I

am not aware that any attempt has been
made in these buildings to stop a conflagra-

tion among the goods on storage, either by
horizontal or vertical compartments. The
floors, to be sure, are of iron and brick, non-

combustible, but with hoistways ; and it is

not diflicult to conjecture, even supposing

that all horizontal openings and iron shut-

ters were closed, what would be the result

of a fire raging on one of those floors, hun-

dreds of feet in expanse.

Several fires occurring recently in the

Brooklyn warehouses, have warned their

owners to take extra precautipns, even
though none of these warehouses are fire-

proof, if I am rightly informed. One of

the best is known as the Pierrepont Stores,

near the Wall street ferry, and the arrange-

ment of them is well worthy of notice.

These are about three hundred feet in

length, and are divided into six com-
partments by fire-proof party walls ; the

width of each compartment is consequently

about fifty feet, and the length about two
hundred feet. The floors are of wood, and
it would have been useless to make them of

iron and brick ; for the goods taken in them
are mainly sugars, and it would be folly to

attempt to arrest a fire of such combustible

material in its ascending course, by any
practicable devise. Rut what is most inter-

esting in these buildings is, that each is for-

tified against its neighbor. Recently the

party walls were carried up about six feet

above the roofs, and were pierced with em-
brasures, through which firemen can play

from the roof of one buiding upon the flames

in another, with perfect safety to them-

selves. Here is an instance wherein capital

would have been wasted on the expensive

materials required for fire-proof floors.

It is the duty of the architect, as I con-

ceive it, to guide the capitalist in coming to

a decision on such points. If he devises

economical methods, his commission is les-

sened, but thereby so much more capital re-

mains unemployed, but ready for investment

in other enterprises. It would be foreign

to my subject to enlarge upon this point,

and show how much more it is to the inter-

est of the architect to study reasonable

economy in his work, especially buildings

for business purposes ; but I will let the

suggestion stand for what it is worth. Per-
haps a knowledge of the fact that most mem-
bers of our profession agree with me in this

opinion, would go far towards disarming the
misgivings of many a client upon the ques-
tion of commissions.

Buildings for manufacturing purposes
next demand attention. Some time since

a manufacturer and contractor for iron

work remarked to me, that if some one
would only put up a large fire-proof build-

ing, with good steam power, to be rented
out for manufacturing purposes, his fortune

would easily be made. I have often thought
of the suggestion, and wonder why it had
not been acted upon. He said that at that

time it would be impossible to hire a fire-

proof shop or room, with power, in this city.

Now, there are many occupations requiring

delicate, and not easily replaced machinery,
or in which are involved elaborate experi-

ments, running for long periods—the de-

rangement of which could not be recom-
pensed by any amount of insurance—for

which a fire-proof building would be almost

invaluable. The saving of insurance on
such a building and its contents would be
greater than the interest on the extra cost

of fire-proof floors, and would enable the

owner to rent his rooms at a lower rate—in

proportion to the equivalent given—than
could the owners of buildings with wooden
floors. The extra cost of fire-proof construc-

tion in a manufacturing building is small

when compared with that of a bank or public

building. The walls and ceilings require

neither lath nor furring, and the floors may
be of flags or slate, bedded on the brick

arches, or what is better, plates of cast iron

bolted to the beams—which will presently

be described* All inside finish may be dis-

carded, and iron doors, of No. 16 iron, with

light wrought-iron frames, hung to stone

templates in the jambs, are the 6nly safe

coverings required for the openings.

Such fire-proof buildings, as have been
erected for manufacturing purposes, have

been specially designed for single occupants.

The most perfect and the earliest that I

know of, is a building erected on Vestry
street, about ten years since, for the Gro-
cers' Sugar Refining Company. This build-

ing, as far as its material is concerned, is

absolutely fire-proof. It is most remarka-

ble for its floors, which are made of plates

of boiler-iron riveted together and secured

to the beams in large sheets. This is the

most simple system of floor construction I
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have ever seen, and has many advantages.

But I have not seen the building in use,

and do not know the floors answer the ends

for which they are intended.

Some of the new buildings for the various

gas works in this city are fire-proof. The
best are those of the Metropolitan Company,
at the foot of Forty-second street, North

river. But they are, at best, only sheds

—

brick walls, with iron shutters and roofs.

Large, open, and well ventilated, they serve

their purposes well ; but they can hardly be

called architecture.

The most extensive attempt to build a

fire-proof building for manufacturing pur-

poses was the enterprise of Harper and Bro-

thers. This was one of the pioneer build-

ings of the new dispensation. The Harper
girder is well known : it is an ornamental

cast-iron beam, with a tie rod, and was the

father of the truss beam, now so extensively

used for supporting the rear walls of stores.

It has been succeeded by the built-up beam,

now generally used for girders, and the

double rolled beam. It was eminently a

constructive beam, using iron according to

its best properties, cast-iron for compression

and wrought-iron for tension. I doubt not

that it will some day be again used where

girders are required. The built-up beam
was invented for the restorers of the " pure "

styles, who think that furring strips, laths,

plaster, and a modicum of run moldings,

not to forget " a neat panel on the soffit," to

be a good substitute for the honest lintel of

the Greeks, and more artistic than the con-

structive beam which Mr. Bogardus designed

for the Harpers. When men are no longer

ashamed to display good iron construction,

and bend their artistic conceptions to their

constructive skill, we may hope to see some-

thing like the Harper beam revived, and

decorated in a manner befitting its use.

—

But I fear that this will be done when a

more rational generation than our own holds

sway. But to return. In Harpers' build-

ing, as in the Cooper building, the deck

beam was used for the floors, and brick

arches, such as those now in use, were em-

ployed. The deck beam has also gone out

of use. When first employed, iron beams
were not made for houses, but for ships.

—

The I beam has replaced the deck beam for

the former purpose. And in this connection,

I would suggest an inquiry into the practi-

cability of using the deck beam inverted.

—

It has always seemed to me that the broad

flange would best sustain compression, and

that the roll, having the form of a round
bar, would best resist tension. The matter

of the bearings is easily remedied by a cast-

iron shoe on each end of the beam and bolted

to it. This shoe, with a broad foot, would
answer the purpose both of template and
anchor, and if made to project from the wall

and assume an ornamental shape, might
become a visible and constructive bracket.

The deck beam inverted would evidently

present the best appearance from below in

cases where the flooring is placed on top of

the beams—the various methods of doing

which I propose to discuss further on.

—

Should the deck beam come again into use,

it might be made of more ornamental form
without detriment to its strength. The
bottom roll or flange could be molded in

various ways, as is here suggested

:

1 2 %
These forms could easily be developed

between the rollers. The shoes for the ends

of beams micht be of this form :*

a

|

4>

i 1

i-~~
1

5 *

But, except in so far as the floors are con-

cerned, the Messrs. Harpers' building is far

from being fire-proof. There is much wood-

work in its inside finish, and the contents

being of a highly inflammable nature, I fear

that fire would have its own way in that

building unless early checked.!

* Figs. 4 and 5 represent a section and side eleva-

tion of the beam shown in fig. 3 with a cast-iron shoe
;

a b is the face of wall, and c d is the bearing of the

shoe on the wall.

f An inspection of Harper and Brothers' building,

since writing this paper, has convinced me that the

principle of division into horizontal compartments has

been carried out more thoroughly in it than in any
other building of the kind. There are no openings

through the floors. It contains neither interior stairs
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Of banks and insurance buildings we cer-

tainly have a large number which are, to

all intents, fire-proof, though but few are

thoroughly so. It is generally admitted

that such buildings are not in danger from
their contents, and to this belief may be as-

cribed the fact that we already have so many
of this class. The Continental Bank, the

American Exchange Bank, the Mutual Life

Insurance Company's building, the Park
Bank and the City Bank building, recently

remodelled, are absolutely fire-proof. No-
thing less than a bonfire of all the furniture,

books and papers that could be collected to-

gether in any one room of any of these build-

ings would endanger its destruction. They
are safe from any ordinary casualty. But
in all the rest there is enough woodwork to

make the word "fire proof," as applied to

them, of very doubtful significance. To
show what a practical eye the insurance

companies have, let me say that in nearly

all the so-called fire-proof bank buildings the

rates of insurance are as high as in ordinary

business buildings. The rates are unusually

high in the building which I happen to oc-

cupy, on account of a well hole in the center

which is trimmed with wood, and would
carry a fire through the whole building in

an instant. What I might say in relation

to buildings of this class will be comprised
in some practical suggestions upon fire-proof

buildings generally. Let us then look for

a few moments into the matter of construc-

tive'details.

And, firstly, how shall floors be con-

structed? Before the " iron period," when
our Washington Capitol, our City Hall, our

Old Exchange and Custom House were
built, the Roman and Mediaeval vaults only

were used—either of stone or of brick,

plastered. When the width of a room was
too great for one span, granite columns or

brick piers were used, as in our old Ex-
change, now the Custom House. The floors

above the vaults were leveled up and paved
with flags or marble tiles. As far as grace,

strength, and absolute relief from the dan-

gers of fire were concerned, this was a per-

fect system. But now space is demanded
;

there must be no more heavy piers and no
great thickness of floors. We are therefore

forced to use a material which, though not

combustible of itself, will do little work if

nor hoistways ; both are on the exterior. The stairs
are in an isolated tower approached by bridges, and
the hoistway is without enclosure. This arrange-
ment is3 however, extremely inconvenient.

exposed to great heat ; and in this is seen
the great difference between our fire-proof

buildings of the brick period and those of
the iron period, and the inferior fire-proof

qualities of the latter. The problem now
is to use the minimum of brick and the
maximum of iron. I think, therefore, it

must be conceded that with the best we can
do with this material there is danger ; and
the problem might be put thus :

" Given
iron, make as nearly fire-proof buildings as

possible out of it." What then has been
done with it thus far ? For columns, we
have used cast tubes of all shapes and sizes,

and the wrought iron pillars of the Phoenix
Iron Company. For girders, we have used
compound beams of cast iron, with wrought
ties; built-up beams of various forms of
rolled and plate iron, bolted and riveted

together; and common rolled beams, used
double. For floor beams we first used deck
beams for wide spans, and railroad iron for

narrow spans ; these have now been super-

seded by the I-beam of various sizes. The
rolling mills now have on their circulars I-

beams of great dimensions and suitable for

girders, but refuse to fill any but large or-

ders ; indeed, I believe that only one mill

has rollers for beams larger than thirteen

inches, while the others will not put up ma-
chinery until they get large enough offers.

So we are thus far deprived of large smooth
beams of one piece for girders of long span

—

beams which no one would desire to hide

from view, but which might honestly tell

their use to every beholder. For supports

between beams we have had Peter Cooper's

terra cotta pots and the four inch brick

arches. The former are out of use, and the

latter are almost universally employed. Cor-

rugated iron—first used in the Columbian
Insurance building by Mr. Diaper—has also

gone out of use. The destruction of the

Fulton Bank, a so-called fire-proof building,

sealed its fate as far as floors are concerned.*

We have also had the experiment of stone

floors in the American Exchange Bank, by
Mr. Eidlitz, and repeated by another archi-

tect in the Mutual Benefit Life Insurance

Building at Newark, N. J. The stone

slabs, brick arches, and the Parisian floors

—

of plaster or concrete bedded upon bar iron

gratings inserted between the beams—are

the only practical systems of fire-proof floor

construction now in use. The only attempt

* That disaster was owing also to the fact that the

beams, other than girders, were made only of No. 12

sheet iron with flanges of two-inch angle iron.



VAN NOSTRAND'S ENGINEERING MAGAZINE/ 1021

to lay the floor on the beams of which I

have knowledge is in the sugar house before

mentioned. This has suggested to me sev-

eral methods of laying rigid floors upon
beams at considerable spaces (three to five

feet) from one another. Preliminary to so

doing I have suggested the revival of the

deck beam, or the I-beam with a better

form for the bottom flange, and the adoption

of cast iron shoes for the bearings.

The objections to the brick arches are

that their great weight requires heavier

beams than would otherwise be used, and
that the form of their soffits is not beautiful

:

for they have the appearance of a long

succession of little wagon vaults, requir-

ing a resort to the doubtful expedient of

furring the ceiling with iron lath. I think

it might be objected to the French system
of floors that the expense would be too great,

plaster being a dear article with us in com-
parison with its price in France, while our

own cement has not the requisite properties

to enable it to be substituted, besides being
almost equally costly. The stone slabs of

Mr. Eidlitz are the only rigid material thus

far used successfully with iron beams, and
could be used to better advantage if laid on
the beams rather than resting upon their

lower flanges, as is done in the American
Exchange Bank. They are doubtless the

handsomest material that can be used for

this purpose, but are open to the objection

of being heavy and expensive—where ex-

pense is a question, and utility only is

sought—requiring heavy beams and calling

for elaborate cutting on the under side. It

will be pertinent to our inquiry, therefore,

to ask if there are any other rigid materials

adaptable to this purpose, and possessing

the desired quality of lightness and cheap-

ness. A former draughtsman of mine, now
a member of the Institute, first suggested

the use of slabs of slate, about two inches

in thickness, for spans of four feet, and
thicker or thinner in proportion to the dis-

tance of the beams from centers. I give his

suggestion for what it is worth. But it led

me to believe that we would eventually

come to cast iron as the practicable material

for this purpose, possessing the requisite

qualities of lightness and cheapness, and ca-

pable of being bolted to the beams, thus

answering all the purposes of flooring and
bridging. Cast iron plates may be used
for flooring in two ways : first, when deafen-

ing and finished floor covering are required
;

second^ when neither is required, as in man-

ufacturing buildings, wherein a reasonably
smooth flooring is required, and a few
planks, laid where workmen habitually
stand, will answer the purpose of non-con-
ducters of heat. Experiment must deter-

mine the minimum quantity of iron (in pro-
portion to the strength required) to be used
in the floor plates. In obtaining the proper
form of strength, and to ensure true cast-

ings, the bottoms of the plates will naturally
be covered with raised flanges, except at the
edges where they bear on the beams. These
flanges or beams may assume a decorative
form, either a plain diaper or a larger pat-

tern, to form a complete design for the ceil-

ing when many of them are combined. By
a judicious arrangement of the flanges the
actual thickness of the iron may be reduced
to three-eights, or a quarter of an inch.

When deafening is required, strengthening
flanges may also be cast on top of the plates,

and consequently the beams can be placed
at wide intervals. The flanges on the top
will then serve to keep the concrete used
for deafening in its place, and avoid the
cracks which might occur in a large surface

of cement. The deafening may be of any
thickness required, and will serve as a bed
for the floor tiles. All that is then required
for the underside is judicious decoration of

the beams and floor-plates. When deafen-

ing is not required, as in manufacturing
buildings, the tops should be smooth. It

has been objected by a manufacturer, to

whom I explained this system of construc-

tion, that the floors of iron would be too

cold for the feet of workmen. But it would
be very easy to put down platforms of wood
where the men habitually stand. Besides,

when the lower story is heated, the stratum
of hot air immediately under the ceilino-

would naturally keep the floor at a higher
temperature than that of the air in the

room, and the greater conductibility of the

iron would rather tend to warm the feet of

those who stand upon it. The plates, in all

cases being bolted to the flanges of the

beams, would serve as bridging for the

floors.

By the above described construction of

floors, I would attempt to get rid of the

obnoxious and expensive iron lath, so gene-

rally used. But it is more difficult to avoid

their use on side walls, when the walls are

to be plastered—and let me say here that

there can be no excuse for plastering the

side .walls in a fire-proof building, except

for economy's sake. The easiest and by all
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means the cheapest expedient when plaster-

ing is required is to build four-inch walls,

secured to the main exterior walls by iron

straps. These will not conflict with the

building laws, provided you build your walls

thick enough at the outset. There is, how-

ever, no better way in which to finish inte-

rior walls than to line them with stone or

marble, or both combined. Where decora-

tive effect is desired I would use stone with

marble panels. Our native quarries now
afford stone light enough in color to set at

rest all objections that may be made to its

use on the score of light. But if those

should hold good the material might be

marble paneled with marble, the former

white and the latter colored. Obviously,

the cheapest material for wall covering in

natural materials would be slabs of white

marble. Let us, then, make some compari-

son of figures, and see what can be done

with this material. Iron lath, of the form

generally used, cost 1.25 dols. per foot.

Three-coat plastering costs nine cents per

foot. A responsible dealer in marble in-

forms me that he will put up inch slabs of

Italian veined or Vermont marble for one

dollar and a half per foot. Which, then,

would you choose, polished marble at 1.50

dols., or plaster, as good in appearance as

that in any tenement house, at 1.34 dols.?

This is a fair comparison for exterior walls

or ceilings. Italian marble slabs can be

procured in any quantity, from eight to

nine feet long and three feet wide. In a

room fifteen feet high, allowing four feet for

wainscot and two feet for cornice, you may
line your wall with one length of marble.

What treatment do we now give to doors ?

We build brick jambs with wooden or iron

lintels, as if we would trim the doors with

wood. We then put up cast iron jambs,

rivet to their edges pilasters or architraves

of the same material, and then surmount the

whole, perhaps, with a cast iron cornice and

pediment. Some have gone so far as to in-

lay the panels of the iron work with bits of

colored marble, thus heightening the effect

of the already rough finish of the iron, a

roughness which the best foundrymen have

been unable to prevent, and which it would
cost untold money to reduce down to the

smoothness of ordinary work in pine wood.

In one of the most pretentious houses on
Fifth Avenue they are now putting up
jambs, architraves, and cornices made of

sawn slabs of marble or marble boards in

the same manner in which wood and iron

have been used. And what does all this

amount to ? In the category of shams there

is no equal to this monstrous succession.

You have imitated a Grreek or Roman arch-

itrave and cornice by a wooden sham, your
wooden sham has been imitated by an iron

sham, your iron sham has been imitated by
a marble sham ; and what is the result ?

You have kept the form all along
;
you

have come back to the original material by
a succession of imitations, and have at last a

shell without meat, marble carpentry instead

of marble architecture. In all the stages of

your attempt to revive the old forms you
have sham imitations of shams down to the

final achievement of your carpenter in mar-
ble. Next must follow, I suppose, the imi-

tation-marble vendor, who will crown the

whole fabric of shams and give you some-

thing which can as much be called architec-

ture as Mr. Shoddy's painted "red backs "

and " blue backs " resemble standard litera-

ture. I offer no original suggestion to

remedy this condition of affairs. Go back

to your old Grreek, go back to your old

Roman models, if you like them, and, seeing

how they are built, go and do likewise ; but

spare us these sham contrivances. Set up
your door posts and plant your lintel upon
them, whether for exterior or interior use,

and carve them to suit your fancy. They
will be at least good so long as they be

genuine and strong. Then figure up the

cost of this kind of work, and see how much
you have saved for your clients.

In conclusion, let me urge you to study

diligently the various problems affecting

this subject which, in your experience, are

continually offered for solution. In so

doing, look mainly to a practical solution of

the questions which may arise, and free

yourselves from all consideration of so-

called rules of art, which might control you.

The development of architectural design

was no less affected by local and circum-

stantial conditions with the ancients than it

is with us ; but the conditions at the present

time are essentially different from and de-

cidedly more various than those which con-

trolled our ancestors, whether of the classic

or mediaeval period. Whatever may have

been achieved by art in those times was the

result of, and co-ordinate with the practical

solution of problems then offered.

We have ignored the conditions which
especially affect us, and the result is that

our architecture, for whatever purpose, is

without originality, and wholly irrational.
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As long as we allow ourselves to be gov-

erned by rules of art founded on tbe expe-

rience of the past, and precedents established

by conditions which now do not exist, we
need hope neither for good construction nor

good art. The| attempt to engraft the tra-

ditions of the past upon the practical work
of this century has resulted in failures in-

volving the waste of hundreds of millions of

capital in this country alone ; I might name
from memory a score of buildings, many of

them the most prominent, and all the most
costly that have been erected, in proof of

this assertion. I would commence with our
national Capitol, in whose dome may be

seen the most flagrant attempt in all modern
times to perpetuate a traditionary style in a

material entirely different from that in

which the style was developed—so different

that the foundations under it could not

carry the superstructure if it were erected

of the material for which it would appear to

have been designed ; and for want of found-

ations of sufficient breadth, even to carry

the iron work, it has been necessary to

carry the whole exterior iron colonnade
upon iron brackets, concealed beneath. what
appears to be the podium for the whole
dome, but which is, in reality, a box of thin

plates of cast iron, secured to a light frame-

work built out over the roof of the building.

In erecting modern fire-proof buildings,

especially in so far as iron work is con-

cerned, all the conditions imposed upon the

architect are different from those which ex-

isted in past ages. The same may be said

of the use of iron in any building. Sub-
serviency to style, when the material used

is not such as was the controlling element

of that style, is destructive to all good art

;

for there can be no truly artistic effect ex-

cept that which is produced by the best use

of material, and its decoration in best ac-

cordance with its nature. If the use of

iron is ever to lead to the erection of build-

ings worthy of being called works of art,

such a result must be attained only by the

recognition of this principle.

The best thinkers have doubted whether

there can be any such thing as architecture

in iron, assuming, of course, that to be called

architecture the material must be construct-

ively used; and there is good reason for

these doubts. An iron building does not

always require the force of gravity to main-
tain the cohesion of its parts ; it possesses

such properties that it may be swung in the

air or balanced on a single point, if it is neces-

sary so to do. It is a machine admitting of
as little decoration as a steam engine or a
printing press. If iron alone were used for

buildings, constructive necessity and econo-

my combined might lead us to build houses
like steam boilers or water tanks.

What has been done thus far toward the
erection of iron buildings on constructive

principles ? We can only recur to the build-

ings of the Crystal Palace pattern. We had
a beautiful one in New York, admirably
constructed, and well designed for its pur-
pose ; but even that building was decorated
in the Moresque style, perhaps as nearly ap-

propriate to the material employed as any
that could have been selected. Here origi-

nality in treatment failed just where it was
wanted. The same constructive principles

were involved in the design of this building
which would have been involved in the

erection of a fire-proof building. In this

respect it was a success.

In the erection of fire-proof buildings, we
are forced to do the best we can with iron

while using it in the most varied capacities

;

but when its use can be spared, let me en-

treat you to rid yourselves of it ; where it

must be employed, use it rationally and con-

structively ; but better not decorate it at

all than imitate styles not in harmony with

its constructive properties. As all iron

must be painted, I am inclined to believe

that the best method of decorating it is in

colors ; for this treatment the iron must be
plain and simple, and the colors may be
proportionately brilliant. With regard to

other materials. I would suggest nothing
more than is said above—in all things build

rationally. First, let your work be strong

and well balanced—no part too heavy

—

no part too light. Then decorate it in har-

mony with its constructive features, never
concealing materials except where necessary

to protect them, and emphasizing the main
lines of the construction by ornamentation.

Thus only can the great problem of the day
be solved, and the fire-proof architecture of

the nineteenth century be made worthy of

a rational and progressive age.

Since this paper has been printed I have
discovered several unintentional errors of

statement, which I am glad to have an op-

portunity to correct. The Harper's building

was not the work of Mr. Bogardus, but was
designed and built by James L. Jackson
and Brother, of this city. In saying that

"but one mill has rollers for beams larger

than thirteen inches," I should have added
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that fifteen-inch rolled beams had been

made for some time by the Buffalo Union
Iron Works. In giving Mr. Diaper credit

for having first introduced fire-proof floors

of corrugated iron and cement I did not go

back far enough in point of time. The first

building in which he used this system of

floor construction was the old Bank for Sav-

ings, in Chambers street, which was torn

down some years since.

I should have mentioned, among fire-

proof manufacturing buildings for special

purposes, the well built—though far from

beautiful—building of the Singer Manufac-
turing Company, in Mott street. I have

recently examined it with much interest.

This building has stood one of the most se-

vere tests to which a building can be ex-

posed. About a year ago a fire broke out

in the lacquering room, which contained a

large amount of combustible materials, but,

though the fire raged for several hours, the

building was not materially injured. The
beams in this building are of wrought and

cast iron combined—they are a patented in-

vention of the Architectural Iron Works
Company—and of section similar to a letter

Y inverted. They are placed three feet

from centers, and carry four-inch brick

arches. I have not seen these beams used

elsewhere. I might also have mentioned
among fire-proof warehouses the building of

the U. S.Warehousing Co., in South Brook-
lyn, known among grain merchants as " The
Iron Elevator."

Steam Crane Boilers.—The increasing

number of boilers used for steam crane

and other similar portable purposes renders

it important that any dangerous defects to

which these boilers are liable should be

generally known. The explosion of these

boilers has become by no means unfrequent

;

and, as they are now constantly used in the

erection of public buildings, and sometimes
in close proximity to crowded thoroughfares,

the subject becomes of increasing import-

ance. We therefore take the present oppor-

tunity of placing before our readers a few
points in connection with this class of boil-

ers which are referred to by Mr. Fletcher

in a recent report to the Manchester Steam
Users' Association. The boiler to which
reference was specially made was of the

internally-fired vertical class, cylindrical in

the external casing, as well as in the inter-

nal firebox, and domed on the top, while the

flames from the firebox passed off to the
chimney through a single central uptake

tube, which formed a most important tie

between the crown of the firebox and that
of the external casing. Boilers of this type
are very simple in construction, and well
calculated, when new, to resist a high pres-
sure, so that they are very generally adopt-
ed. The dimensions of the one under consi-
deration were—height, 8 ft. 9 in. ; diameter,
3 ft. 6 in. in the external shell, and 2 ft. 9
in. in the firebox, while the thickness of the
plates was 5-16 in., and the load on the
safety valve per square inch, 70 lbs. In
this boiler there was found a deep groove or
furrow running entirely round the inner
casing of the firebox at the bottom of the
water space, and eating into the metal to a
depth varying from 1-8 in. to 3-16 in., so

that more than half the strength of the plate

was gone. This is not a peculiar case

;

others very similar have been met with, and
especial danger arises from the fact that

these grooves are very difficult to detect.

They take place so low in the water space
as to be very nearly, if not entirely, con-

cealed by the blocking ring at the bottom,
while the only opportunity of examining
them is through one or two small sight holes

cut through the outer casing.

It is frequently supposed that because
boilers are small therefore they are safe,

whereas the fact of their being small makes
them dangerous. Small boilers cannot be
inspected as larger ones can, since they do
not admit of access for a man, and therefore

they are to a greater or less extent apt to

be worked on at a risk. The internal ex-

amination of portable boilers, so important

to their safety, is a question which hitherto

has not received that consideration which it

deserves, but the subject should no longer

be neglected. It is well worthy of the

attention of engineers to endeavor to con-

struct such portable boilers as are too

small to admit of a man's getting inside so

that they may be taken to pieces for exami-

nation, and it becomes imperative either

that arrangements should be made for doing
this, or that these boilers should not be

allowed to work on for more than three or

five years without being cut open for ex-

amination, whatever the inconvenience

might be. No doubt if the attention of

engineers were directed to this subject,

inventive talent would soon construct boil-

ers that could without much difficulty be

taken to pieces so as to be examined inter-

nally, and thus their safety ensured.

—

Me-
chanics' Magazine.
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WORKING GRADIENTS WITH A RUN.
From "Engineering."

There are few more interesting examples

of the utilisation of the " work " stored up
in a moving mass than that afforded by a

railway train mounting by the aid of a

"run" an incline up which the attached

engine would otherwise be unable to draw
it. The spectacle is such a common one to

most railway men that probably but few

ever devote a second thought to the princi-

ple involved in this method of working a

gradient, and yet these principles are very

simple, and a proper appreciation of them is

frequently of considerable use in practice.

Under these circumstances we propose de-

voting a little space to a consideration of

this method of working gradients, in the

hope that our remarks may be regarded with

interest by those who have not hitherto paid

the subject the attention it deserves.

A railway train, moving at any given ve-

locity, has stored in it an amount of energy
or " work," which, expressed in the ordinary

units or foot-pounds, is equal to the weight

of the train in pounds multiplied by the

height in feet through which a body would
have to fall in order to acquire the velocity

with which the train is moving. In other

words, a train moving at any given speed

would, if it were possible to direct its mo-
tion directly upwards without checking it,

rise into the air to the height from which a

body would have to fall to attain the same
speed as the train. In practice, it would,

of course, be impossible to alter the direc-

tion of motion of a train suddenly from a

horizontal to a vertical one ; but if we sup-

pose, for the present, that the train is ex-

posed to no retardation from friction, the

law will equally apply if, instead of the

train being made to move directly upwards,

it is made to traverse a gradually ascending

incline. Let us, for instance, suppose a

train to be moving at the rate of 44 ft. per

second—a velocity which would be acquired

by a body in falling 30.062 ft.,* or say, 30

* The height from which the body must fall in

vacuo, in order to acquire the given velocity, is,

of course, calculated by the ordinary formula,

h= £j—7 ; h being the height in feet, and v the

velocity in feet per second. For all ordinary prac-

tical purposes, the divisor in the above equation

may be taken as 64, the formula then being /t=_
Similarly, the velocity due to the height fallen is

given by the formula v = 8y/i.

Vol. I.—No. 11.—07.

293s

-19,10

.g.21

ft., then that train, if

directed on to a rising

gradient would, if there

were no retardation

from friction, ascend

that gradient until it

reached a point 30 ft.

above its original level.

If the gradient rose at

the rate of 1 in 100,

the train would thus

mount it for a distance

of30X100- 3,000 ft.,

or, if its inclination

were 1 in 50, it would

traverse it for a dis-

tance of 30x50 =
1,500 ft., and so on;

the steeper the gradi-

ent the less of course

being the distance to

which the train would

have to pass up it to

attain the required

elevation above the

starting point. If the

gradient did not rise to

the height to which the

energy stored in the

moving train would be

sufficient to carry the

, latter, then the train

! on reaching the top of

i the incline would have
' a certain residual ve-

locity, this velocity be-

ing equal to that which

would be acquired by
a body in pulling

through a space equal

to the difference be-

tween the rise of the

incline and the height

to which the train

would have mounted.
• Thus, if we suppose

the train moving at a

velocity of 44 ft. per

second, which we have

already taken as an
example, to be turned

on to an incline rising

3 only 20 ft., it would

\ on reaching the top

S have a residual velocity

p equal to that which

z would be acquired by
'? a . body in falling
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through a space of 30.062—20 = 10.062 ft.,

or a little over 25 ft. per second.

It follows from what we have already

stated that, so long as we suppose the mo-
tion of the train to be unretarded by fric-

tion, the vertical height to which it will

ascend when launched upon a rising gra-

dient at any given speed will be quite

independent of the inclination of that

gradient. As soon, however, as we take

friction into consideration, this law be-

comes modified, for the flatter the incline

the greater will be the distance to which it

will have to be traversed by the train in

order to attain a certain elevation, and the

greater, therefore, will be the space through

which the retarding power of friction will

be exercised. Arguing upon this fact, it

may be considered that, if an incline is to

be worked by "taking a run" at it, it will

be best to make it as steep as possible, and
thus reduce the length necessary for rising

a given height ; and to a certain extent

—

but to a certain extent only—this is correct.

If a train was allowed to pass suddenly from
a level line to a steep gradient, however, a

great portion of its energy would be ex-

pended in effecting the damage to the rails

and rolling stock due to the sudden impact
of the wheels with the ascending rails of the

gradient, and the more steep that gradient

was, the greater the loss due to this cause

would be. Even if the very steep incline

was united to the level line by a gradient

curved in a vertical plane so as gradually to

alter the direction of motion of the train,

the centrifugal force generated by the pas-

sage of the train over this portion of the

line at a high speed would materially in-

crease the pressure upon the rails, and thus

augment friction. Moreover, it is but sel-

dom that a train is intended to surmount
gradients by a "run " alone, it being usu-

ally assisted in ascending by the power
exerted by an attached engine, and it must
be remembered that the shorter the incline

the less is the number of revolutions which
the wheels of the engine will make in

ascending it, and the less, therefore, will be
the amount of work which the engine will

be capable of developing during the ascent.

It will thus be seen that there are, in most
cases, practical objections to the employ-
ment of inclines much steeper than those in

general use.

It may, perhaps, assist in rendering
clearer the principles we have been explain-

ing, if we apply them to an actual example ;

and for this purpose we shall consider the
working of the incline connecting the North
London and Great Northern lines near
King's-cross, the details of which have been
kindly furnished to us by Mr. William
Adams, of the North London Kailway. The
incline we have mentioned is altogether

2,016 ft. in length (measured along the

gradient), and in this length it rises 41.3
ft., the mean gradient being thus 1 in 48.81.

The actual gradient varies, however, as

shown in the annexed section, from 1 in

82.3 to 1 in 42.5, and the lower part of the

incline is, moreover, curved as marked on
the sketch. As far as the question of work-
ing the incline with a run is concerned,

however, the variation in the rate of incli-

nation is of no consequence, the only matter
to be taken into consideration being the

length and the total rise. The gradient is

worked by engines having 17 in. cylinders,

24 in. stroke, and four coupled wheels 5 ft.

9 in. in diameter, the weight in working
order being 42 tons, of which 30 tons rests

upon the coupled wheels. These engines

take up regularly trains consisting of twenty
loaded coal trucks and two brake vans ; the

trucks weighing 5 tons each and carrying 9

tons of coal, and the brake vans weighing
each '82 tons. The total load, including

engine, is thus 339 tons.

In ascending the incline the work to be

done consists, first, in actually lifting the

339 tons through a height of 41.3 ft., and,

secondly, in overcoming the frictional re-

sistances of the engine and train while tra-

versing the length of the gradient, namely,

2,016 ft. The first mentioned portion of

the work, of course, amounts to 339X2240X
41.3 = 31,361,568 foot-pounds, and the sec-

ond portion may be fairly estimated as fol-

ows :

Frictional resistance of engine at 18 lbs. per Lbs.
ton= 42X18= 756

Frictional resistance of train at 8 lbs. per
ton = 297X8= 2,376

Total frictional resistance 3,132

This resistance has to be overcome through
a distance of 2,016 ft., corresponding to the

exertion of 2,016x3,132 = 6,304,112 foot-

pounds, which, added to the amount due to

the actual lifting of the train, makes a total

of 31,361,568+6,304,112 = 37,665,680 as

the number of foot-pounds of work to be
expended in conveying the train up the

gradient.
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We now come to the question of how this

power is to be provided. The engines used

exert—as may be calculated by the ordinary

rule—a tractive power of 100.5 lbs. for each

pound of effective pressure per square inch

on the pistons ; and as they are worked at

a boiler pressure of 160 lbs. per square inch,

we may assume that for a short run an effec-

tive cylinder pressure of 130 lbs. per square

inch could be maintained. Under these cir-

cumstances the engine would exert a trac-

tive force of 100.5X130 = 13,065 lbs., and
would develop 13,065x2,016 = 26,339,040

foot-pounds of work in ascending the incline.

Subtracting this from the total amount of

work to be done, as determined above, we
get 37,665,680—26,339,040= 11,326,640

foot-pounds of work as the deficit which is

to be made up by the reduction of the speed

of the train ; and we must now proceed to

ascertain from this how great this reduction

of speed must be. The total weight of the

train is 339x2,240 = 759,360 lbs., and
dividing 11,326,640 by this number, we find

that the deficit to be made up is equal to

the lifting of the whole train through a

, . ,. c 11,326,64
hei^to{ ^MW^U ' iS ft - If, there-

fore, the train had to merely reach the top

of the gradient with no residual velocity,

its speed on reaching the foot of the incline

would have to be that which would be
acquired by a body in falling from a height
of 14.78 ft., or a little under 31 ft. per sec-

ond. In reality, however, the trains have a
speed of about 5 miles per hour, or 7.33 ft.

per second on reaching the top of the in-

cline
;
and as this velocity would be acquired

by a body in falling through .839 ft., we
get .839+14.78 = 15.619 ft., or, say, 16
ft. as the height corresponding to the ve-
locity which the train should have at the

foot of the bank ; and the velocity itself

would, by the ordinary formula, be 32 ft.

per second, or about 21.8 miles per hour.

We have been informed that in practice

the speed at which the trains commence
ascending the incline is slightly less than
we have calculated above, and if this is

really the case, the effective pressure on the
pistons must be greater than we have as-

sumed, or the friction of the train must be
less. A series of indicator diagrams, care-

fully taken during the ascent of the incline,

and accurate observations of the speed of

the train on entering and leaving the latter,

would give some interesting information

which, we think, would be well worth the

trouble expended in obtaining it.

The total load of 339 tons, above men-
tioned, is not the maximum load which the

engines have taken up the incline under
notice. Mr. Adams informs us that in some
instances a load of thirty trucks and two
brakes has been taken up, the gross weight
of the engine and train in this ease being

479 tons. Applying the same mode of cal-

culation to this as to the former example,

we get the following results :

Work to be done in lifting train= Foot-pounds.

479X2,240X41.3= 44,318,248
Work to be done in overcoming fric-

tion = 4,252X2,016= 8,572,032

Total 52,885,280
Work done by engine (as before) 26,339,040

Deficit 26,546,240

This deficit is equal to lifting the whole
weight of the train through a space of 24.74
ft., and adding to this .839 ft. as before,

we get 25.579 ft. as the height correspond-

ing to the velocity required on entering the

bank, and this velocity will thus be, in this

case, 40 ft. per second very nearly, or a
little over 27^ miles per hour.

VERTICAL WATER TUBE BOILER AND
YACHT ENGINE.

From the " Engineer."

We illustrate herewith a very neat boiler

and engine for small yachts, patented by
Mr. T. Messinger, of Ewell, Kent.

It will be observed that the fire-box is

large ; it extends to the top of the water
tubes, at the same time the bottom ends of

these tubes are well down into the flame.

The water tubes are placed in a circle round
the fire-box, their bottom ends being full

open to the side water space, and their top

ends full open through the crown of fire-box.

A baffle-plate is placed between the tubes,

which prevents the flame from at once pass-

ing towards the chimney. The flame is thus

caused to spread outwards and impinge
against the sides of the fire-box, and it en-

velopes the lower ends of the tubes, striking

against them in the best possible manner,

viz : at nearly right angles ; it is also well

split up in passing between the lower ends

of the tubes without being extinguished, it

then has to pass between the upper parts of

the tubes, and before it does so there is

ample space between the upper parts of the

tubes and the upper parts of the fire-box for
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the flame to be well expanded, and a second

time it strikes the tubes in a good direction,

envelopes the upper parts of them in flame,

which is well split up a second time in pass-

ing between their upper parts. The flame

then comes in contact with a coil of copper

pipe, through which the feed-water is passing

from the pump to the boiler, the water enter-

ing cold at the top, in passing down through

the coil meets the products of combustion

coming upwards ; thus the products of com-
bustion, after having twice passed hetween
the water tubes, have to pass from the out-

side to the inside of this coil and then up
through it. The remaining amount of heat

is thus well taken up and passed into the

boiler in the shape of boiling, or nearly boil-

ing feed-water, and if the boiler and feed-

water heater are properly proportioned, the

temperature of the products of combustion,

before they enter the chimney, will be much
reduced ; fuel is economized.

It will also be observed that this arrange-

ment of water tubes increases the steaming

powers of the fire-box, for supposing these

tubes were merely dummies of fire-brick of

the same shape, and arranged in the same
manner, the heating surface of the fire-box

would be greatly improved, as the flame

would be more dispersed, and caused to im-

pinge more directly on to the sides instead

of merely passing the sides of the fire-box,

and going too quickly to the chimney.

—

Heating surfaces are also more valuable

when they are inclined out of the vertical

line towards the flame ; this is not the case

with the fire-box, but it is with the tubes,

both at their upper and lower ends. On
consideration of the above, it will be seen

that all the heating surfaces are exceedingly

well disposed to properly receive and trans-

mit the heat to the water, and it was sur-

mised in the design of this boiler that its

heating surfaces would be of far more value

per square foot than that of other boilers

;

and the experimental boiler has, we have
reason to believe, practically proved this to

be correct, for the ratio of fire-grate area to

heating surface in this boiler is only as 1 to

20|, whereas in the best locomotive practice

it is as 1 to 84. Locomotives having this ratio

evaporate from 7 lb. to 8 lb. of water per

1 lb. of fuel, and this boiler, with only one-

fourth the ratio of heating surface to fire-

grate area, evaporated from 9 lb. to 10 lb.

of water per 1 lb. of fuel.

We will now take into consideration the

action of the water during the ebullition

inside the boiler, and also the generation of
steam. It will be seen by the drawing that

a cylinder of thin iron is placed in the outer
water space, full open at top and bottom ; it

rests on three legs at the bottom, and is

kept in position sideways by a few small dis-

tance pieces. This is called the circulating

cylinder, because it very greatly assists the

natural circulation of water inside the boiler

during ebullition. All the water inside this

cylinder, both round the fire-box and in the

water tubes, being in connection with the

heating surfaces, is in a state of violent

ebullition. And all the water outside this

cylinder, not being in connection with the

heating surfaces, is not in a state of ebulli-

tion. The water, then, in every part of the

boiler inside this cylinder is rapidly carried

upwards by the rising bubbles of steam, and,

exactly as in a saucepan, tumbles over the

edge of the top of this cylinder in a circular

waterfall, but it does not, as in the saucepan,

tumble over into the fire when it boils over,

nor does it commence to prime, but it re-

turns to the bottom of the boiler again down
the annular space provided for this purpose
contained between the outside of this cylin-

der and the shell of the boiler, and performs

the same circuit over and over again. There-
fore there is a rapid upward circulation of

water over every part of the heating surfaces,

and in the best possible direction, viz : in

a line nearly parallel with them, sweeping
the clinging bubbles and steam from the

plates, and quickly bringing them to the

surface, where they readily free themselves

from the water into the steam space, and a

distinct space is provided outside the circu-

lating cylinder for the return of the water
to the bottom of the boiler again.

The arrangement for bolting together is

very favorable for cleaning and repairs,

especially for small boilers using muddy or

salt water. The multitubular boiler gener-

ally used for small steam yachts and launches,

&c, although generally made to hold a

large body of water in proportion to its size,

when driven hard is often, in a short time,

hopelessly blocked up with scale, and there

is no means of getting this out except by
the use of strong solutions, which injure the

boiler; whereas the boiler illustrated can,

in half a day, be taken to pieces, scaled all

over by hand, and put together again, and
if laid by for the winter, or any other time,

may be thoroughly cleaned and tallowed all

over inside and out; this will very greatly

lengthen its life, for it is often the case that
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when boilers are laid by for a time they sus-

tain more damage by corrosion than they do

when in actual work. The tubes of this

boiler having such a rapid circulation of

water through them will not give so much
trouble by leaking as the fire tubes in the

ordinary multitubular boiler do at the fire-

box end, and their rapid circulation will, no

doubt, greatly reduce the amount of scale

deposited on the plates and tubes.

The advantages claimed for this boiler by
the inventor are lightness of weight and

Section Elevation of Engine and Boiler

Sectional plan of Boiler.

Thro. ^^lli^a<a^ C. D.

Cylinder.

small dimensions for any given power when
compared with any other boiler, simplicity

of construction, economy of fuel, small cost

of manufacture, and the readiness with which
every part can be got at for cleaning or repairs.

The boiler and engine illustrated in the

engraving for a steam punt have the follow-

ing dimensions : Outside diameter of shell,

15 1 in.; height of boiler, 3 ft.; fire-grate area,

half square foot ; heating surface of fire-box,

5 sq. ft ; heating surface of tubes, 3^ sq. ft

;

heating surface of feed-water heater, l|sq. ft;

diameter of cylinder, 3 in.;

stroke, 4 in.; the slide valve,

when in full gear, cuts off

steam at five-eights of stroke.

During the shop trials,

which lasted one month, and
were very severe for so small

an engine, it was driving a— large drilling machine, lathe,

shafting, &c, with ease, the

engine making 650 revolu-

tions per minute, with a boiler

pressure of 50 lbs. Is was im-

possible to take an indicator

diagram on account of the

speed, but the dynamometri-
cal power developed in driv-

ing a friction brake, was 2^-

horse power ; and with a con-

sumption of 12^ lbs. of coke

per hour, 110 lbs. of water
were evaporated per hour, and
during the same time with a

consumption of 12 lbs. of an-

thracite coal. 125 lbs. of water

were evapoi-ated. This is the

average of a number of hours.

The engine, as shown in

the drawing, is perfectly self-

contained; the cylinder is con-

nected to the framing by an
arrangement of three pillars,

which take all the working
strains ofthe engine; the brack-

ets by which the engine is at-

tached to the boiler merely
have to carry its weight, and the engine can

be removed bodily from the boiler and taken

all to pieces in a few minutes. As these

small engines run at such a high speed, the

speed of the pumps is reduced to ensure its

regular working by cog wheels, as two and
a-half of the engine to one of the pump. In
larger engines this gear is not required.

This invention is being introduced by
Messrs. Newton, Jenkins & Co., of 4 West-
minster-chambers, Victoria street.
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THE BIRMINGHAM WIRE GAUGE.
By Latimer Clark.

A paper read before the British Association at Exeter.

In a paper read before the British Asso-

ciation at its meeting in Dundee, 1867, I

had the honor of submitting to the members
of this section a suggestion to promote the

establishment of some universal wire gauge.

The gauge which I then ventured specially

to recommend, was one approximating very

closely to the commonly employed Birming-

ham wire gauge, and based upon a simple

mathematical series, each number represent-

ing a weight 25 per cent heavier than the

preceding one. Such a scale would, as I

then showed, be for a practical purpose suffi-

ciently near to the existing so-called Bir-

mingham wire gauges, as to allow of its be-

ing without any inconvenience introduced

into trade and manufacture in their stead.

At the same time it would always be conve-

niently reproducible, should ever a repro-

duction of the normal standard be consid-

ered desirable. The history of the present

Birmingham wire gauge is as much envel-

oped in darkness as is the date at which it

was introduced, and this is much to be re-

gretted ; for had the gauge been determined

upon any rational basis, the readiest way
would have been to have returned to this

basis and reproduced it. In the absence of

any definite information, however, to lead us

to its origin, it remained only to search in

the succession of measures in the gauge itself

for internal evidence of the considerations,

if any, or at least of the law contemplated

or accidental, upon which it was based. In

comparing the curve formed by the suc-

cessive measures of the B. W. G. with that

formed by a logarithmic series, it became at

once evident, that although very nearly ap-

proximate to it, the former measure was not

based upon a logarithmic equation, the dif-

ference evidently not being one due to differ-

ence of constants only. In the logarithmic

series, I suggested the relation between the

diameters of succeeding makers is through-

out as 1 to .8945, whereas in the B. W. G.

series, this relation, or if I may be allowed

to term it as the factor of reduction, be-

comes less from .92 in the earlier series, to

.82, or thereabout, in the higher ones. At
the time from which the B. W. G. probably

dates, the manufacturers who then intro-

duced and employed it were not, I think,

likely to call in the aid either of mathemat-
ical or physical science to supply them with

the groundwork of a gauge. Much more

probable is it that they took a scries of al-

ready drawn wires, and constructed their

gauge from them.

Before the introduction of steam power,
the largest size of iron wire was that now
known as No. 1 B. "YV. GL, having a diame-
ter of three-tenths of an inch. From this

the next smaller size was drawn at one oper-

ation, and from this in turn a still smaller

size, until at last the smallest wire had a
diameter of a few thousandths of an
inch. The most natural way, therefore, by
which the wire manufacturers could provide

themselves with a gauge would be to call

the largest size they could draw No. 1 ; the

next smallest drawn at one operation, No.

2 ; and so on. In doing so, the relations of

the succeeding sizes would be determined
between two considerations. On the one
hand, the manufacturer would naturally en-

deavor to draw down at one operation as

small as possible, to save labor. On the

other, he would be limited in this by the

strength of his men, or the machinery in

use before the introduction of steam power,

and by the cohesive strength of the material

itself. Practice would soon show the most
profitable mean between these opposing

items, and thus the course of manufacture

itself would in time supply the workman
with a succession of sizes, which he would
only need to transfer directly to a measuring

plate or calipers, in order to have a gauge

adapted to every want of his one individual

trade. This I believe to have been the ori-

gin of the B. W. G-. If this is the case, we
should, it is presumable, in investigating the

B. W. G. series, find some constant relation

between the breaking strength of each wire

and the resistance opposed to the draw-plate

in drawing it down from its original diame-

ter. Such a relation indeed exists. If we
call the diameter of any given number on

the gauge D, and the next succeeding one

d, the ring section opposed to the draw-plate

will be

:

(D 2 *>£
whilst the resistance, R, opposed in drawing
by the ring will be :

R=r(D 2—d2

) (1)

r being the resistance to drawing against

each unit of surface. Further, s is the

absolute cohesive strength of an unit sec-

tion of the material. In a hard drawn
condition the absolute strength, F, of the

wire as it leaves the draw-plate will be :
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F=5^ (2)

Assuming the relation between the abso-

lute strength of the drawn wire and the re-

sistance of the opposing ring to be a con-

stant one balanced between the item of la-

bor and rapture, say, -= =m s then

<=i>\!,;\m sXr
and the factor of reduction, or the relation be-

tween the diameter of any wire and that from

which it was immediately drawn, would be

- J" (3)

The
mined

m s-)-r.

value of s has been exactly deter-

for almost all substances as their

varying qualities and structural irregularites

will allow, and is usually expressed as the

weight which would rupture a bar 1 in.

square. This value is not constant for all

sections, being found to increase in some
function as the section decreases. Thus a

thousand wires, each T0Wtn °f an mcn m
section, would bear a greater weight than a

bar of the metal 1 in. square. The reason

of this is, probably, that when drawn out in

the form of wire, irregularities of structure

which existed in the bar are for the greater

part removed, having caused perhaps the

rupture of the wires repeatedly in drawing,

• and the resulting wires having thus been fil-

tered through the draw-plate, are therefore

of a superior quality to the bar from which

they were drawn. Whatever the cause may
be, the fact remains that the co-efficient of

cohesive strength of a small wire is greater

than that of a large one. Were it not for

this we might assume that the value of =-

should be a constant, and the B. W. G-.

would then be a logarithmic curve. As it is

the value of s varying with d, a difference

must necessarily be found between the curve

representing the B. W. (x., and one based

upon a logarithmic series. With regard to

the value of the natural constant, r, the only

determinations, I believe, are those of an

Egen, quoted by Mr. H. Thomee in his very

valuable paper on gauges read before the

Society of German Engineers, in 1866.

These determinations are given in the fol-

lowing columns, in which I have converted

the resistance from German into English lbs:

lbs.

1 wire of 24P mils, drawn down to 220 mils, required =2063
2 ' 114
3 ' 101
4 ' 91
5 ' 82
6 1 72
7 ' 53

101 " = 400
91 " — 253
82 u = 156
72 u = 164
53 « = 164
48 II = 65

This series of experiments allows us to ar-

rive at an approximate value of the natural

constant, r, or the co-efficient of resistance

to drawing per square inch of surfaces, as

appears in column 6 of the following Table :

No. D d

Area of

Ring
of Re-
sistance.

Force
Re-

quired

Force

Area.

1 2 3 4 5 6

mils. mils. sq. mils. lbs. lb. per sq. in.

1 248 220 X 10,290 2063 200,400
2 114 101 X 2,195 400 182,385
3 101 91 1,508 253 167,450
4 91 82 1,198 150 127,162
5 82 72 1,210 164 135,800
6 72 53 954 164 172,125
7 53 38 397 65 138,875

mean 160,591

Assuming the co-efficient of strength or
the cohesion, s, of a bar 1 in. square to be
80,000 lbs. in round numbers, and that this

were constant for all sizes of wire, the abso-

lute strength of the foregoing wires would
be as follows : Absolute strength.

No. d. lbs.

1 ... 220 3041
100
91

82
72
63

48

641
520
422
326
249
145

and the relation of their absolute strengtaD

to their resistances to drawing ^,-

:

2063
= .678

= .624

= .487

= .370

= .503

= .659

=== .448

mean
R

} -^=.538
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Assuming this mean, .538, to be the prob-

able value of the constant, m, and asserting

it in equation, 3, we get the factor of re-

duction between the two wires.

1.60591
-=0.8811.

538X80,000+100591

which is about a mean value of the relations

throughout the B. W. G. From this agree-

ment it might at first seem obvious that in

the above formula if, instead of the mean co-

efficient of cohesive strength (80,000) we in-

serted its variable value answering to the va-

rious diameters of wires in the gauge, that we
should obtain a series of factors of reduction

which would give us a perfect reproduction

or rectification of the B. W. G. Such would
indeed be the case if we could assume any
function of variation with any pretense what-

ever of its being a constant one. It must,

however, be recollected that this variation

in the apparent cohesive strength is due not

to any constant physical property or law of

the material experimented on, but solely

upon accidental faults in its structure, in

fact, upon the badness of its quality, an item

which varies in every different sample. The
true co-efficient of cohesive strength of any
material is, of course, the highest value ob-

tainable for it, being the value nearest to

that obtained with a very thin wire. The
co-efficient found with larger bars refers not

to the material but its faults, and were it

not for these faults, wires of all sizes, of the

same material, would have the same co-effi-

cient of cohesive strength. The conclusion

which we must therefore arrive at is, that

the B. W. G. has been formed from a series

of sizes of wires drawn from one another,

and into which the effects of impurities of

metals have entered. Had not this been
the case—that is to say, had all the wires

from which the B. W. G. series were origi-

nally drawn been perfectly pure and homo-
geneous—there can be no doubt that the suc-

cession of numbers would have had a com-
mon factor of reduction, and formed, there-

fore, a logarithmic curve. In reconstruct-

ing this gauge, the question forcibly presents

itself, are we to allow the effects of acci-

dental impurities in the material to form

part of the basis of a widely employed
measure ; or shall we not rather base it on

the assumption of a pure and homogeneous
material ? An objection might be raised to

this, that the origin of the gauge would be

limited to the individual properties of a

single metal, viz : iron. This is certainly

probable, in so far as the origin of the B.
W. G. goes; but it would appear that in

most metals a constant relation exists be-

tween their co-efficients of resistance to

drawing out of absolute strength, and this

being the case, it becomes probable that

had the workers in any other metal deter-

mined on a gauge, they would, with the

same method, have arrived at the same
result.

Karmarseh has given a table of the rela-

tive " drawability " of wires of various

metals, taking that of hard-drawn steel at

100. Of course this table does not profess

to give the exact quantitative values, but it

is sufficient to enable us to see that for all

the metals contained in it, a constant rela-

tion undoubtedly exists between the co-effi-

cients of drawing resistance and absolute

strength. I have, therefore, converted Kar-
marsch's relative values into pounds, by as-

signing to iron the value usually given it in

the tables, and have compared it with the

common co-efficient of absolute strength, as

follows

:

>» ja — 2 Sj=
o o &2

.Metal. elativ
wabi,

ven

b
smart

Iculat stanc

wing, are

Ir 5 m
o c
W 4)

s

QJSmS n k « 3 <<J)
Q « «pw

1 2 3 4 5

Hard-drawn steel . .

.

100 2S5, 000 125, 000 .439
" iron . .

.

88 250,000 115,000 .460
" brass .

.

77 220, 000 84, 000 .382
65 185,000 75,000 .405

Hard drawn copper.

.

58 165,000 60, 000 .363

Annealed brass .... 40 130,000 57, 000 .438
42 120,000 50, 000 .466

" platinum.. 38 108, 000 47,000 435
" copper.... 38 108,000 49, 000 .453

Silver 34
27

97,000
77, 000

45, 000
33, 000

.464
Gold .423

Mean. .

.

.430

From values so roughly determined as

those given in the second column, the re-

sulting relations found in the fifth column
agree sufficiently well to render it a matter

of great probability that even a nearer rela-

tion exists than that shown here, and there-

fore that the B. W. G. rectified to a loga-

rithmic series is not confined to the physical

properties of iron, but is equally applicable

to any of the other metals mentioned.

If the co-efficients of cohesive strength

and resistance to drawing were known, and
constant magnitudes, nothing would obvi-

ously be easier than to construct on the

probable basis of the B. W. G. a rational
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and applicable measure. These co-efficients

are, however, so variable with slight differ-

ences in the qualities of materials, that the

nearest approach we can make to perfection

in a scale based upon their relation to each

other is by assuming mean values. In the

British gauge, which I have had the honor

of suggesting, these co-efficients have average

values, notwithstanding that I started from

a factor of reduction which I assumed only

for the reason of its simplicity, as it allows

at any part of the scale the weight of the

succeeding number to be arrived at by the

addition of 25 per cent, and of preceding

numbers by the substraction of 25 per cent

of the one from which we start. The factor

of reduction for diameter being .8945, and
the co-efficient of cohesive strength being

80,000,

J.8945=
~.538X80 ;00(H-r

whence, r=172,300, which is rather higher

than the mean value deduced from Egen's
experiments. The adoption of some uniform

wire gauge has become a pressing necessity

of manufacture, and I submit that the B.

TV. Gr. re-established on a rational basis, and

rectified from the irregularities which have

crept into it, partly by want of some recog-

nized standard, and partly by reason of the

impurities of the materials from the proper-

ties of which it was originally determined,

is the best adapted for the wants of the wire

gauge. In conclusion, I must call the at-

tention of the British Association to the

labor of M. Karmarsch, M. Thomee and M.
Peters, towards the establishment of an uni-

form wire gauge in Grermany, whove opin-

ions entirely agree with my own as to the

superiority of the English B. TV. Gr. over

all the others now in use, and to whose wri-

tings I am now indebted for much interest-

ing matter and instructive information on

this subject.

The Cleveland Rolling Mill Com-
pany's Steel Works.—We regret to

learn that Mr. John C. Thompson, superin-

tendent of these works, has been compelled,

by ill health, to abandon this branch of pro-

fessional work, at least for the present. He
resumes his position in the Croton Aqueduct
Department, in New York city. We learn

that Mr. Henry S. Nourse, superintendent

of the Pennsylvania Steel Works, Harris-

burg, is offered and will probably accept the

superintendence of the Cleveland Mill.

THE TREATMENT AND UTILIZATION

OF SEWAGE.
From the report to the British Association by a

commission consisting of the following gentlemen

:

J. Baily Denton,* Esq., M. Inst., C. E., F. G. S.

;

Richard B. Grantham,* Esq., M. Inst., C. E., F.
G. S., chairman; W.D. Harding, Esq., J. Thornhill
Harrison,* Esq., M. Inst., C. E. ; J. Benjamin H.
Paul,* Ph. D. F. C. S.; Professor Wanklyn, Dr.
Gilbert, F. R. S. ; Dr. Angus Smith, F. R. S.

Probably one of the most important re-

sults of modern scientific inquiry is the

general recognition of the fact that atten-

tion to the hygienic requirements of towns
and populous places has a great influence on
the preservation of health and life. Hygi-
enic measures are calculated to prevent dis-

ease, and therefore come to be regarded
even of more importance than the knowl-
edge gained by two thousand years' expe-

rience in the art of medicine. Pure air and
water are two of 'the most essential require-

ments of all populous places. The removal
of water from the surface and from the sub-

soil by some kind of drainage has been

found essential to healthiness of a place

;

but the thing most of all important in its

influence on the sanitary condition of the

towns, etc., and as affecting the purity of

the air and water, is undoubtedly the mode
in which the excretal refuse of their popu-

lation is dealt with. Even in the most pri-

mitive states of society it has always been

found necessary to dispose of excreta and
other refuse materially from dwellings, in

such a manner as to prevent them from be-

coming a nuisance, and the most simple

mode of effecting that object was probably

the plan prescribed by Moses to the Jews.

The fact that animal excreta are useful as

a manure has also led in many cases to the

adoption of some plans of dealing with

them for that purpose by which their accu-

mulation in the vicinity of dwellings was
prevented to a great extent. In thinly popu-

lated places no great difficulty would be ex-

perienced in devising simple measures suffi-

cient in that way to meet all requirements,

and under such circumstances the mode of

effecting the object in view would be a mat-

ter to be determined and carried out by the

individual residents of a place. But wher-

ever the population became concentrated in

villages or towns, difficulties arose as to the

disposal of excreta or the immediate remo-

val and use as manure, in consequence of

which it became a practice almost universal

* These have only attended the meetings.
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to allow them to collect together with other

refuse in pits dug in the ground near each

house or group of houses, and then at inter-

vals to remove the accumulated contents of

these pits for use as manure. As the mag-
nitude of towns increased the difficulty of

thus dealing with excretal refuse became
greater, and the offensive consequences of

its accumulation near dwellings more sensi-

ble. Hence the subject became more and
more a matter to be dealt with by the local

authorities, at first by regulation of the

practices adopted by the inhabitants of a

place, and eventually as a duty to be provi-

ded for and performed by the authorities

themselves, in such a manner as to insure

the common convenience and well being of

the population.

However, the full importance of this sub-

ject in other respects was far from being ap-

preciated until within the last thirty or forty

years. It is only within this recent period

that there has been anything like an ade-

quate recognition of the fact that the sani-

tary state of dwellings and towns, the health

and morality of their population, the condi-

tion of rivers, and other matters of import-

ance, are, as a general rule, largely influ-

enced by the practices adopted in regard to

excretal refuse. Within that period inquiry

and experience have shown that excretal re-

fuse, besides being offensive, and in some
cases a great nuisance where accumulated
in a state of putrefaction or decay near

dwellings, may be, and often is, a source of

vast injury to the public health. Opinions

may vary as to the precise mode in which
that influence is exercised—whether by the

evolution of the deleterious gases, by the

pollution of water, by the development of

those minute organisms which are now very

generally considered to be the media of in-

fection, or in all of these ways conjointly
;

but there is no longer any doubt or differ-

ence of opinion as to the general truth that

in regard to the mode of dealing with ex-

cretal refuse, the sanitary point of view is

far more important than any other. If,

then, the weightiest question to be solved

by a municipal body be—how best to pre-

serve the health and life of the population

committed to its charge, it is evident that

one of the first duties of such a body is that

of providing for the disposal of excretal re-

fuse in a suitable manner. The recognition

of this sanitary axiom has been so impera-

tively enforced during the present century

by the frequent prevalence of epidemic dis-

eases, such as cholera and fever, that it may
perhaps now be regarded as unquestionable,

except where ignorance overcomes intelli-

gence, and where mistaken notions of econ-
omy prevail.

Under this aspect the subject has lately

attracted very general attention, not only in

this country but also in most civilized coun-
tries abroad. It will, therefore, be desira-

ble to recite briefly the circumstances under
which excretal refuse may become a source
of injury to health, and to trace the course

events have taken in regard to this subject

since public attention was first directed to

the sanitary condition of towns, and since

measures have been adopted with a view to

its amelioration.

Besides the inconvenience and offensive

character of the system of collecting excre-

tal refuse in pits or vaults near dwellings,

the evils consequent upon that plan arose

chiefly from the impregnation of the sur-

rounding soil with decomposing material,

and sometimes also from the pollution of

water used for domestic purposes. The pit

or reservoir was, in some cases, provided

with overflow channels or with drains, by
which the liquid contents were discharged

into a neighboring water-course or into a

sewer, but in many cases that was unneces-

sary, since the soil was of a sufficiently po-

rous nature to admit of the continuous force

escape of liquid from the pits. By this

natural drainage, according to the nature of

the soil, the liquid portion of the excreta

would permeate the soil and gain access to

the wells, which were, as a very general

custom, placed close to the pits where ex-

creta were collected. Moreover, this foul

drainage would be augmented, in many
cases, by the access or surface water to the

pits, especially during wet weather.

These evils were often much aggravated

by the absence of any systematic drainage

or sewerage of towns sufficient for the remo-

val of subsoil water which became stagnant

and putrified beneath the dwellings. Even
where underground sewers existed they ap-

peared to have been intended only for the

removal of surface water ; the connection

of house drains with these sewers was pro-

hibited, and it was a penal offense to throw
any excretal or other offensive refuse into

rivers. At that time the water-closets in-

troduced by Braham, in 1793, were very

rarely in use ; they had been adopted only

in the better class of houses in towns, and
then they were used in conjunction with un-
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derground vaults for receiving the material

discbarge from them. Their subsequent

more general adoption, and the concurrent

acquisition of a better and more copious

water supply, were no doubt largely condu-

cive to the health of towns. These changes

were attended with a decided aggravation of

the evils arising from the use of vaults or

pits as receptacles of excreta, for the drain-

age or overflow from them became continu-

ous on account of the use of water in the

closets, and was no longer dependent on the

occasional excess of rain. Under these cir-

cumstances the pits or vaults became cess-

pools constantly charged with liquids which
in most cases had no outlet into the sewers.

Even so late as 1844 the Health of Towns'
Commissioners state in their first report that

in some of the largest and most crowded
towns all entrance into the sewers by house
drains or drains from water-closets or cess-

pools is prohibited "under penalty;" while

in other places, including part of the me-
tropolis, the entrance of house drains, was
"the concession of a privilege, subjected to

regulations and separate proceedings, with
attendant expenses," tending to restrict the

use of sewers for the purpose of removing
excreted refuse or the drainage from pits

containing it, or to confine the advantages
of this plan to the wealthy.

The removal of the domestic nuisance

and inconvenience attending the use of priv-

ies and pits for collecting the refuse, by the

introduction of water-closets, gave rise in

this way to the creation of a town nuisance.

The pent-up overflow from cesspools con-

nected with water-closets saturated the

subsoil ; the town sewers or drains proved
inadequate to the duty thrown upon them,

for in some instances an improved water
supply was taken into a town without any
means being provided for taking it out

again. The water of wells became perma-
nently polluted ; fetid water rose in the cel-

lars of houses, rendering the air impure by
its exhalations. Sickness followed, and
eventually there arose a louder cry against

the cesspool system as an intolerable nui-

sance, affecting not merely individual houses

but the town generally.

The plan proposed as a remedy for this

evil was the general introduction of water-

closets, combined with a system of thorough
town sewerage, the connection of house

drains with the sewers being made compul-
sory on the owners of houses under certain

conditions. By these means the necessity

for allowing excretal refuse to accumulate
at all near dwellings or within towns was to

be done away with, and it was to be at once

removed from dwellings into the sewers by
a copious use of water, and swept rapidly

through them out of the town with the

waste water from houses and the surface

drainage. In this way the water entering

a town eventually becomes polluted either

by use or by admixture, and thus constitutes

what is now commonly termed town sewage,

the expeditious removal of which from the

vicinity of the town is indispensable for the

health of the neighborhood.

This system, known as the water-carriage

system, has been largely adopted in this

country, and, as a consequence, both the

drainage of towns and the removal of the

excretal refuse have been in many cases ef-

fected by the same means. The utilization

of this town sewage as manure by the irri-

gating of land was contemplated at the out-

set, but it was not enforced, and it has been
carried out only in a few cases, the sewage,

as a rule, being discharged from the sewers

into any adjoining rivers or into the sea,

this being permitted so long as it did not

create a nuisance. Individuals or towns in-

jured by the discharge of sewage in this

way were left to obtain what redress they

could by legal means. The adoption of this

system is well known to have given rise to

much litigation, and many towns where it

has been adopted have been placed in a very

difficult position in consequence of injunc-

tions by the Court of Chancery prohibiting

the discharge of their sewage. Moreover,

the adoption of the water-closet and sewage

system of dealing with excretal refuse has

been followed by a greatly augmented pol-

lution of rivers, which is now acknowledged

to have become an evil of national import-

ance, and is still the subject of an official

inquiry. At this point, when the measures

adopted for removing successfully the do-

mestic nuisance and the town nuisance aris-

ing from the disposal of excretal refuse have

given rise to a national nuisance, it has be-

come a very serious matter to determine

what is to be done with the sewage of towns.

The importance of this question is shown

by the fact that besides engaging the atten-

tion of the late General Board of Health,

besides being frequently discussed in Parlia-

ment and by the various local authorities

throughout the kingdom, it has, within the

last thirteen years, given rise to the appoint-

ment of three royal commissions charged
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with the duties of investigating the subject

and of suggesting remedial questions, viz

:

(1). The Sewage Commission, dated Janu-

ary 5th, 1857, to inquire into " the best

mode of distributing the sewerage of towns

and applying it to beneficial and profitable

uses,'' from which three reports have issued,

bearing date March, 1858 ; August, 1861

;

and March, 1865. The conclusions the

commission arrived at were to the effect

that the direct application of sewerage to

land favorably situated, if judiciously car-

ried out and confined to a suitable area,

exclusively grass, is profitable to persons

so employing it ; that where the conditions

are unfavorable, a small payment on the

part of the local authorities will restore

the balance ; that this method of sewage

application, conducted with moderate care,

is not productive of nuisance or injury to

health ; that methods of precipitation are

satisfactory merely as a means of miti-

gating a nuisance ; that the only radical

way of restoring the rivers to their original

purity is to prevent the discharge of foul

matters into them, and especially the dis-

charge of sewage and other refuse of large

towns ; that the right way to dispose of

towns' sewage is to apply it continuously to

land, and that it is only by such application

that the pollution of rivers can be avoided

;

that the magnitude of a town presents no

real difficulty to the effectual treatment of a

sewage, provided it be considered as a col-

lection of smaller towns.

(2). The Rivers Commission, dated May
13th, 1865, to inquire " how far the present

use of rivers for carrying off the sewage "

of towns, populous places, &c, can be pre-

vented without " risk to the public health,

and how far such sewage, &c, can be util-

ized," from which three reports have already

issued, bearing date March, 1866; May,
1867; and August, 1867; and further re-

ports are expected.

(3). The Royal Sanitiry Commission,

dated November, 1868, " to inquire into

and report on the operation of the sanitary

laws for towns, villages and rural districts

in Great Britain and Ireland, so far as these

laws apply to sewage, drainage, water sup-

ply, removal of refuse, prevention of over-

crowding, and other conditions conducive to

the public health." This latter commission
is now engaged in its first proceedings,

which are limited to the consolidation and
improvement of existing laws, and the es-

tablishment of a better recognized central

control. It is expected that a preliminary
report from this commission will shortly

appear.

The object of this committee has been
understood by its members as that of sup-

plementing the above mentioned public in-

quiries with special information as to the

local circumstances and practical experience

of various towns throughout the kingdom,
and with other positive data relating to the

subject, such as the Royal Sewage Commis-
sion have pointed out as requiring to be
ascertained :

—" Your committee, on enter-

ing on the duties, came to the conclusion

that since town sewage, as it is now most
commonly known in this country, is a source

of nuisance, inconvenience and injury to

health, chiefly by reason of its containing

the excretal refuse of the population, it was
desirable the town sewage should not be re-

stricted to the liquid discharged from sew-

ers in places where there is a thorough sys-

tem of sewage, combined with water-closets

and a copious supply of water, or, in other

words, where the water-carriage system of

disposing of excretal refuse has been adopt-

ed ; but that it should for the purposes of

the inquiry be understood as comprising

excretal refuse in any state." In order to

insure an explicit understanding on this

point in all correspondence and communica-
tions, the following resolution was passed at

a meeting of the commission on the 5th of

January, 1869, viz

:

" That the committee do interpret the

word 'sewage' in the instructions of the

associations as meaning any refuse from
human habitations that may affect the pub-
lic health—and this interpretation of the

term specified in all applications for infor-

mation. Bearing in mind the circumstances

already referred to in the introductory re-

marks, that formerly towns' sewers were
essentially drains, the object of which were
simply and exclusively the removal of sur-

face and slop-water by the most direct course

to the nearest stream, as well as the fact

that such sewers, originally intended only

for drainage, have in various ways come to

be confounded with and used as sewers for

removing excretal refuse, as well as the sur-

face subsoil water, it was for these reasons

considered to be especially important to

make a marked distinction between drain-

age and sewerage, and with that object to

denote the removal of surface and subsoil

water from land by permeable channels, ' as

drainage by drains,' and the removal of
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excretal and other refuse from dwellings,

factories, streets, &c, by impervious con-

duits, or ' sewerage by sewage,' according

to the destination, a drain should be under-

stood, or a permeable channel adapted

throughout its entire length to remove

water from the soil surrounding it ; while a

sewer should be understood as a channel

sufficiently impermeable to be adapted for

carrying away refuse without allowing either

the refuse to escape through its sides or

water to penetrate from without."

One of the first steps taken by the com-

mittee was to apply to her Majesty's Sec-

retary of State for the Home Department

for his assistance in obtaining information

from foreign countries having representa-

tives in England, respecting the practice

prevailing abroad for disposing of the refuse

of towns, villages, public institutions, fac-

tories, dwellings, &c, and having reference

to the sanitary condition of the districts in

which they are situated, the state of rivers,

or the support and increase of the produce

of the soil. This application Mr. Secretary

Bruce has given effect to by transmitting

from time to time very valuable information

received from the following countries :

—

March 15, 1869, from Hamburgh ; March
16, from Saxe Coburg Gotha; March 25,

from Holland ; March 30, from Bavaria

;

April 14, from Baden ; April 26, from Sax-

ony ; from Prussia; May 18, from Switzer-

land ; May 20, from Austria and Hungary,
from Belgium, from Sweden, from Denmark,
from Turkey, from Greece, from Russia,

from the United States of America, from

Wurtemberg.
It appears from the documents that in

most cases, both in town and country places,

the use of privies is very general, water-

closets being rare even in large towns, and
that the usual method of dealing with hu-

man excreta is to allow it to collect in pits

{atrills gruben ; fossei), which are sometimes

drained, either naturally by the permeable

character of the soil, or artificially, so that

most or all of the liquid portion of the con-

tents of the pits flows away or infiltrates the

surrounding soil. Frequently privies are

built over rivers with the object of getting

rid of the excreta at once, and at some
places methods still more objectionable are

adopted, and many houses are without water-

closets or privies, and the common custom

is to use night-stools, which are emptied

into pits near the house. Thus, for instance,

in Berlin, with their population under 600,-

000, there are said to be no less than 50,000
night-stools. Only in some few foreign

towns is there any system of sewerage for

the removal of excreta by means of water.
This is the case with Hamburgh, Paris,

Brussels, Hanover, Washington, Philadel-
phia, San Francisco, and some other Amer-
ican towns to a greater or less extent. In
some other towns modified arrangements of
the privy and pit system have been to some
extent adopted. These consist in substi-

tuting for the ordinary pit either a fixed or

portable reservoir for receiving the excreta.

These reservoirs are sometimes constructed
with a drain, by which the overflow of the

fluid contents escape, and sometimes they
are both water and air-tight, the discharge
of the liquid contents into the sewers being
prohibited. In some cases such reservoirs

are constructed so as to receive only the

excreta, and sometimes so as to separate the
solid and liquid excreta ; but they are also

used in combination with water-closets, and
sometimes they also receive rain water from
the house roofs, &c. The contents of the

fixed reservoirs are removed periodically in

several different ways, and according to

divers local regulations ; sometimes their

contents are simply dipped out, and some-
times they are removed either by pumping
into closed tank-carts, with lift-pumps, or

by means of a vacuum previously produced
in the tank-cart. In some few cases the

time that may elapse between the removal
of the contents of these reservoirs is fixed

by the local authorities. The portable re-

servoirs are from time to time removed and
replaced with empty reservoirs, then carried

outside the town, and their contents used as

manure in some way. Both the fixed and
portable reservoirs are frequently ventilated

by means of shafts rising above the house
tops. Fixed reservoirs are used in Carls-

ruhe, Ostend, Antwerp, Strasbourg, Berlin

and Dresden ;
portable reservoirs are used

in Gratz, Dresden, Leipzic, Strasbourg, Ber-
lin and Paris. Generally the contents of

pits and of fixed or portable reservoirs are

used as manure. In some cases such house-

holders pay for the removal of excretal re-

fuse, in others the contents of pits and re-

servoirs are sold.

At some places the town authorities pay
for the removal of the refuse and street

sweepings. Thus in Carlsruhe, a town with

about 25,000 inhabitants and 1,400 houses,

£500 a year is paid to the contractor for the

service, and the contractor sells the manure.
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Sometimes a town derives some return from

the excretal and other refuse removed and

used as manure. In the town of Groningen

the yearly profit amounts to about £1,600 ;

in Antwerp it is £2,700 ; Ostend, £700.

In Strasbourg the cost of removal is only

just covered by the sale of the manure ; the

sale of the refuse from the barracks at

Carlsruhe, where 2,800 men were quartered,

realized a profit of £300 a year, and the at-

tendant expenses amounted to about £40 a

year. According to experience in the neigh-

borhood of Berne, Basle, Munich, Zurich,

Ghent and other towns where excretal refuse

is removed and used as manure, there is al-

ways a profit realized after payment of the

cost of removal and transport, and it appears

to be considered probable that the expenses

attending this system would be reduced by
the adoption of portable reservoirs. In some
other towns the cost of removal and trans-

port exceeds the return ; thus in Stockholm,

with a population of about 150,000, the ex-

penditure amounts to £85,000 a year, and
the income derived from the sale of the re-

fuse as manure £83,000 a year. In Ham-
burgh there is an extensive system of sew-

erage, and in a large part of the town the

excreta are removed by water-carriage

through sewers. In Brussels, Paris, Lau-
sanne and Lugano, the water-carriage sys-

tem is also more or less in use in some form
adapted to local conditions. In the two
latter towns water-closets are but rarely

used, however, and in Basle, likewise, the

privies are situated so as to discharge

into the Rhine or into^one of its tributaries.

In the case of Hamburgh the water of the

Elbe is stated to be much polluted by the

discharge of sewage, but without any appa-

rent serious influence on health. Statistics

furnished by the Secretary to the Hamburgh
Board of Health, show, however, that the

rate of mortality has kept pace with the in-

crease of population. In 1840, before the

construction of the sewerage, the population

was 137,000, with a mortality of twenty-

eight per thousand. In 1838, the popula-

tion was 148,000, with a mortality of twen-

ty-two per thousand. In 1859, the popula-

tion was 174,000, with a mortality of twen-

ty-six per thousand, and in 1866, the popu-
lation was 195,000, with a mortality of

twenty-eight per thousand. The general

purport of the communications received

from foreign countries is to show that the

question as to the means by which excretal

refuse may be disposed of and removed from

dwellings, villages and towns, so as to pre-

vent nuisance and evil consequences as re-

gards the sanitary condition of the locality,

is at least quite as much an open and dis-

puted question as it is in the country. In
these documents there is abundant evidence

that wherever the subject has been consid-

ered there is a strong though vague sense

of the injury to health resulting from the

accumulation of excretal materials in pits,

&c, within populous districts, from the im-

pregnation of the soil, from the pollution of

rivers and well water with drainage from
such accumulations, and by the discharge of

excretal materials into watercourses directly

or indirectly ; and it appears to be generally

admitted that these are serious evils that re-

quire to be remedied. Beside these views as

to the sanitary aspect of the subject, there

is still more decisive evidence of the con-

viction that a vast quantity of material is

now wasted which might be of great service

in agriculture for sustaining and augment-
ing the fertility of cultivated land. There
is, however, no instance in which decisive

conclusions have been arrived at as to the

best mode of dealing with town refuse so as

to secure a satisfactory state of public health,

and. at the same time admit of the agricul-

tural value of that refuse being realized

without concurrent disadvantages. It does

not appear that any particular improved
system of dealing with house refuse has

been generally adopted as a substitute for

the old practice of collecting such refuse in

pits with periodical removal of the contents

;

neither is there any case where an attempt-

ed improvement has been long enough prac-

ticed to furnish satisfactory evidence as to

the efficacy of the means adopted, and their

influence on public health. In both these

respects it may be easily said that foreign

towns are, as a rule, far behind some towns

in this country. The method of removing
excretal refuse by pumping it into carts and
carrying it out of the towns to the neighbor-

ing land, has, in some instances, been con-

tinued with satisfaction, while in other in-

stances it has been tried and abandoned.

The plan of collecting and removing excre-

tal refuse in portable closed reservoirs has

been largely adopted in France, Saxony,

Switzerland and other countries, but in no

case is any specific information given as to

the extent to which the liquid portion escapes

spontaneously or by drainage to pollute the

adjoining soils and watercourses, or how far

the portion of the refuse that remains repre-
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sents its original value for agriculture. In

some towns it is evident that only the solid

excreta are used as manure. Thus in Zu-
rich there is a system of sewerage which

carries off both the rain-water and liquid

drainage from gutters, houses and reservoirs

for collecting besides; and probably in most

cases where cesspools are fixed and portable

reservoirs are in use this greater part of the

liquid excreta drains away.

In some towns—as in Berlin for instance'

—

the use of water as a means of transporting

the refuse has been proposed, and it is still

under consideration. Some of the scientific

authorities deputed to inquire into the sub-

ject have, however, recommended that any
general system of sewerage based on that

principle should not be adopted, because of

the increased difficulty it gives rise to in the

realization of the manure value of the ex-

creta, and because of the anticipated period-

ical influence on the air of the district where
the sewage is applied to land, and upon the

water of rivers where the liquid refuse is

mixed with them. There does not appear

to be in any country general or systematic

legislation in reference to sanitary matters

;

almost everywhere the regulations with that

object are in the hands of the police or

other local authorities, and though the pro-

visions relating to removals of refuse, clean-

ing of streets, &c, are often very minute

and stringent, they are seldom or ever of

such a nature as to deal effectually with

those tendencies to unhealthiness which re-

sult from the accumulation of excretal and
other refuse material, especially in large

towns or densely populated districts. As
to the precise condition that affects the pub-

lic health, the connection between the sani-

tary state of towns and the drainage, water

supply, mode of disposing of excretal refuse,

&c, there appears to be even more than in

this country an absence of definite knowl-

edge or of demonstrative evidence in favor

of any particular view j though, at the same
time, there is everywhere, in civilized coun-

tries, an earnest consideration of these sub-

jects in all their bearings, sanitary, muni-
cipal and agricultural.

While this information was being collected

from foreign countries, the committee pre-

ferred a series of questions with the object

of eliciting information as to the several

towns, cities and rural districts throughout
the United Kingdom, so far as the means at

disposal would permit. These questions

were sent to 338 local sanitary and sewer

authorities, and represent a population of
about ten millions. Up to the present time
replies have been received from 107 places,

having an aggregate population of more than
four millions.

Number and
population of towns.

Town of

—

Upwards of 100,000 16
Between 100,000 and 50,000 23
Between 50,000 and 20,000 59
Upwards of 10,000 134
Rural districts 39

Applied to. Answered.

13

23
33

Total 335 107

Total area, number of houses, and rata-

ble value of the 107 places from which re-

plies have been received : The total area
of seventy-eight of them is stated to be
413,218 acres ; the area of the remaining
twenty-nine places has not been specified.

In ninety-three of these places the total

number of houses is stated to be 727,816

;

and their aggregate ratable value, in four-

teen instances no particulars were stated as

to this point.

Water supply.—It appears that the sources

of water supply in these places are as fol-

lows :

Aggregate
population.

354,890
63,680

1,210,906
606,552
59,000

843,140
19,000

263,500
446,000

393^40

Number of

towns.

Surface wells 24
Springs 8
Gathering grounds 16
Gathering grounds and wells. . . 3

Gathering grounds and rivers.. . 2
Rivers and streams 26
Lakes 1

Artesian wells 12
Rivers and surface wells 2
No information given. 13

Of these places, eighty are provided with
water-works, twenty-seven without, or give

no definite information.

The quantity of water supplied per head
of the population is stated to be as under

:

Number of Aggregate
towns. population.

From 50 to 30 gallons 7 596,800
From 30 to 20 gallons 25 1,477,007
From 20 to 15 gallons. ; 13 455,500
From 15 to 10 gallons 15 370,500
Under 10 gallons 3 42,500
Not stated 43 1,444,000

The largest quantity of water supplied is

in the case of Lynn, where it is stated to be

fifty-six gallons per head daily, and the

smallest quantity is said to be supplied in

the case of Stroud, where it is only four gal-

lons per head.
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Disposal of excretal refuse.—Of the 107

places there are forty-two where the old

system of privies with pits for collecting the

refuse, is general, and twenty-five where it

is partiaily adhered to. In forty-two places

water-closets are general ; in twenty-five

places they have been adopted partially to

a greater or less extent.

Sewage.—Out of the 107 places there are

only eleven where no system of sewage

exists. In the remainder the sewage of the

towns is either general or partial, and in

some instances very defective.

Number of

towns. Houses. Population.

Completely sewered . . 48 375,002 2,230,578

Partially 48 152,785 1,039,731

Not 11 224,800 145,000

No information

Total 107

Of the places which are completely sew-

ered there are twenty-nine where water-

closets are general, twelve where privies,

and seven where both are used. Of the

places which are only partially sewered
there are twelve where water-closets are

general, twenty-two where privies, and four-

teen where both are used. Of the places

which are not sewered there is one where
water-closets are general, six where privies,

and three where both are used.

Disposal of liquid sewage and contents of
pits, fyc.—At seventy-one places out of the

107, the liquid sewage, consisting either of

the incharge from water-closets, or the

drainage and overflow from pits and cess-

pools, is discharged into the adjoining stream

or river, and in two instances it is dis-

charged into pools of water. At a few of

those places the sewage is first submitted

to some kind of treatment, chiefly with the

object of preventing or mitigating nuisance.

At Bury St. Edmunds the liquid sewage is

partly got rid of by means of dead wells.

In some places the contents of pits and
cesspools are carted away. At fifteen places

the liquid sewage is applied to land either

wholly or partially, and at two of those

places submitted to treatment.

It will be evident that according to local

conditions there will be great differences in

the nature of the liquid sewage of different

places, and that even the contents of pits,

cesspools, &c, will vary according as the

soil is readily or slightly permeable. The
amount of the water supplied, and the ad-

mission or exclusion of surface water from
the sewer, will also be influenced in this way.

Total quantity and amount of liquid sew-

age.—Among the ninety-six places where
there is a system of sewage, either general

or partial, combined with water-closets and
a copious supply of water, the minimum
daily quantity of liquid sewage discharged

varies from 20,000 gallons at Alton, to

17,000,000 at Buriningham, and 130,000,-

000 at Liverpool.

The storm discharge at places where the

surface water is admitted to the sewers,

varies from one and a half to twenty times

as much as the discharge during dry weather,

and in places where the surface water is

wholly or partially excluded it varies from

one and one-tenth to seven times as much
as the dry weather discharge.

The average amount of liquid sewage per

head of the population in places where the

surface water is admitted to the sewers

varies from ten gallons to upwards of 100
gallons, and at places where the surface

water is excluded it varies from six gallons

to 100 gallons.

Treatment of liquid sewage.—At fifteen

of the places which are sewered wholly or

partially, the liquid sewage is subjected to

treatment either by allowing it to remain

for a time in settling tanks from which the

deposit is occasionally removed, as at Bur-
ton-on-Trent, Birmingham, Epsom, Farn-

ham and Andover, or by filtering, as at Ux-
bridge and Ealing.

In eight instances deodorizing materials

are added, such as lime and carbolic acid,

as at Carlisle and Harrow. Lime alone is

used at Leicester; lime and chloride of

lime at Luton ;
perchloride of iron at Chel-

tenham
;
perchloride of iron and lime at

Northhampton ; ferruginous clay wetted with

sulphuric acid at Stroud ; and at Leaming-

ton the lime treatment has lately been su-

perseded by the method proposed by Messrs.

Sillar and Wigner.
By this treatment the sewage is clarified,

and a deposit is separated which is sold as

manure.
In regard to the effects thus produced, it

is stated that at Leicester the sewage runs

off as pure as ordinary rain water; at Ealing

it is said to be free from smell, colorless and

harmless to vegetable or animal life; at

Stroud and Luton the effect is stated to be

satisfactory. At Harrow the nuisance is

said to be somewhat mitigated, and at

Abergavenny the stench is said to be abated

by the treatment of this sewage.

At Bury St. Edmunds upward filtration



VAN NOSTRAND'S ENGINEERING MAGAZINE. 1041

through charcoal and gypsum has been
abandoned in favor of costly irrigation. At
Banbury, treatment of the sewage has fail-

ed. At Hereford, where it was proposed

to be adopted in the parliamentary places,

it has not been tried, on the score of ex-

pense. At Tunbridge it is about to be

tried, and at Hastings and Cambridge ex-

periments are being made.
The cost of treatment amounts, at Leices-

ter, for a population of 7,500, to £300, and
the cost of the plant for the purpose was
£3,000. At Luton, with a population of

18,000, the annual cost is £500
; at Chel-

tenham, with a population of 36,000, it is

£350; at Uxbridge, with 7,000 population,

it is £200 ; and at Alton, with 3,300 popu-
lation, it is £46.

The solid deposit obtained by treating

liquid sewage is sold at prices varying from
6d. to 2s. 6d. per ton. At Leicester as

much as 5,000 tons are produced. At Luton
the deposit is mixed with night soil, at Ban-
bury with street sweepings, and at Stroud
it is made the basis of a manure that is sold

at £7 10s. per ton.

After some particulars as to liquid sew-
age-irrigation, which is carried out in many
of the towns of the United Kingdom, the

report winds up with the following

:

At most places the application of the

sewage to land has been found to exercise a

most beneficial influence on the condition of

the streams and rivers receiving the dis-

charge of the district. At Epsom there was
some damage done to the Hogs Mill River,

but no complaint is now made. Even where
the solid portion of the sewage only is

separated by filtration or precipitation, the

state of rivers receiving the discharge is

improved. At Northampton an application

for an injunction has been made by a miller

resident on the stream.

Generally speaking, no objection appeared

to have been made to the application of

sewage for irrigation, and where such objec-

tions appeared to have been made on the

ground that the application was offensive

and injurious, they do not appear to have

been supported by medical authorities, and
in several instances they have ceased.

As regards the sanitary condition of the

district, it appears that in most cases the

application of the sewage for irrigation has

not been attended with any apparent change,

and in several instances there is said to be

a marked improvement at Reigate and
Brompton. Although the committee feel

Vol. I.—No. 11.—68.

that the present report deals only partially

with the subject of sewage, and is, in fact,

only a preliminary step towards the work
required to be done, there are two points,

viz : the cost of various methods of dealing

with excretal refuse, and their influence on
the sanitary condition of towns, which it is

considered must be referred to, so far as the

data obtained will permit.

The removal of the contents of pits and
cesspools by cartage appears to be in few
instances conducted with some profit ; more
frequently, however, the cost is at least

equal to the return obtained, and very often

it is a source of loss. The treatment of liquid

sewage does not appear to have advantage in

any instance except in lessening the nuisance

that would be otherwise caused by the dis-

charge of sewage into rivers, and in most in-

stances it has been a source of loss to the town3
where it is practiced. In regard to thia

point there is a marked difference between
the results obtained in this country and
those obtained on the Continent, where the

removal of the contents of pits is frequently

profitable either to individuals or to towns.

The cost of the application of sewage for

irrigating land appears to be dependent on
a number of local conditions, and, conse-

quently, to vary considerably. It would
seem from the data obtained, that in many
instances the outlay requisite for this pur-

pose would exceed what a farmer could be

expected to incur, and that in such cases at

least, it would be proper to regard this out-

lay as coming under two distinct heads,

viz : that which a town may reasonably be

expected to bear for the mere object of get-

ting rid of its refuse, and that which a land-

owner or farmer may be able to incur for

the improvement of his land. It is probable

that when viewed in this light the applica-

tion of liquid sewage to land would become

a source of revenue to towns only under

special favorable circumstances, but that, in

opposition to the opinions which have been

somewhat hastily formed in certain cases, it

will more frequently entail some amount of

expenditure on the towns themselves. At
the same time the benefit to land and the

improvement in the condition of rivers to

be realized by the mode of dealing with

liquid sewage can scarcely be matter of

doubt or uncertainty any longer.

In regard to the sanitary aspect of the

subject, it maybe regarded as beyond qiies-

tion that the practice of allowing excretal

refuse to accumulate and remain for a long
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time neglected near dwellings in pits, mid-

dens, cesspools, or otherwise, is almost inva-

riably accompanied by prejudicial effects on

the sanitary condition of the places where
it is adopted, either by the impregnation of

the soil with decaying material, by the pol-

lution, or by noxious inhalation. But even

in places where the water supply has been
improved, where a system of sewerage has

been adopted, and other measures have been
taken with the object of getting rid of the

excretal refuse, the fact that the rate of

mortality has not been sensibly, if at all,

diminished, appears to point to some cir-

cumstance as yet insufficiently guarded
against, which still exercises a prejudicial

influence. The imperfect or defective na-

ture of the sewerage may in some cases be
the cause to which this result is referable.

But the part of the sewage system which
most urgently demands attention at the

present time is the ventilation. Gases of a

poisonous nature are freely given off from
liquid sewage in passages above the sewers
from deposits collecting in them and in the

house drains. The gases naturally ascend
the sewers, and find egress either into the

streets of a town or into the dwellings, by
means of the house drains and otherwise.

The means adopted for getting rid of these

gases without injury to the sanitary state of

a town, or of the houses in it, are rarely

such as to be effective, and the returns al-

ready obtained in reference to this matter
sufficiently show that attention has not been
directed to it in a degree commensurate
with its importance. On these grounds the

committee consider it would be in the high-

est degree desirable to institute an inquiry

into the nature of the gaseous emanations
from sewers in various places.

In reference to the application of liquid

sewage to land, they also consider it would
be very serviceable to make some inquiry

into the nature of the sewage discharged in

various places, so as to ascertain the differ-

ence that exists in liquid sewage, so far as

its value as manure is concerned, and at the

same time to endeavor to obtain more defin-

ite information as to the cost of removing,
and the agricultural value of right as estab-

lished by practice.

The French Transatlantic Company
have contracted to supply their steamers

with electric lights. The difficulties of this

source of light have been much reduced,
and its application looks hopeful.

IRON AND STEEL NOTES.

Use of Steel on the Pennsylvania Railway.—
Steel axles were first introduced, " to secure

additional safety/' in 1864; and at the end of 1866,
1,907 had been received—600 for passenger and
1,307 for freight cars—the report of their exclusive

use under passenger, baggage and express cars, in

1867, being favorable. The number of steel wheels
and axles in use during 1868 was 1,042—25 in loco-

motive trucks, 153 under tenders, and 776 in the

passenger and 88 in the freight equipment. Two
steel axles out of every hundred are tested under a
drop weighing 1,640 lbs., the axle being supported
on bearings three feet apart. Passenger axles are

required to stand five blows at 30 feet, and freight

axles five blows at twenty feet, the axles being
turned after each blow.

The use of steel tires was begun in 1861, and in

1866, 62 sets were in use under passenger and freight

engines. The first set used ran 103,370 miles (five

years' wear) without turning. In 1868, the number
used was 327; together with 160 chilled and 15 iron

tires, a decrease (217) over 1867, which, the report

says, speaks well for the economy of the steel tires.

It was early noted that not only are they more dura-

ble and safer, but that their adhesive power, even
on steel rails, is superior to that of iron tires. On
this account they are being tried on the mountain
pushers and shifting engines.

The following shows the average mileage per 1-16

inch in thickness wear of tires, on wheels of diame-
ters of 44 , 48, 54, 60, and 66 inches

:
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In the twelfth report (1858) the results of expe-
riments with copper fire boxes were given at length,

the difference of cost on copper box being $278 less

than that of two iron boxes ; while its average du-
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ration was five years, in comparison with from three
to four years for the two iron boxes. Indeed, the
first, put on the road in December, 1852, had been
in constant use up to Decemcer, 1858; and 22 new
ones were introduced during that year. During
1861, 15 were put in, but as the higli cost of copper
unduly swelled cost of repairs, and as iron boxes
would not answer at all, recourse was had that year
to a box constructed of homogeneous cast-steel

plates. Their use receives favorable mention in

the report for 1863; and in 1866, 76 were reported
as in service, not one of which had—whether from
cracking, leaking of seams or drawing of stay-bolts

—

failed in any respect, or exhibited perceptible wear.
Their success being complete, no others are now
built, the number added, in 1868, being 31.

—

Chi-
cago Railway Review.

Aluminium and its Alloys with Iron.—In re-

gard to toughness, the union of 7 per cent of
iron with aluminium can scarcely be distinguished
from the latter metal when pure. Both metals
easily combine with each other. Commercial alu-

minium mostly, contains iron ; it remains ductile

with as much as 10 per cent of copper, and when
containing only half as much, it may be worked
still easier. If alloyed with small quantities of
zinc, tin, gold or silver, the metal is rendered hard
and more brilliant, but remains ductile. Es-
pecially recommended is the alloy, consisting of 97
per cent of aluminium and 3 per cent of zinc. The
alloy with 7 per cent of tin can be worked well, but
does not take a very fine polish, and cannot be cast,

since a more fusible alloy with a large proportion
of tin is separated. Aluminium and lead do not

unite. The composition, with 3 per cent of silver

and 97 of aluminium, possesses a beautiful color,

and in equal parts they yield an alloy of the hard-
ness of bronze. The union of 99 per cent of alumi-
nium and one of gold is, though hard, still ductile;

its color is that of green gold. With ten per cent

of gold the composition is rendered crystalline.

n^HE Ferryhill Furnaces.—Among the most
X remarkable objects lately visited by the mem-
bers of the institution of Mechanical Engineers
were the great furnaces at Ferryhill. the largest, as

our readers know, yet constructed. The pair, 27
ft. in diameter in the boshers, and 105 ft. high,

have been successfully working for the last two or

three years, no difficulty being found as to crushing
the coke by the height of the column of materials,

nor as to raising the materials themselves by the

hydraulic hoists, constructed by Sir William Arm-
strong and Co.; and at the same time the tempera-
ture of the gases at the tunnel head, or rather,

under the bell, is, we understand, hardly 500 de-
grees. The stacks are not supplied with sufficient

blast, but their make, as reported to us, is enorm-
ous. With an iron stone containing 37 per cent of

iron, three casts are made every twenty-four hours,

and the daily cast from each furnace is from 75 to

100 tons, or a maximum of 700 tons each per week.—Engineering.

Iron Analysis.—Gintl gives a very easy method
of determining the impurities in cast iron. It is

applied by him to the estimation of the sulphur
contained in the iron; but, as will be seen, it is

available for the separation and determination of
most of the usual impurities. The iron is reduced
to as minute a state of division as possible, and is

I

then treated with a strong solution of perchloride

of iron, as nearly neutral as possible. The mixture
is kept heated for ten or twelve hours, at the end
of which time almost all the iron will be found to

have dissolved, leaving, as a residue, the car-

bon, sulphur, phosphorus and silicum, together
with the little iron left undissolved. This residue
has only to be well washed, oxidized and dissolved,

and the sulphur estimated as sulphate of baryta.

The exact plan directed by the author is to intro-

duce the residue and filter into a porcelain cruci-

ble, having at the bottom three parts of nitrate of
potash and one part of hydrate of potash ; heat to

fusion, dissolve and precipitate with chloride of
barium. The phosphorus and silica will be con-
tained in the same solution, and can be determined
separately.

—

Jour. Franklin Institute.

An Alloy of Iron and Zinc—It is a well-known
fact that iron is dissolved by molten zinc, but

nowhere h any definite alloy of these metals des-
cribed, nor is it also stated how much iron is dis-

solved by zinc. Dr. Oudemans, Jr., obtained from
analysis a piece of metal which had been formed in

an iron vessel wherein zinc had been fused for sev-

eral weeks continually ; this metal was found
deposited at the bottom of the vessel, and became
an impediment to the melting operations in con-

sequence of the relative infusibility of the alloy.

In physical aspect this latter was of very much
whiter color, and entirely different crystalline struc-

ture from zinc; the alloy dissolved very readily and
briskly in dilute sulphuric or hydrochloric acid,

and was found, on analysis to contain 4.6 per cent

of iron. Taking for granted that this alloy is a
definite compound of the constituent metals, its

formula would be—FeZ 38 (F—56 ; Zn32 75).

—

Jour. Franklin Inst.

Iron and Zinc.—It is a well known fact that iron

is dissolved by molten zinc, but nowhere is any
definite alloy of these metals described, nor yet is

it stated how much iron is dissolved by zinc. Dr.

Ondemans, jr., obtained for analysis apiece of alloy

which had been formed in an iron vessel wherein

zinc had been fused for several weeks continuously

;

this alloy was found deposited at the bottom of the

vessel, and became an impediment to the melting

operations, in consequence of its relative infusibility.

In its physical aspect the alloy was of very much
white color, and crystalline structure entirely differ-

ent from zinc; the alloy dissolved very readily and
briskly in dilute sulphuric or hydrochloric acid, and
was found, on analysis, to contain 46 per cent of

iron.

—

Quarterly Journal of Science.

(Crystallization of Iron.—During an examina-
) tion of the Heaton process for making steel at

Langley Mill, Mr. Crookes has noticed a remarkable
instance of the crystallization of iron. When the

violence of the action between the molten iron and
the nitrate of soda has subsided, the lower

portion of the apparatus, called the converter, is

detached, and after a few minutes the contents

are turned out on to the floor in the form
of a porous mass of nearly three -fourths of a ton in

weight. Upon examining portions of this metallic

sponge, it is found to consist of a segregation of

minute feathery crystals of iron, apparently built up
of small cubes. The outlines of some of these are

perfectly sharp, and their appearance, specially in

the cavities, is very beautiful.

—

Quarterly Journal

of Science.
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Improved Blast Furnaces.—The Fraisans Iron-

works, near Besangon_ have recently received

many improvements in the system of construction

and in the working of the blast furnaces. The fur-

naces are 65 ft. high, and 11 ft. 6 in. diameter at

the top ; they are nearly cylindrical ; the diameter

is 13 ft. 2 in. only at 12 ft. over the ground. There
are eight tuyeres around the furnaces, and the di-

ameter is 11 ft. 6 in. to the level of the tuyere. Up
to 12 ft. from the ground the wall of the furnace is

made with hollow cast-iron plates inside, through
which there is a constant flow of water; the lining

of the furnace is made with a single row of fire-

bricks, 4 in. thick; the upper part of the furnace is

made of riveted sheet-iron ; the fire-brick lining is

also 4 in. thick, but there is a distance of 2 in. be-

tween the sheet-iron and the bricks, and a circula-

tion of air prevents the overheating of these bricks.

This arrangement admits of very quick construc-

tion, and the body of the masonry being very little

it is easily dried; one of these furnaces was in

working order three months after tbe beginning of

its construction. The daily production of these

furnaces is above forty-five tons of pig iron. The
ore, which contains 40 per cent, or 45 per cent, of

iron, is supplid by rail from a distance of eight

miles ; the coke comes by canal from St. Etienne,

Montchanin, or Epinac—an average distance of

eighty miles. The consumption of coke is 18 cwt.

for one ton of pig iron. The ore is mixed with 30

percent of puddling furnace slags; these slags are

ground, and mixed with lime and manganese, and
then converted into bricks, which are carefully dried

and set with the ore in the blast furnace. The sili-

con of the slag unites itself with the lime, and the

oxide of iron is reduced; the slag is prevented

from smelting before this reduction. This system
admits the introduction of slags in the blast fur-

nace in a much larger proportion than usual. The
pig iron seems to be produced at the price of about
£2 12s. per ton, which is very low for a district so

far from the collieries.

—

The Engineer.

Improvements at Creusot.—A new wrought-iron
chimney has been recently erected at the Creusot

Ironworks. It is 197 ft. high and b' ft. 7 in. diam-
eter. At the bottom the diameter is increased to

10 ft. by a curved base, which is fastened by verti-

cal bolts to masonry work. The thickness of the

sheet-iron is 3-32 in. at the top, and 7-16 in. at the

bottom. There is an inside iron ladder. The weight
of this chimney is forty tons; it has been riveted

horizontally and lifted afterwards with a crane.

Another one, 275 ft. high, will be soon erected, but
by a different system ; it will be riveted vertically,

with an inside scaffolding. These chimneys are

built for an extension of the Creusot Works, espe-
cially intended for steel-making, There will be
eight Bessemer converters, where the cast-iron will

be run direct from the blast furnace ; there will be
also many Martin's furnaces and an extensive

workshop for melting steel in crucibles, where it

will be possible to melt together fifty tons of steel.

All these new works are surrounded with great

mystery, and the admission of visitors is rigorously

prevented.

Steel Fire Boxes.—It is stated by the "Iron
Age " that the Baldwin Locomotive Works re-

cently ordered 125 tons of steel plates from a Phila-
delphia maker.

IIhe Pencoyd Iron Works.—These works are
located on the line of the Reading railway and

Schuylkill canal, about six miles from the city of
Philadelphia. The location is one that enables the
proprietors, Messrs. A. &. P. Roberts, to obtain
coal from the Broad Top region, and pig iron from
Schuylkill and Lehigh Valleys, at a minimum cost.

The works were established in 1852, and the first

order, for twelve hammered axles, was received
and executed in December, 1852. Finding a num-
ber of the railways were using the rolled axle, most
of which were imported at that day, the proprietors

determined on the erection of a rolling mill, which
was put in operation in the fall of 1854, since which
the business has been steadily increasing, until it

has reached a product of 30,000 axles a year; and
they have earned a reputation for their axles, both
rolled and hammered, that is second to none in the

country.

These Works consume largely of scrap iron, all

of which is thoroughly cleansed from dirt and rust

by placing it in revolving cylinders, preparatory to

piling and rolling. The rolled axles are further

improved by having the journals hammered in;

after the axle is made, the ends are placed in a
beating furnace and brought to a white heat, and
then placed under a heavy hammer ; this serves to

clean and condense the iron, giving a cleaner and
better wearing surface.

They have lately engaged in the manufacture of

Bessemer steel axles, and are now executing an
order of some 200, for the Pennsylvania railway,

under a guaranteed test of a drop 1649 pounds,
falling 20 feet, the axle to stand five blows, revers-

ing at each blow. The axles are made four feet

longer than required in use, to give a trial piece.

They are also making bridge bolts, piston rods,

etc., of Bessemer steel, and lately rolled bridge bolts

for the Philadelphia, Wilmington and Baltimore
railway, of this steel, 35 feet long, 2\ inches in

diameter. In addition to the axle business, which
is their speciality, they manufacture bar iron,

bridge bolts, guaranteed to stand 60,000 pounds
tensile strain to the square inch, and Pencoyd
shafting.

—

American Railway Times.

f\ ualities of Steel.—Kirchweger gives the fol-

v£ lowing review of various sensible qualities of
the different sorts of steel and iron

:

Cast-steel shows a fine-grained and most regular
fracture, hardens by sudden cooling, contains from
1.5 to 1.75 per cent carbon, and possesses 183 lbs.

absolute resistance per square millimeter.

Puddled cementation, or blister steeel, welds and
hardens, contains from 0.66 to 0.49 per cent, of
carbon; absolute tensile resistance 128-199 lbs.

Bessemer steel is fit for welding, hardens very
little, is very flexible, fine-grained in the fracture

like cast-steel, and contains from 0.51 to 0.65 per
cent of carbon; absolute tensile resistance 111-150
lbs.

Fine-grained iron is fit for welding, shows a fine-

grained fracture, does not harden, and contains from
0.51 to 0.65 per cent carbon; tensile resistance be-
tween 70 and 117 lbs.

Boiler-plate iron is fit for welding, does not harden,
shows a fibrous harsh fracture, and contains between
0.50 and 0.65 per cent carbon; resistance 66 lbs.

These comparative statements must only be taken
for what they are—mean deductions from German
manufacture.
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ri^HE Utilization of Blast-furnace Slag.—At
JLthe Cleveland Institute of Civil Engineers, Mr.
Crossley has recently brought forward some inter-

esting facts and suggestions with regard to the

possible utilization of blast-furnace slag. Mr.
Crossley states that blast-furnace slag is a com-
pound containing an excess of lime; gray slag con-

tains in 100 parts, and on an average:—silica 38.25,

alumina 22.19, lime 31.56, magnesia 4.14, protoxide

of iron 1.09, manganese a trace, sulphide of calcium

2.95; but its composition is not uniform, and differs

according to circumstances. Several things can be

done with slag, though its chemical composition
would lead us to imagine that it is almost valueless.

It can be converted into paving stones, it can be

used to obtain sulphate of alumina, aluminate of

soda, and pure silica for the manufacture of por-

celain. The author makes known a plan of his own
in which the slag, aftei being pulverized, is treated

with hydro-chloric acid, which gives the silica in

a gelatinous form whilst the alumina, lime, magnesia
and iron are dissolved. The solution is evaporated

to dryness, washed with water to dissolve the

soluble salts, and the insoluble residue is treated

with sulphuric acid, by which means sulphate of

alumina is formed, the solution of which may be

decanted off ; the silica, after washing the water,

is left in a pure state. The sulphate of alumina
may either be evaporated to obtain the salt in a

solid or dry state, or it may be directly used for the

manufacture of alum. By this process they will

give a product worth 3/. per ton, and another worth

11. per ton. Every 100 tons of slag will yield 33 tons

of pure silica and 147 tons of sulphate of alumina.

In some districts certain of the rarer chemical sub-

stances are found in blast-furnace slag, and might

be extracted as by-products and sold to the deal-

ers in chemical curiosities.

—

The Scientific Review.

ANALYSES OF SWEDISH BLISTER STEEL. Dr.

David Forbes has examined cementation steel,

manufactured at Sheffield of Swedish bar-iron, and
found its constitution

:

Carbon, in chemical combination 0.627

Carbon, graphitoid 0.102

Silicon 0.030

Phosphorus 0.000

Sulphur 0.005

Manganese 0.120

Iron 99.116

100.00

Setfert, McMannus & Co., proprietors of the

Reading Iron Works, employ 2,000 men in their

foundry, steam forge, rolling and nail mills, tube

works, &c. The rolling mill has a capacity of 5,000

tons per annum; the tube mill about 10,000,000

feet of wrought iron gas, steam and water tubes,

besides 3,000,000 feet of lap-welded boiler tubes;

350 tons of pig metal are produced daily, and about

5,000 tons of sheet iron annually. The wages
amount to $70,000 per month.

—

Iron Age.

I^he Bethlehem Iron Company have a strong

. force at work putting up their new rolling mill

in South Bethlehem, which, when finished, will be

the largest mill of its kind in the United States. It

is to be 400 feet wide by 900 feet long. They in-

tend to manufacture all kinds of railroad iron, and
also steel rails. Siemens furnaces will be used
exclusively, for both puddling and heating.

ORDNANCE AND NAVAL NOTES.

Small-arm Powder.—The particular point to be
attended to in comparing small-arm powders is,

which gives the best target— that is, virtually,

which is most uniform. A powder which gives the
best target will, when tested by the Navez-Lewis
electro-ballistic apparatus, be found also to show
the greatest uniformity in the velocity imparted to

the projectile.

One powder may surpass another, either in incor-
poration—that is, in the thoroughness with which the
three ingredients have been worked together ; or in

physical qualities—the shape, density and hardness
of the grains. Practically, all the best English
powders, whether made by Government or by the
private makers, are equal as to incorporation. No
foreign powders can compete with them in this

quality, as may be easily tested by flashing off a few
samples of both on a glass plate. The specks of
unburnt saltpeter and sulphur which all foreign

powders leave on the plate show the imperfect man-
ner in which they have been worked. This arises

from the insufficient nature of the incorporating
machinery in use abroad, where the powerful iron

and stone mills now universally used in this country
are unknown. An imperfectly incorporated powder
would never shoot strongly or regularly, and would,
moreover, foul the piece excessively. The conver-
sion of the incorporated ingredients into grains is

the part of the manufacture which most aflects the
shooting qualities of powder. The only way to

effect this is to press the mixture into hard cakes in

a hydraulic press, and then crush these into grains

between toothed metal rollers. The density and
hardness of the finished powders (most important
features) depend entirely on the pressing process

and on the state in which the mixed ingredients are

before being submitted to it; and, although it is

impossible to ensure uniformity of results with the

present machinery, two powders may be made to

agree tolerably closely in these particulars. The
grains, after being freed from the dust generated in

the granulating process, are glazed or polished by
long continued friction together in revolving wooden
barrels. If this process affects, to any very consid-

erable extent, the shooting qualities of the powder,
it is, probably, not so much by imparting a surface

or glaze to the grains as by rubbing them down to

a more uniform shape.

The extent to which a little variation in the sizes

and shapes of the small black grains which consti-

tute a charge of powder affects the shooting is very
remarkable, as every grain takes a different time to

burn in proportion to its size and shape. Supposing
the density and hardness to be uniform, it follows

that, if cartridges could be made up of grains all abso-

lutely alike in these two particulars, absolute uni-

formity in shooting would be obtained. The delicate

modes of proof which we possess afford conclusive

evidence in support of this. A minute examination

of the ordinary small-arm powder of the service

—

the "rifle fine grain'"' as it is called—will show that

it is made up of grains which vary very considera-

bly in size. It is, in fact, when finished, sifted out

between sieves of twelve and twenty meshes to the

inch; it must all pass through the former and be

retained on the latter. If a quantity of this powder
be taken and sifted on sieves of 12, 14, 16, 18 and
20 meshes to the inch respectively, and if cartridges

be made up out of the several siftings and fired
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against others made up with the powder itself, the

former, as a rule, will give very decidedly more
uniform results than the latter, and the smaller the

size of grain used the higher will be the velocity

imparted to the bullet. •*...*•
Unless some important alterations be made in the

granulating machinery so as to enable it to crush up
the pressed ingredients into more even sizes of

grain, there is no possibility of obtaining quickly a

large supply of powder of very even size. And if

one size only be made at a time, it would cost as

much for time and labor as treble the quantity con-

taining greater varieties of size of grain. This is

enough to account for the high prices such powders
must always bear, without having recourse to the

supposition that any one maker more than another

possesses some important secret which enables him
to turn out better powder. There is no article the

good or bad qualities of which can be more easily

detected, and nothing but an honest expenditure of

capital, time and labor, can produce a good article.—Army and Navy Gazette.

Proof of Guns.—Mr. Whitworth says of the late

trial of the 9 in. Fraser gun, pronounced so

wonderful by the British press, viz : firing 19 tons

of powder and 124^ tons of shot in 1,114 rounds,

that as more than half the rounds fired were with

powder charges, only about one -half the most effec-

tive charge, and the remainder with three-quarters

the charge, while all the shots fired were only two-
thirds the best weight for that size of bore, I con-
tend that it was no proper test of endurance but
sheer waste of ammunition.
Mr. Whitworth thus describes his own mode of

proof :—It consists in preventing the shot from
moving when the powder is ignited, the gases gene-
rated by the explosion escaping only through the

touch-hole. About one-sixth of the regular pow-
der charge fired in this way gives the same strain to

the gun as a full charge fired in the ordinary man-
ner. To prevent the movement of the shot, a screw
is cut on the periphery of the gun at the muzzle,
and on it is fitted a screwed cap having a solid end.

The gun is loaded with a cartridge of the ordinary
length, but containing one-sixth of the regular
charge, and supported by tin discs in the center of
the bore; aflat fronted shot, with tightwads to pre-
vent any escape of gas, and a round steel bar reach-
ing from the shot to the end of the bore, are then
introduced, and the cap with the solid end screwed
on. The gun is then ready for firing, after which
my measuring instrument is introduced into the
bore, and any enlargement to the 10-1000th of an
inch in extent may be ascertained. If there be no
enlargement, the powder charges may be gradually
increased, until a slight enlargement has been pro-
duced. The real strength of each gun is thus posi-

tively ascertained, and this strength I would have
recorded and stamped upon each gun. This would
give confidence to the gunners, and would act as a
check on those engaged in the manufacture. When
the ultimate endurance of any particular kind of
gun is thus to be ascertained, the regular powder
charges, or any less quantity deemed desirable, may
be used, the enlargements being recorded after each
discharge. A 9-pounder bore gun made of my
metal, but reduced 12 in. in diameter, has been so
tested, and has had 18 full chaiges of 1£ lbs. fired

from it. The expansion in the bore is now .1903
in. and that of the outside diameter is .0485 in.

The French Navy.—The "Revue Contempor-
aine" contains an article, by M. Amedee Mar-

teau, on the origin and gradual introduction of
armor-plated vessels into the French Navy. After
recalling to mind the first attempt in that direction,

during the Crimean war, when a few unwieldy iron-
clad floating batteries silenced the fort of Kimburn,
then the construction of the first armor-coated
frigates in France, the Gloire, Invincible, Couronne
and Normandie, the author adverts to the first voy-
age of an iron-clad across the Atlantic, performed
in 1862, by the latter when sent over to Mexico
with Admiral Jurien de la Graviere on board. It

was found that her rolling was fearful, as had been
predicted by the adversaries of the system, who
reasoned on the principle that her armor would
render her top heavy, which, according to theory,
must cause that defect. It was in order to remedy
it, that her altitude above the water-line was di-
minished, and her masts were lightened, on her be-
ing sent on an experimental trip to the Canaries, in

1863; but quite the contrary effect was produced.
At Madeira, a consultation was held onboard, which
ended in a resolution to try whether increasing the
weight above, and diminishing it below might not
prove a corrective, in spite of theory; and so it

was : about 200 tons of conical missiles were got
out from the hold and piled on deck, and this actu-
ally diminished the rolling considerably. The old
theory has since been proved erroneous by mathe-
matical calculations founded on these experiments.
The new principle was immediately carried into
effect in the Magenta and Solferino, which received
two tiers of batteries, whereby the upper weight
was considerably increased, and the vessel greatly
steadied. Four turret frigates, the Ocean, Maren-
go, Sufiren and Friedland are now building, and
will carry sixteen 11-inch guns. But besides these,

a flotilla of corvettes is partly formed, and partly
in course of execution. Instead of four turrets,

like the frigates, they have two, and carry, more-
over, four guns between decks. Each is armed
with a spur, weighing twenty-two tons, and is pro-
pelled by a 450-horse engine, which, however, may,
if necessary, increase its power to 1,800 or 2,000
hor&e.

fTlHE New British Rifle.—The 200 Martini-
JL Henry rifles which are about to be issued to the
troops for trial will, it is stated, be disposed of as
follows : One hundred will be sent to India, to be
divided among the three Presidencies; fifty will go
to Canada, as the station which, as regards climatic
conditions, stands in the most direct opposition to
India; and the remainder will be issued to the
troops at home. The arms will be fired as much
as possible, moved from one station to the other,
taken on the march, passed from regiment to regi-
ment, and subjected to as many of the vicissitudes
of actual service as can be imitated or produced in
peace time. About a million rounds of ammunition
will be manufactured for this trial ; but we regret to
hear that the strengthened or "bottle-necked',
cartridge is not yet decided upon, and it will, there-
fore, be necessary to supply the long cartridge,
which is not unlikely to prove somewhat weak on
service. The " bottle-necked " or shortened cart-
ridge will, doubtless, be preferred ultimately, and
it is unfortunate that some of these cartridges, with
arms to match, could not have been issued at the
same time as the others for comparative trial.

—

En-
gineering,
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Eads' Gun Carriage.—There is now in construc-

tion at Fort Hamilton, a carriage to be worked by
compressed air, and it is thought, by engineers who
have examined it, that it will prove a success. To
secure solidity and durability, and also to provide a

sufficient support for the gun and carriage, weighing
together over 61 tons, a circular excavation 15 feet

in depth was made, and upon the bottom a grillage

of timbers, each 15 inches square, was constructed.

Then six feet of earth, firmly packed, was placed
upon and between the timbers forming the grillage,

and upon top of the earth, about five feet in thick-

ness, or 150 tons in weight of concrete was laid, and
surmounting this is a granite cap or table weighing
42 tons. Sunken into the granite and fastened to it

by ten bolts, 2^ inches in diameter, and reaching up
through from beneath the grillage, and ten bolts of
the same diameter reaching through the granite only,

is the bed plate, weighing four tons. Resting upon
numerous small wheels which revolve upon a circu-

lar track in the center of the bed plate, is the gun
carriage, an ordinary triangular-shaped affair sub-
stantially built. Projecting from the rear, and
underneath the carriage, is an iron arm which is

securely bolted to a piston rod working in a cylin-

der. The cylinder is filled with compressed air

supplied from a hydraulic pump, worked by a small

steam engine, the pressure in the cylinder being 400
pounds to the square inch. When the gun is fired

the recoil is received in this cylinder, and upon the

compressed air, by means of the piston rod connect-

ing with the gun carriage. The pressure of the

compressed air, it is expected, will check the re-

coil, and throw the gun forward to its place, or by
the use of a lever it can be held back until it is

loaded. Surrounding the gun, and with an inclina-

tion toward the muzzle, is a wrought-iron apron,

upon the top of which is a track or groove, in which
the balls or shells are placed, the inclination of the

track forcing them around directly under the muz-
zle of the gun. At this point the ball drops upon a

frame bolted to a piston rod working in a small cyl-

inder. The piston rises, carrying the ball with it,

until it is opposite the muzzle, when, by an ingenious

arrangement, the frame holding the ball is tilted

over, and the ball rolls into the gun. This cylinder

is bolted to the gun carriage, and is, of course,

always in position to raise the projectile. The gun
being revolved, run forward, and the principal part

of the loading done by the aid of compressed air,

but little remains to be done by hand, and the in-

ventor is confident that the guu can be loaded and
fired six times a minute, or more than thirty times

as fast as by the present mode. If the invention is

a success, the advantages accruing from it will be

inestimable in a military point of view, and the prin-

ciple can be applied to ships-of-war, or, in fact, to

any or all heavy guns in whatever position they may
be placed. The carriage is being constructed upon
the designs of Capt. Eads, under the immediate
supervision of Mr. Wm. Lane, engineer in charge of

Fort Hamilton, and he expects to have it ready for

use within a week.

—

Tribune.

A New Explosive Material.—The following ac-

count of a new explosive material is abridged

from the " Kblnische Zeitung," May 19th, which
gives the " Militar-Wochen-Blatt " as its authority :

" It is now some time since the proprietors of the No-
ra-Gyttorp Powder Mills obtained a patent in Swe-
den, for the discovery of the so-called 'ammonia pow-

der,' a substance which has hitherto been only em-
ployed in a few mining districts, but which otherwise
seems wholly unknown. Its explosive force may be
compared to that ofnitro-glycerine, and, consequent-
ly, far surpasses that of dynamite. It cannot be ex-
ploded by a flame or by sparks, and the explosion is

effected by a heavy blow from a hammer. Blast
holes loaded with this powder are exploded by
means of a powerful cap, or, better, by means of a
cartridge containing common powder, for this forms
a more reliable exploder. One of the useful and
important properties of this new powder is. that it

does not require heating in cold weather, whilst

nitro-glycerine and dynamite must first of all be
warmed, and this has been the cause of many acci-

dents." The same paper further adds: "Accord-
ing to information we have received, ammonia pow-
der was discovered by the chemist, Norrbin." The
German " Building News " contains extracts from
a report of the Prussian architect, Steenke, who
makes the following remarks upon the safety of
ammonia powder :

" Experiments were made by
fastening a lamp to a pendulum, which was caused
to oscillate

; gunpowder, gun-cotton, nitro-glycerine,

and dynamite, all took fire as the flame passed over
them, but the ammonia powder did not begin to burn
till it had been touched by the flame twenty times.

In making experiments upon the force of the blow
required to explode it, it was found that, with the
apparatus employed, where the fall of a weight from
4 to 5 ft. wrould explode gunpowder, nitro-glyceriue

only required 1^ to 2 ft., dynamite 2| to 3 ft. fall,

whilst a fall from 12 to 15 ft. was necessary to cause
the explosion of the ammonia powder."

Gun Cotton .—At the Cambridge meeting of the

Association in 1862, a committee, consisting of

representatives of the mechanical and chemical

sections was appointed for the purpose of investi-

gating the application of gun-cotton to warlike pur-

poses. At the Newcastle meeting in the following

year this committee presented their report. It was
felt that a complete study of the subject demanded
appliances which could be obtained only from our
military resources, and at the Newcastle meeting a

resolution was passed recommending the appoint-

ment of a royal commission. This recommendation
was adopted, and, in 1864, a commission was
appointed which was requested to report on the

application of gun-cotton to civil as well as to naval

and military purposes. The committee gave in

their report last year, and that report, together

with a more recent return relative to the application

of gun-cotton to mining and quarrying operations,

has just been printed for the House of Commons.
A substance of such comparatively recent intro-

duction cannot be fairly compared with an explo-

sive in the use of which we have the experience of

centuries. Yet even with our present experience,

there are some purposes for which gun-cotton can

advantageously replace gunpowder, while its manu-
facture and storage can be effected with comparative

safety, since it is in a wet state during the process

of manufacture, and is not at all injured by being

kept permanently in water, but merely requires to

be dried for use. Even should it be required to

store it in the dry state, it is doubtful whether,

with the precautions indicated by the chemical

investigations of Mr. Abel, any greater risk is

incurred than in the case of gunpowder. In the

blasting of hard rocks it is found to be highly effl.
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cient, while the remarkable results recently obtain-

ed by Mr. Abel leave no doubt of its value for

explosions such as are frequently required in war-
fare. General Hay speaks highly of the promise of

its value for small arms ; but many more experi-

ments are required, especially as a change in the

arm and mode of ignition require a change in the

construction of the cartridge. In heavy ordnance,

the due control of the rapidity of combustion of the

substance is a matter of greater difficulty; and
though considerable progress has been made, much
remains to be done before the three conditions of

safety to the gun, high velocity of projection, and
uniformity of result, are satisfactorily combined.

—

Prof. Stokes, British Association.

The Palliser Gun.—Some particulars are to

hand relating to the practical working of a num-
ber of guns converted upon Major Palliser's system,
and which will prove interesting to our readers. In

1866, eight cast-iron 24-pounder and 32-pounder
smooth-bore guns were converted by Major Pal-

liser into 56-pounder and 64-pounder rifled

guns, with a view of ascertaining whether our
large stock of cast-iron guns could be advan-
tageously converted into rifled cannon. Of these

eight experimental guns one was tested for endu-
rance, by firing contiuuously, with shot of 64

lbs. weight, until it had completed 2,285 rounds,

of which 2,170 were with 8 lbs. charge, eighty-

eight with 14 lbs., two with 12 lbs., one with 10

lbs., and twenty-four with 16 lbs. and 86 lbs. shot.

The power of endurance of the converted guns was
thus thoroughly proven. Six of the remaining guns
were issued for service to home and foreign stations,

in order that the Royal Artillery might have an
opportunity of practicing with them. The prelimi-

nary reports from these stations have now arrived,

and are, on the whole, very satisfactory. The 64-

pounder issued to Devenport has fired over 300
rounds, the gun is reported to be perfectly service-

able, and no complaints have been made of any
difficulty in working. The Sheerness 58-pounder
gun has fired 200 rounds, and the practice is reported

as excessively accurate. The report from Gibraltar

speaks in high terms of the accuracy of the 56-

pounder issued to that station. The gun has fired

400 rounds, and is perfectly serviceable. The 56-

pounder issued to Malta has fired 250 rounds. At
Dover a 64-pounder has fired over 180 rounds with
remarkable accuracy. The gun is spoken of as

being, for handiness and fitness for rough work and
exposure, in every way equal to the old 32-pounder.
The 64-pounder on board the " Excellent " has

fired over 480 rounds with great accuracy, the

working of the gun carriage, &c, being in every
way satisfactory. These reports are of much inter-

est, proving, as they do, that the converted 64-

pounder gun is fully equal to the more expensive
wrought-iron gun of the same caliber.

—

Mechanics 1

Magazine.

Light Guns for India.—The Indian field equip-
ment committee have recommended the adop-

tion of the modified French rifling in place of the

"Woolwich rifling originally proposed. It will be
recollected that two riflings were in competition

—

the first being a modification of the French groove
suggested by Colonel H. Maxwell, Royal Artillery,

superintendent of the gun factory at Cossipore; the
other that form of groove known as the "Wool-
wich." The French groove gave slightly better

accuracy and a somewhat lower trajectory, but it

was thought that the wear of the guns, after con-
tinued firing, was somewhat greater with the French
rifling. And as the question of wear is one of im-
portance, the committee, in their preliminary report,

recommended the Woolwich system ; but when the
two guns came to be exactly measured to the thou-
sandth of an inch, it was found that the modified
French groove had really worn less than the Wool-
wich groove, and the guns will, therefore, be rifled

in accordance with this experience. The question

of ammunition is still in abeyance, awaiting the re-

port of the Dartmoor Shrapnel versus Segment
Committee, but as that report was, we believe,

signed on Saturday, the uncertainty on this point

cannot be of much longer duration.

—

Engineering.

IVTew British Ironclads.—The following armor-
JL\ clad ships are now under construction for the
Admiralty, either at the royal dockyards or private
shipbuilding establishments. They are said to be
in such a forward state that they will be completed
during the present or early in the ensuing year :

—

The Sultan, 12, 5,226 tons, 1200 horse power, and
the GUtton, 2, 2,709 tons, 500 horse power, double
screw turret ship, building at Chatham dockyard;
the Iron Duke, 14, 3,774 tons, 800 horse power,
double screw, building at Pembroke dockyard ; the
Swiftsure, 14, 3.893 tons, 800 horse power and the

Triumph, 14, 3,893 tons, 800 horse power, building

by the Palmer Shipbuilding Company at Jarrow-
upon-Tyne; the Hotspur, 2, 2,637 tons, 600 horse
power, armor-plated ram, building at the yard of
Messrs. Napier & Sons, Glasgow ; and the Vanguard,
14, 3,774 tons, 800 horse power, building by Messrs.
Laird Brothers, Birkenhead. In addition to the
above, the Abyssinia, 4, 1 ,854 tons, 200 horse power_
and the Magdala, 4, 2,107 tons, 250 horse power,
double screw iron armor-plated turret ships, are
building for the defense of Bombay, the former by
Messrs. Dudgeon, at Poplar, and the latter by the

Thames Iron Shipbuilding Company at Blackwall.

As soon as one of the building slips becomes vacant
at Chatham dockyard, a new armor-plated ram,
to be named the Rupert, of 3,159 tons, and 700 horse

power, is to be commenced at that establishment.

—

A new armor-plated turret ship, the Devastation,

of 4,406 tons, and 800 horse power, from the designs

of Mr. E. J. Reed, C. B., has been recently com-
menced at Portsmouth dockyard.

Submarine Steamship.—The accounts given of
the new submarine steamship invented by Otto

Vogel sound fabulous, and yet the Berlin Borsen-
zeitung asserts that the Prussian Admiralty has
approved of the plans submitted to them for inspec-

tion. The vessel, covered with strong plating, is

entirely below the surface of the sea, with the excep-
tion of the deck, which is surmounted by a vaulted
iron roof of immense strength. Beneath this cover-

ing heavy guns are placed, so that the whole greatly

resembles a first-rate ironclad. It is said, however,
that besides all the advantages of such men-of-war,
the new ship may be entirely submerged, and in

this position is so completely under command that

it can outweather a storm or attack an enemy with
submarine cannon and torpedoes. Vogel is now
engaged in constructing a large model twenty-four
feet in length which will soon be finished.

en. J. G. Foster, U. S. Engineer, has devised

a new and ingenious counterpoise gun carriage.G
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The following statement of the nominal strength

of the armies of Continental Europe was not

long since given by Baron Kuhn in the Austro-Hun-

garian Parliament

:

France.

Army 800,000

Mobile National Guard 550,000

Total 1,350,000

North German Bund.
Standing army 843.394

Landwehr 185,552

Total 1,028,946

South Germany.
Standing army 156,760

Landwehr 43,411

Total 200,171

North and South Germany together.

Total 1,229,117

Austro-Hungarian Monarchy.

Regular forces including navy and re-

serves 800,000

Border troops 53,000

Landwehr 200,000

Total 1,053,000

Russia.

Field army, including army of the Cau-
casus 827,350

Local forces 410,427

Irregulars 229,223

Total 1,467,000

Italy.

Army 348,461

Mobile National Guard, including Venetia, 132,300

Total , 480,761

Yelocitt of Shot in Guns.—A series of experi-

ments has been carried on during the last few

days at the proof butt, Royal Arsenal, Woolwich,

with instruments invented by Captain !Noble, late of

the Royal Artillery, and now one of the firm of Sir

William Armstrong &. Co., at Elswick, to measure

the velocity of a shot while on passage in the bore

of a gun when fired, and also to test the strength of

gunpowder. The results of the experiments are not

yet made known, but it is anticipated that they will

materially alter the data upon which theoretical

calculations are made in gunnery.

Improved Cartridges.—A great improvement
has been effected in breech -loading cartridges,

by the Colt Firearms Company, by which the cart-

ridge case can be reloaded and capped after firing,

thus utilizing the same case a number of times. At
the Frankford Arsenal the machinery for making
the cases has been so much improved as to rival, in

precision and automatic character, the machinery

of the pin factory, or the mint, besides greatly re-

ducing the cost.

RAILWAY NOTES.
UNIFORMITY OF DESIGN AND STYLE IN MACHINERY

of the Pennsylvania Railway.—This is now
the inflexible rule in every department and class of
equipment and manufacture. The reform in this

respect, begun ten years since in the car department,
now extends to, and is very nearly realized to all

the departments of the road. The end arrived at

was, as then explained, "to get our entire equip-
ment in each class uniform;" and what particularly

commended it was, that it would dispense with a
superfluous variety of patterns and duplicate work
on hand for repairs. A larger view of late has pre-
sented itself, expressed by the superintendent of
motive power and machinery, in his report for 1868,
who says that its importance, " both as a measure
of economy and increased efficiency cannot be too
highly estimated; for, with such a system only can
the cost of repairs of locomotives and proportions of
engines out of service be reduced to a minimum.''
The superintendent of motive power and machinery
is assisted by a mechanical engineer, in charge of
the drafting room, after whose designs all work is

made; and gauges and templets are placed in the
hands of all manufacturers for the company, with
drawings of every portion, even to the seats for fire-

men and engineers in locomotives. As old stock
wears out, it is cut up; and the numbers re-appear
on " standard" engines and cars of uniform pattern
throughout. No deviation is permitted, at any
one's will or caprice; all changes must be adopted
generally. The system is not a novel one; it is only
peculiar to the road in the extent of its application.

When the new car shops are completed, the com-
pany will manufacture all its own cars; and the
time is not distant when it will replace all failing

engines, and make all necessary additions to motive
power, after a system equally comprehensive. In-
deed, it is calculated that in five years, instead of the

forty different classes of engines now in use (456 at

this writing; additions every week), there will be
but three main classes—standard 8-wheel passenger,

standard 10-wheel freight, and standard shifting.

—

Each of the first two classes will have a " modifica-

tion," the difference, however, consisting only in

the diameter of the driving-wheel and the size of

the boiler. An obvious result of the system will

be the fact that many of the most important pieces

of car or engine, being common to their class, will

be interchangeable—in locomotives, for example,
among castings, the driving-boxes, eccentrics, ec-

centric straps, etc., etc. The standard locomotive
of the road is no less admirably adapted to its work
and condition in style than in construction. Devoid
of all the brass ornaments with which with super-

fluous outlay it is customary to overload engines;

painted a plain black, with number in gilt and a few
neat gilt traceries, it is easily kept clean and its en-

tire look is in keeping with the character of its work.
The engineers who at first parted reluctantly with
the brass and the fancy painting would not now have
them back. Their mistresses are admired not for

adventitious charms, but for unpretentious, solid

worth; for the relations " she " sustains to her lord

and master are by no means without the refinements

of sentiment and afiection.

—

Chicago Railway Rev.

^Phe Projected Tunnel Railway Under the
X Mersey to connect Birkenhead with Liverpool,

for which powers were taken in a bill this session

has been abandoned for the present.
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The Mississippi Bridge at St. Louis.—Work
on the Mississippi bridge at St. Louis is being

rapidly pushed forward. The shore pier on the St.

Louis side has been completed to a point above low
water mark, and the dredge boats are now employed
in preparing for the sinking of a caisson for the sec-

ond pier, which will be located about three or four

hundred feet from the shore. The bed rock has
been sounded. In order to hasten the completion
of the bridge, a large body of workmen is engaged
on the Illinois side, digging for the location of the

final pier, and within two or three weeks the second
pier in the water and the fourth pier on the Illinois

side will be under way. The most difficult pier to

construct is the third, near the center of the stream,

owing to the rapidity of the under current and the

sloping character of the bed rock. Engineering
skill will, however, overcome all these obstacles,

and as soon as the second pier is under headway the

caisson will be sunk for the central one. The levee

for several squares is covered with stone, brick and
timber, which are being prepared for their respect-

ive positions. The estimated final cost of the struc-

ture is $7,000,000, $4,000,000 of which have already

been raised. As the work progresses, there is no
doubt but the Legislature, city council and county
court, will render sufficient aid to complete the affair

at an early day. The rapid currents, quicksand
bottom and other difficulties, incidental to spanning
a great stream like the Mississippi, will necessarily

prolong the work, but that within three years at the

furthest the bridge will be duly inaugurated, there

can be but little doubt. Capt. Eads, the chief en-

gineer, is laboring with enthusiasm and energy.

—

TVhile in Europe he visited all the bridges of note,

and secured translations of the reports of various

civil engineers on the subject of bridge building,

with a view to employing in the construction of the

bridge the most approved plans, so as to secure a

work that will not only be a model of beauty, as far

as engineering skill is concerned, but durable as

well. Associated with him is Henry Flad, a gentle-

man who ranks deservedly high among practical and
scientific engineers. Both are confident of com-
pleting the bridge in three years at the longest, and
even talk of two years as the most probable time.

The work of tunneling Washington aye., St. Louis,

will not prove as difficult a task as many suppose,

and it is believed that it can be accomplished with-

out disturbing either the sewer, water, or gas mains.

Should this operation, however, prove too hazardous,

then an elevated railway will be constructed. In

either event the road will terminate in a grand union

depot somewhere near Fourteenth street, forming a

direct connection with the Pacific and other roads.

—

St. Louis Times.

The Boiler Waters of the Pacific Rail-
road.—There are very few railroads which are

so located that good, fresh water for making steam
is accessible. In the course of the long stretch of

the Pacific Railroad, all the varieties of water
which are annoying to engineers have been met
with, and there is little doubt that the experience

with these waters will prove of great value to the

world. The table herewith presented exhibits the

saline composition of the water at nine successive

locomotive stations on the Union Pacific Railroad,

the stations being from ten to fifteen miles apart.

The analyses were made at the editor's laboratory,

and are as complete as the small quantity of ma-

terial used in the work would allow. It was im-
practicable to determine the contents of gases and
organic matter. An examination under more favor-
able cricumstances will shortly be made, and it is

confidently expected that in some of these waters a
notable amount of the rare alkali metals may be
found. The names at the top of the table desig-
nate the stations as represented on the railroad
time-table.

—

Clerical News.
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Light Rolling Stock.—It has now been indis-

putably established that it is possible to con-
struct a combined engine and carriage capable of

accommodating 66 passengers, of both classes, the

whole weight of which, fully loaded, shall not ex-
ceed, if indeed it do not fall short of 20 tons, while
the adhesion weight is nearly half as much, or ten
tons, and the average steam tractive force at least

half a ton. The resistance of such a carriage at

20 miles an hour upon a level, would not exceed
300 or 400 lbs., nor, upon a gradient of 1 in 60,
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more than from 1,050 lbs. to 1,150 lbs., the whole
actual work done being, say, 25 horse-power in one

case and 75 in the other, or, supposing the speed on
the gradient to be diminished to 17 miles an hour,

to but 50 horse-power. The carriage is not one of

the omnibus kind, but has seven compartments and
guard's van, in all respects in conformity with the

standard rolling stock of English lines. The weight
per wheel being in no case greater than 2\ tons, lines

of corresponding lightness would serve as well as

heavy lines now serve for heavy engines, loaded as

they are to from five, six, seven, and even eight

tons upon each driving wheel. If even half filled

with passengers, such a carriage at ordinary fares

would earn about 5s. per mile, and, if filled, of

course, twice as niuch. The whole cost of working
would certainly be small. When working upon
moderately easy gradients, the consumption of coal

would run but from 6 lbs. to 8 lbs. per mile, the

wages of driver, stoker and guard, making 100 miles

a day, to but l^d. per mile, and repairs to probably

less than a pound a day, or 2|d. per mile, these re-

spective expenses being thus only 5d., or say, 6d.

per mile, including all train charges. Permanent
way, station expenses, and general charges might
carry the whole to Is. or Is. 3d.; but even at twice

the last named cost there would be a high propor-
tion of profit on the work.

The motion of the carriage is easier than that of

an ordinary train, the total wheel base being so

much longer and yet so much easier from being

formed upon swivelling bogies. It is almost im-
possible to imagine that if branch line and other

short traffic passengers were allowed to make use

of this carriage, they would not universally pro-

nounce in its favor. Mr. Fairlie, the designer,

having worked out his system upon the great scale,

and with the most perfect success, as the experi-

ments at Hatcham have abundantly shown, is not

only to be congratulated, but is entitled also to the

warmest thanks of the whole railway body-politic.

—

Engineering.

Oscillation of Railway Trains.—Sir Charles

Fox says in the "Times": The oscillation of

railway trains, more especially at high velocities,

producing what is ordinarily called " gauge concus-
sion," is a very serious source of wear to the per-

manent way and rolling stock of railways, and, as a

consequence, of great expense, to say nothing of the

discomfort it occasions to passengers, and is, in my
opinion, caused in very great measure by the use of

wheels, the tires of which are portions of cones in-

stead of cylinders.

If the English engineers would use the swing
beam on their railway vehicles, they would be much
less troubled from this cause.

—

Ed. V. N. M.

The Mont Cenis Tunnel.—The underground
works of Mont Cenis are carried on with in-

creasing spirit and energy. The opening of the

great tunnel for the locomotive before July, 1871,
is confidently predicted. The Italian minister of

public works is hastening the construction of the

railway from Susa to Bardonneche, the southern
opening of the tunnel; a guaranty, it is understood,
being given that the grand opening will be completed,
and the whole properly walled and strengthened by
the time this railway is finished. The French gov-
ernment has given similar pledges as to the northern
opening at Modane.

Railway Casualties in 1868.—The complete
official tale of casualties to human life and

limb on all the railways of the United Kingdom,
during the twelve months ending with December
last, is 212 killed and 600 injured. But among the
killed eight suicides are counted for which the rail-

ways cannot be deemed responsible—unless, indeed,
the eight unfoi tunates were shareholders. Making
this deduction, we have 204 deaths. This, however,
is under the mark, but how much under the return
of the Board of Trade offers no means of estimating;
it tells us only that the statement of "accidents to
servants of companies or of contractors cannot be
looked upon as complete, as many railway com-
panies (not being required by law) do not report to
the Board of Trade every accident which may have
occurred to this class of persons." Nearly all the
recorded injuries and about two-thirds of the re-
corded deaths fall under, with reference to the suf-
ferers, two broad and opposite categories—accidents
from causes over which the sufferers had no control,

and accidents from causes originating in the mis-
conduct or carelessness of the sufferers. The other
deaths, about one-third of the whole, are classed
without specific regard to these conditions.

—

Engi-
neering.

The Thames Tunnel, which opened on the 2d of
August, 1843, was closed in July last, having

been a public footway for a period of twenty-six
years, less thirteen days. It has been purchased
for .£200,000 (one-third of its cost) by the East
London Railway Company, which line will be com-
pleted, as far as Wapping, in a short time. The
new Thames Subway from Tower-hill to Bermond-
sey (Mr. Barlow's scheme), commenced on 16th of
February of the present year, is proceeding very
rapidly, and, if all goes well, will be opened for

traffic in three months time. Its cost will be under
£20,000. The works of the old Thames tunnel
were commenced in 1825. Physical and financial

difficulties delayed the opening for eighteen years.

npHE Dusseldorf Bridge.—The great railway

X bridge over the Rhine, near the village of Hanirn,

a little above Dusseldorf, is progressing rapidly, and
will probably be completed before the end of No-
vember. The bridge is to consist of four arches,

the upper part of which will be made of iron. The
iron work of each arch will weigh 14,000 centners.

The bridge is united to the mam line on the left

bank by a viaduct consisting of fifteen stone arches,

but this viaduct does not immediately join the

bridge; it is separated from it by a revolving draw-
bridge, so that the line can be rendered impassable

at any moment. On the right bank a fort is being

built which will command the whole bridge.

A Rapid Change of Gauge.—In Missouri, last

month, the Missouri Pacific Railway, a road

nearly 200 miles long, changed its line from the

broad to the narrow gauge. Nearly 1,400 men were
engaged in the work, and they labored with such
celerity that the task was accomplished in twelve

hours, and without interrupting the business of the

road.

Boutet's Bridge.—A site for the erection of the

model of the railway bridge from Calais to

Dover, designed by M. Boutet, has been granted, at

the Government marble depot, Paris, by the Em-
peror's minister of the imperial household.
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NEW BOOKS.

machinery and processes of the industrial

Arts, and Apparatus of the Exact Sci-

ences. By Frederick A. P. Barnard, LL.D.,

U. States Commissioner, Paris Universal Exposi-

tion, 1867. ' Washington : Government Printing

Office, 1869. 8vo, pp. 669. For sale by D. Van
Nostrand, 23 Murray street, New York.

This is an extremely valuable memoir upon a

great number of important topics connected with

the Industrial Arts and the applications of mechan-

ical and physical principles, as these were illustra-

ted in the French Exhibition of 1867. These are

considered in a systematic and exhaustive manner,

in fourteen chapters, of which the general headings

are: I. The relation of invention to industrial pro-

gress, pp. 1-25; IL Motors, pp. 25-127; III.

Transmission of force, pp. 128-150; IV. Accumu-
lation of force, pp. 151-161; V. Measure of force,

pp. 162-168; VI. Direct applications of force, pp.

169-218; VII. Meters for liquids and gas; Boiler

feeders, pp. 219-236; VIII. Machines and mechan-

ical apparatus designed for special purposes, pp.

237-280; IX. Processes and Products, pp. 281-

332; X. Diving and Respiratory apparatus, pp.

332-346; XI. Improvements in the application of

cold, pp. 346-360; XII. Artificial production of

cold, pp. 361-402; XIII. Light-house illumina-

tion, pp. 403-416; XV. Printing and the graphic

arts, pp. 417-468. Under each of these general

heads we find grouped a great number of most in-

teresting and important matters, about many of

which it is impossible to find elsewhere, if at all, so

clear and exact statements. The mere enumera-

tion of the topics thus discussed would fill several

pages of this Journal.

The just claims of American skill and science

are fully stated, with occasional reclamations,

among which we are glad to find under chapter

XII, a full recognition of Prof. Alexander C. Twi-

ning's American Ice Machine of 1850, which is un-

questionably the progenitor of all similar machines,

and which has been most shamelessly pirated and

appropriated by European inventors. In conclu-

ding his account of Prof. Twining's apparatus, Dr.

Barnard adds : "It cannot be too much regretted

that an invention of so much merit and importance,

and of which the soundness and commercial value

had been so fully demonstrated, both theoretically

and experimentally, should, through the apathy or

timidity of capitalists, have been permitted to be

neglected in the country in which it originated, till

foreign enterprise had seized upon it, and developed

it into a great industry."

This Report is illustrated by well-executed wood
cuts of the most important forms of apparatus dis-

covered, 154 in number, and is correctly and hand-

somely printed, under the supervision of Prof. W.
P. Blake, charged with editing the Reports of the

United States Commissioners of the Paris Exposi-

tion of 1867.

—

Am. Journal of Science and Art.

Submarine "Warfare. By Lieut. Commander
Barnes, U. S. N. D. Van Nostraud, 23 Mur-

ray street, New York. 1869.

This is an important book to military men, and
consists of an examination of the various offensive

and defensive engines that have been contrived for

submarine hostilities, including a discussion of the

torpedo system, its effects upon iron-clad ship sys-

tems, and its probable influence upon future naval

wars. Plates of a valuable character accompany
the treatise, which affords a useful history of the
momentous subject it discusses. Beginning with
David Bushnell, who was born in Connecticut iu

1742, and was the first inventor of torpedoes, the

narrative is brought down to our own day and in-

cludes those most famous practical epochs of sub-
marine operations, the Crimean war and our own
late struggle. The contrivances of Fulton, and his

negotiations concerning them with the French and
English governments, are described, as well as the

later experiments of Colonel Colt and his cognate
proposals to the authorities at Washington. The
author regards the Southern States as the first

power to introduce a regular system of torpedo
warfare. It is, however, certain that the Russians
used torpedoes, and even electricity as applied to

them, for defending their harbors against the Eng-
lish and French. Fulton thought of this applica-

tion of electricity, but gave it up as impracticable.

The nearest approach to a complete torpedo-boat,
in the opinion of the author, is theSpuytenDuyvil,
built by Messrs. Wood and Lay, U. S.N. This vessel

was not built in season to test her powers during
our late war; but Captain Barnes thinks her the
most formidable engine of destruction for naval

warfare now afloat. A great deal of useful infor-

mation is collected in his pages, especially concern-
ing the inventions of Scholl and Verdue, and of

Jones' and Hunt's batteries, as well as of other

similar machines, and the use in submarine opera-

tions of gun cotton and nitro-glycerine.

—

New York
Times.

A Short Course in Qualitative Analyses,
with the New Notation. By J. M. Crafts.

Professor of General Chemistry in the Cornell Uni-
versity. New York: John Wiley & Son. 1869.

Familiar with, and rightly appreciating the wants
of students, Professor Crafts has prepared a manual
as excellent in design as able in execution. It

goes over the whole field that a student would be

likely to work in, in a condensed, yet eminently
comprehensive and lucid manner. It gives full

instruction in manipulation, explicit directions for

conducting the various methods of testing and
accurate accounts of the operation of the usual

re-agehts, together with the behavior of the various

classes of substances in their presence. The general

arrangement of the subject is the best, perhaps, that

could be desired for the special aim in view; the

divisions are natural; copious references, back and
forth, among the different analyses, afford material

assistance; while the letter-press itself, with its

conspicuous headings, is called in to aid the stu-

dent's progress. The very full tables, at the end,

have all the force of diagramatic illustrations. We
need scarcely add that the classification, nomen-
clature and notation are in accordance with latest

researches in chemical philosophy. So very con-

venient, useful and trustworthy a book cannot fail

to take and maintain the place it was intended for

—

at the elbow of the student working in the labora-

tory. We commend it to the favorable considera-

tion of those engaged in teaching this branch of the

science.

—

New York Times.

Bulletin of the National Association of

Wool Manufacturers. Boston : Office, 11

Pemberton square.

The Locomotive Engineers' Monthly Journal.
August.
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A Manual of Machinery and Millwork. By
William J. Macquorn Rankine, C.E., F.R.

S-, &. London : Griffin & Co. 1869.

This in an entirely new work of Dr. Rankine's,

the Regius Professor of Civil Engineering and Me-
chanics in Glasgow University.

The book is divided into three parts. The first

treats of the Geometry of Machinery ; the second,

of the Dynamics of Machinery; and the third, of

the Materials, Strength and Construction of Ma-
chinery. Under the head of the Geometry of Ma-
chinery machines are considered with reference to

the comparative motions only of their moving parts

;

and rules are given for designing and arranging

those parts so as to produce any given comparative

motion.
Several problems in mechanism are solved by

methods which appear not to have hitherto been
published, and which possess advantages in point of

ease or of accuracy. Such are those regarding the

drawing of rolling curves, and of some kinds of

cams; the construction of the figures of teeth of

skew-bevel wheels, and of threads of gearing-

screws, by the help of the normal section; and
some improvemeuts in the details of processes for

designing intermittent gear, link motions aad pa-

rallel motions.

Under the head of the Dynamics of Machinery,
are considered the forces exerted and the work
done in machines ; the means of measuring those

quantities by indicators and dynamometers; of de-

termining and balancing the reactions of moving
masses in machines, and of regulating work and
speed; and the efficiency, or proportion in which
the useful work is less than the total work, in the

different sorts of moving pieces, and their various

combinations.

Under the head of the Materials, Strength and
Construction of Machinery are considered; first,

the properties of various materials, as affecting their

treatment and use in the construction of machines

;

secondly, the general principles of the strength of

materials; thirdly, the special application of those

principles to questions relating to the strength and
the construction of various parts of machines ; and
fourthly, the principles of the action of cutting tools.

The work is illustrated with numerous diagrams.

"We need scarcely say that any work of Professor

Rankine's on a subject such as this cannot but be of

great practical value. We have here simply to

draw the attention of readers interested in machin-
ery and millwork to its publication.

—

The Builder.

The Metallurgy of Iron and Steel, theoreti-
cal AND PRACTICAL, IN ALL ITS BRANCHES,

WITH SPECIAL REFERENCE TO AMERICAN MATERIALS
and processes. By H. S. Osborn, LL.D-, Pro-
fessor of Mining and Metallurgy in Lafayette Col-

lege, Easton, Pa., with 230 engravings on wood and
6jfolding plates. Philadelphia: Henry Carey Baird,

1869. For sale by Van Nostrand, 23 Murray street,

New York.
This voluminous and extensively illustrated work

is peculiarly valuable to American readers from the
fact that the American practice is so largely de-
scribed and illustrated. We have heretofore had
no book on iron and steel, to any large extent drawn
from home sources. While we can now confidently

recommend this work to our iron makers, both sci-

entific and practical, we must defer a more extended
notice of it until another issue.

^Transactions of the Institution of Naval
1 Architects. Vol. ix, 1868, 4to., plates. Pub-
lished at the Institution Rooms, 9 Adelphi Terrace,
London.

This last volume is as good as its predecessors;

perhaps, in one or two papers, better than some of
the eight volumes before it.

There is one rather formidable evil that besets
the character of a large proportion of the papers
brought to the annual meeting of this Institution.

It is that they are too much hobbies, trotted out by
their authors for very practical purposes, no doubt,
but these having very often a basis in gold only, the
papers are apt to be exaggerative or one-sided; and
the politeness of discussions, in which, probably,
friends manage to take a prominent part, do not
always counteract too favorable statements, much
less expose quackery.

There are some papers to which this applies in

this present volume—we will not risk the odium of
specifying them ; but, except in the case of two, we
really do not see that any very decisive corrective

was even attempted to be applied to statements
which, left unchallenged, must lead people astray.

There are nineteen papers altogether in the volume

;

the most ponderous—and, shall we say, puffy?

—

being that upon the well-worn " turret and tripod
systems," and that scientifically the most able and
important, being the last in the volume, by Prof.

Rankine, " On the waves which travel along with
ships." The doubts thrown upon Mr. Saxby's
magnetic methods of detecting internal defects in

iron, seem to be strengthened by the fact that, after

more than a year has since elapsed, we hear no more
about it. M. Rochusseu's paper on the Treatment
of Steel Plates is valuable and worthy of reference,

notwithstanding that it contains (p. 8) one astonish-

ing statement, viz : 'as the mere cost of melting
crucible steel, both in England and Prussia, is £9
per ton," &c. We had supposed that M. Siemens
undertakes to melt cast-steel in crucibles at a total

cost of under £1 per ton.

Were more and abler men of applied science to

preside as chairmen at these meetings in place of
ancient admirals and lords, the character of the

papers would prove higher, and doubtful statements
would be more effectually exposed.

—

The Practical
Mechanic's Journal.

Scientific Studies, or Practical in Contrast
with Chimerical Pursuits. Two popular lec-

tures. By H. Dircks, C.E. Reprinted. Small
8vo. Spon, London, 1869. For sale by Van Nos-
trand.

In the first of the two of these popular lectures,

Mr. Dircks returns to his first biographical love,

and the subject of his previous larger and faithfully

written biographies, viz : the " Life of the Marquis
of Worcester," of 1865, and " Worcesteriana," of
pleasant reading and contain some of the biographi-

1866. These lectures, slight as they are, form very
cal and historical cream of the larger life of the
celebrated and wonderful marquis.

It is peculiarly fitting at this time, when another
ignorant and self-sufficient parliamentary onslaught
has been just made again upon the patent laws, that

we should draw attention to Mr. Dircks' work first

above given in title. Without venturing to affirm

that we can agree in all the author's views as to the
rights and wrongs of inventors, we may say that his

views are generally full of good sense and clear
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thought, and that he individually and practically

comprehends what he is writing about, when treat-

ing of discovery, invention and the proper and im-

proper bearings of the existing patent law upon
these. Nothing can better show the real incapacity

of such legislators, as the openers of the late debate

on the abolition of the patent laws, to deal with the

subject, than their confusion of thought as to any
distinction between discovery and invention; aeon-
fusion, however, from which many inventors' and
patentees' minds are not exempt, but which Mr.

Dircks labors to clear away. We commend this

volume to all interested in patent-law reform, which
is urgently needed, and which should be initiated

by an effective Royal commission ot enquiry com-
manded to hear all pertinent evidence brought be-

fore it, and not contrive merely to hear such as shall

suit the foregone views of the commissioners, as

before now has happened.— The Practical Mechan-
ic's Journal.

Practical Mining, fully and familiarly de-
scRfBED. By George Rickard. Small 8vo.

E. "Wilson, Royal Exchange, London, 18G9. For
sale by Van Nostrand.

This little closely-printed volume, which is preg-

nantly full of matter, does not belie its title; it is

mining, limiting that to British metal-mining, fully

and familiarly described, and by a man who ob-

viously has had large experience.

It is, no doubt, impossible to condense into a thin

volume of this size, by any process of close type

and narrow margins, the whole that can or ought to

he said upon so large and so varied a subject, on

which much more might be written in the same
homely and sensible view as this is characterized by.

But the information given is clear, good and
practical, and we do not know a better elementary

work to be put into the hands of a lad who has

already mastered his schooling and is intended to

become a miner; it will at least give him a good
panoramic view of what he will be engaged in, and

what sort of knowledge he must acquire to succeed

as one of that specialized class of engineers called

in Cornwall "mine captains."

—

Practical Mechan-
ics

1 Journal.

Die Haupttheile der Locomotiv-Dampfma-
schinen, &c. Bearbt. v. C. Schepp, Civil-

ingenieur, Heidelberg, 1869. 1 vol. 8vo.

In the first part of this work the author clears

the table, so to say, by a didactic and critical sur-

vey of all the different classes and constructions of

locomotives which have got into established use.

In the second part he proceeds to construction

rules, and deduces ab origine the proportions, &c,
of all the important parts, including some of the

most recent German modifications and improve-
ments of valve gear. It is a very useful book, to

the reader of German, for the purpose proposed by
the author, "self-study," the best education that

mechanic or any other adult man can ever receive

—

that which he gives himself ; the only one that

leaves no fortresses of ignorance in the rear, as all

pupil-teaching often does, and as "cram" is sure

to do.

Herr Schepp's atlas of plates are excellent and
clear engravings, and valuable to the practical

locomotive builder, all the necessary dimensions
being given in figures, and a special system of

cross-lining, now commonly accepted in Germany,
is adopted, by which the constructive material of

every part is obvious to the eye without the aid of
coloring.

—

Practical Mechanics Journal.

Dictionary of Scientific Terms. By P. Aus-
tin IS'uttall, LL.D. Strahan & Co., 1869.—

For sale by Van Nostrand.

At a time when scientific and technical education

is so much needed, the issue of a dictionary of
terms in use in the practical sciences is timely, and
cannot but be useful ; more especially a good one,

as this seems to be; although, no doubt, within the

limits of it there are not a few omissions. Never-
theless, great pains seem to have been taken to ren-

der it as complete as possible, considering these

limits. The work is preceded by a useful intro-

duction to the classification and study of the

sciences.

The Painters' Magazine. Cincinnati : J. Son-
nendecker & Co., Publishers, 178 Elm street.

An excellent monthly, containing instruction in

the various styles and branches of painting, and
also information on the nature and composition of

paints.

XNVENTORS and Inventions, etc. In three parts :

the Philosophy of Invention; the Rights and
Wrongs of Inventors; and Early Inventors' Inven-

tories of Secret Inventions. By 11. Dircks, C.E.

8vo. Spon, London 1867. For sale by Van Nos-
trand.

MISCELLANEOUS.

Enameling Iron with Glass.—Among the most
interesting and beautiful processes of Birming-

ham industry must certainly be reckoned that of

enameling iron with glass, by the patented method
of Charles Henry Paris, of France, which was first

introduced into this country, a. d. 1850, by Messrs.

Selby and Johns, in conjunction with P. F. Grif-

fiths and Co. The enamel is a hard siliceous glaze

or covering, formed upon surfaces of wrought or

cast iron, so as effectually to prevent any oxidation

of the metal. According to a well-informed Bir-

mingham manufacturer it transpires that sea-water,

salts, and acids, produce no effect upon it. The
process was first applied to the coating of culinary

articles, such as saucepans, frying-pans, baking

dishes, &c. It is now applied to wash-hand basins,

meat dishes, tea-cups and saucers, dinner plates,

&c. These articles, owing to their cleanliness and

durability, command a large sale in this country.

By far the greater part, however, are manufactured

for use on board ship, or for the foreign or colonial

market. A fall or blow may cause the enamel to

chip, but the articles themselves are practically in-

destructible—a most important consideration where

the replacement or breakage is difficult or expensive.

Pipes for gas and water service have by this process

been enameled to some considerable extent. Upon
the introduction of this enameled ware it was usual

to coat the articles of a grey color, and owing to

their dull appearance the demand for them was

somewhat circumscribed. Shortly after the white

enamel was introduced with success, as being purer

and cleaner in appearance. The printing of the

enameled ware succeeded, and soon after Mr. Ben-

jamin Baugh extended considerably the production

by introducing enameled iron for door numbers,

wagon plates, insurance plates, mill plates, sign,

street, and index plates, show cards, door plates,

station name plates, gradient plates, &c. By a
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later improvement elaborate designs are transferred

in enameled colors to the surface of the plates, and
subsequently burnt in a furnace, thus rendering
them proof against atmospheric influence. Finger
plates for doors have been manufactured on this

principle with marked success, classic figures hav-
ing been introduced, or sacred imagery, well ac-

cording with the Serrure de Tabernacle. Another
feature in the recent improvements is the imitation

of engraved zinc plates with remarkable exactness.

Enamel has been applied also with marked success

to corrugated iron sheets for roofing and small

buildings (a chef d'eeuvre of Wolverhampton pro-

duct), a purpose to which its capability of resisting

the action of the atmosphere adapts it to a remarka-
ble degree. There is little doubt that much greater

extension of this and kindred branches of industry

is in store.

—

Cor. Engineer.

Velocipede Traction.—A correspondent of
" Engineering " says of the bicycle :

Merely looked on as a graceful scientific toy, I

think the instrument worthy of consideration, and
am sanguine of its being made use of for purposes
of travel. If you will grant me the space, I would
ask your insertion of the following data from Mo-
rin's experiments on traction, and Weisbach's
calculations of the work performed by a man
walking, and by comparison find the economy in

bicycle riding.

Extracts from Morin's experiments on traction

on roads, as reported in " Redtenbacher's Result-

ate," viz : two-wheeled carts, having wheels 64 in.

and 78 in. respectively, in diameter, and axles 2£
in. diameter, with tyres 4 in. and 5 in. wide :

On very good macadam

On good paved road

Parisian paved roads

Telford's older experiments gave JL. on paved

roads, and JT on macadam; also, I believe, with

common laden wagons without springs.

Now for the other side of the question : Weis-
bach, in his " Ingenieur and Maschinen Mecha-
nik," latest edition, 1865, second volume, page

323, computes the work done in walking on a level

road to be equal to the weight of the person mul-
tiplied by TVth of the speed per minute.

Now, if we suppose a man to weigh 140 lbs., and
to walk at the rate of 3 miles per hour, we should
have, by Weisbach's rule, 140X^^=3080 foot-

pounds per minute as the work done by walking.

I compute the traction for a bicycle to be at the

very outside y^th when going about 10 miles per

hour ; for, as a carriage, the velocipede is nearly
perfection, and is fitted with a spring, Taking the
weight of man and machine together as 210 lbs.,

and traction at -itl, we should get for the speed

of velocitJede, when the rider worked up to the
same power as when on foot, ^-^-^=1026.66 ft.

per minute, or about 11 .6 miles per hour.
I think Weisbach's estimate of walking to be

too high, and my own of the traction for a bicycle
to be too high also. If we thus estimate walking
to be equal to 1820 foot-pounds, and fraction at

For 64 in. For 78 in

wheels. wheels.

1
lam....

6g 2 82.8
1 1

86.3 107.9
1 1

10
79.9 99.9

-^th, we get a speed of 10.3 miles per hour for

the velocipede. It must, however, be remembered
that it takes months of practice to fully acquire
the use of a " two-wheeled horse."

Coal Product of Great Britain.—The pro-
duction of coal in Great Britain was, in 1867,

according to the returns given in the '• Mineral
Statistics," 104.500,480 tons. In 1868, according
to the returns of the Inspectors of Coal Mines, the
quantity was 104,566,959 tons. Of this the exports,
according to the returns of the Board of Trade,
were as follows :

Name of Country.

Russia
Sweden
Denmark.
Prussia
Hanse Towns
Holland
France
Spain and Canaries
Italy—Sardinia
United States.
Brazil
British India
Other Countries.

Total

Quantity. Declared Value.

Tons.
(523,767

336,099
835, 669
583,450
767,744
260, 0-18

1,925,370
524,161
288,852
103.851
293,577
542,570

3,752,355

10,837,513

£
306, 103
362,971
367, 721
239,101
346,393
126,004
872,492
294,243
145,590
72, 046
172,393
293,203

1,957,726

5, 355, 791

A return showing the quantity of coal raised in
and about the coal mines of Great Britain; the
number of fatal accidents and lives lost by the ac-
cidents, in the year 1868.

Names of Districts.
5:=

2o

Northumberland, Cumber- )

land, and N. Durham... J

South Durham
North and East Lancashire
\V. Lancashire & N. Wales
Yorkshire
Derby, Nottingham, Leices-

ter, and Warwickshire. .

.

North Stafford, Cheshire,
and Shropshire

S. Stafford and Worcester-
shire

Monmouth, Gloucester, \

Somerset & Devonshire j

South Wales

Totals: England & Wales

East Scotland
West Scotland

Totals: Scotland

Totals : England, Wales
and Scotland.

175
171
292
208
459

195

225

550

230
329

2,S34

254
203

457

3,291

Quantity of
coal raised

i_ » D - j= a
w.
* •»

Tons.

11,400,000
15,300,000
7, 053, 000
7,600,000
9,705,000

7,699,000

6, 000, 000

9,900,000

6,200,000
9, 000, 000

S9, 857, 000

8,456,084
6,253,875

14,709,959

104,566,959

67
84
63

126
77

58

57

90

59
100

69
87
65

237
SO

60

61

104

61
104

43
10

1,011

A Cement for Leather is made by mixing ten
parts of sulphide of carbon with one of oil of

turpentine, and then adding enough gutta-percha
to make a tough thickly flowing liquid. One
essential pre-requisite to a thorough union of the
parts consists in freedom of the surfaces to be
joined from grease. This may be accomplished by
laying a cloth upon them and applying a hot iron
for a time. The cement is then applied to both
pieces, the surfaces brought in contact, and pressure
applied until the joint is dry.
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Improved Machine Tools.—Mr. John Woolficld,

of the Liverpool Works, Soho, who has recently

commenced the manufacture of all kinds of machine
tools, is introducing some improvements of his own
design in connection with lathes. All lathes, up lo

fifteen inch centers, he fits with hardened steel,

conical spindles and bearings. The slide-rest sad-

dle and center-head he fits with steel screws and
nut-boxes. In planing machines the advantage of

this arrangement is especially obvious, yet it is fre-

quently ignored by makers of first-class repute.

—

The saddle-slides are so constructed as to protect

the screw that moves them from injury or dirt.

The surfacing motion is new, good and inexpensive.

A reference to the processes of lathe making will

afford some idea of the extreme care required to

produce an excellent article. The first process is

the boring of the head. Simultaneously, with this

operation, the smith forges the spindles and bushes.

This is a very difficult matter. First-rate smiths

are not always able to produce a sound lathe spindle.

The iron is first forged into the required shape, and

a piece of double shear steel is welded round it to

form the neck or bearing. Should this not be per-

fectly sound, it is pretty sure to "fly" in hardening.

The bushes are steel cylinders, forged of double

shear steel, and lapped with the best iron. The
welding here is required to be done perfectly.

—

When these steel bushes are annealed they go to

the turner, and turned parallel outside. Then they

are subjected to a red heat, and suddenly immersed
in running water; and should the slightest flaw oc-

cur in the weld, they crack and have to be thrown
aside as wasters. If all goes well they are driven

into the headstock bored to receive them, and are

lapped true and clear, or, in other words, polished

by means of a lead lap running at a remarkable

speed. The spindle is annealed, then turned, heated

to nearly a white heat, and plunged into a stream

of water icy-cold. This is a severe trial of the

smith's work. The next process is that of polishing.

This is effected by placing it in a lathe and causing

it to revolve slowly, an emery wheel running at con-

siderable velocity in a contrary direction, until it is

highly polished. Thus the spindle is a perfect "fit"

when put into the bearings. The slide-rest and
saddle are planed perfectly true, and then scraped

and smoothed until the various parts, when put
tightly together, will slide freely upon each other,

a process requiring great care, skill and attention.

Caution is especially required in planing slide-rests,

beds, &c, lest they should spring when being fast-

ened upon the planing machine. Long lathe beds
require especial care. The saddle and bed both

require to be scraped true, until they slide freely

along the bed from end to end. Great care and
nicety of finish is requisite for the leading screw.

—

In the construction of drilling machines, steel spin-

dles are now superseding those of iron, the latter

being liable to bend when subjected to a sudden
jerk. Mr. Woolfield has recently patented a cor-

rugating machine, which is estimated to perform
ten times the work of the ordinary press, without

subjecting the metal to undue strains. There can

be no doubt about the glaring imperfections of the

ordinary process, both in regard to economy and
excellence of workmanship —Cor. Engineer.
We would recommend the correspondent of the

" Engineer " to visit the Philadelphia tool-building

shops. Much of this practice is old, and the use of

iron spindles is all out of date.

—

Ed. V. N. M.

Gasholders.—Of the large number of gasholders
in and near London, the greater proportion

were made in the neighborhood of Birmingham.
The largest gasholder in existence, that of 1230 ft.

diameter and 3,000,000 cubic feet capacity, at the
Fulham station of the Imperial Gaslight Company,
was made by Messrs. Westwood & Wright, of
Dudley, the cast-iron work having been turned
out by the Stavely Company.
Of the makers still nearer Birmingham, Messrs.

Thomas Piggott & Sons, and Messrs. Hortons'
gasholders are well known to probably nearly all

the gas engineers in the kingdom. The last named
firm have lately secured the contract for a large

holder at the Western Gasworks, London, while
Messrs. Piggotts are engaged upon one of 150 ft.

diameter for Preston. Their largest holder was
one, we believe, put up in Belfast, and 180 ft. in

diameter.

The hydraulic punching and riveting machinery
at Messrs. Piggotts' is extremely effective. In the
rectangular plates any number of holes up to. we
believe, 154, are punched at a single blow, and to

the exact pitch. Originally the piston within a
vertical steam cylinder of about 4 ft. diameter,
and worked with 50 lbs. steam, had a rod or hy-
draulic plunger of 4 or 5 in. diameter, which was
driven home with a force of perhaps 40 tons, equal
to at least 2 tons per inch, forcing water equal to

its own solid contents into an accumulator, from
which it was let on, as required, to a pair of verti-

cal 9 in. rams, placed over the bed of the punch-
ing machine. These drove down the punching
head, carrying the punches, which were turned
with shanks of a diameter equal to the intended
pitch, and secured in rows, and with their shanks
in contact, in grooves properly formed around the
punching head. Each alternate punch was made
|ths inch longer than its neighbor on either side,

so that although a single blow sent all the punches
through the plate with a single report like that of

a pistol, but one-half of the punches actually went
through at once. The work thus done was exact,

indeed perfection. Instead of the large steam
cylinder, a pair of rotative pumping engines are

now employed, the working pressure being SS.cwt.

to 2 tons per square inch.

The hydraulic riveting is performed also by hy-
draulic pressure, at an average rate of thirty rivets

per minute, the rate often rising, for a short time,

to one per second.

Nothing would more nearly perfect the working
of gasholder plates than the contrivance of a ma-
chine, if that be possible, for taking out the
" buckles." This operation has now to be per-

formed by hand, and it requires no small skill to

effect it properly.

—

Engineering-

Cast-iron Tubes for water or gas are now made
in England by turning off one end conically, and

boring out the ends of the tubes to which it is to be

fitted at the same angle, so that the end of one tube

may be inserted into the other without the addition

of the ordinary cement. The junction is effected

very quickly, and the joint is perfectly tight. Pipes

thirty-six inches in diameter have been perfectly

joined in this way. Liverpool has about ninety

miles of gas-pipe with this joint, and the leakage is

said to be much less than in other cities.

Flexible Pipes are much used in Paris for round-

ing slight curves.
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THE LATE ORDNANCE COMMITTEE.

Written for Van Nostrand's Magazine.

By the two reports of the Select Commit-
tee on Ordnance, submitted to Congress July

17th, 1868 and Feb. 15th, 1869, the Ord-
nance Departments of the Army and Navy
have been subjected to great reproach. In

addition to charges seriously compromising
the official integrity of certain officers, the

whole service has been sweepingly condemn-
ed as incompetent and unqualified, persist-

ently adherent to false practice and theory,

and impervious to improvement. Its aboli-

tion is recommended, with the substitution

of a board composed of officers and civil-

ians. Knowing the causes which led to

these investigations and reports, and having

some knowledge of the persons who procur-

ed the appointment of the committee, and

of their motives and antecedents, we have
deemed it proper to lay before the public,

so far as we may, a review of the whole
matter. It need hardly be said that the

subject is an important one, relating as it

does to a most essential branch of the ex-

ecutive department of government, and the

one charged wi'th providing materials of na-

tional defense.

The report of July 17th, 1868, received

considerable notice through various news-
papers, and is already known to the public.

It related, almost exclusively, to the action

of the Chief of Ordnance in the purchase of

rifle projectiles. The other report has re-

ceived less public notice, although it was
more sweeping in character and significant in

language, being nothing less than a general

arraignment and condemnation of the Ord-

Vol. I—No. 12.—69.

nance Department in the strongest terms.

We have deemed it proper to discuss the

two reports separately,' and analyze them in

detail.

Fortunately, we are able to decline enter-

ing into any examination looking to the refu-

tation of the charges contained in the first

report, since this has been done most satis-

factorily by the court of inquiry, summoned
at the request of the officer whose record

had been assailed. The charges made by
the committee are not only met, in the find-

ing of the court, by a flat denial, but are

virtually pronounced to be utterly without

foundation in facts, and the accused is direct-

ly complimented for his integrity and effi-

ciency. The characters of the officers con-

stituting the court will certainly place its

finding beyond cavil on the ground of par-

tiality or bias, or any ulterior motive, while

the exhaustive investigation, extending over

six months of almost uninterrupted session,

and conducted by able and expert counsel

on both sides, to whom was allotted the

largest liberty in respect to the range of

testimony, will be a good guarantee of com-

pleteness and accuracy.

In comparing the findings of the court

and of the committee, we first note the fact

that the evidence, upon which the charges

rested, was substantially the same before

both. The same witnesses were summoned for

the prosecution before the court as appeared

in the committee room, and reiterated their

statements ; the documentary evidence in the

two examinations differed only in being

much more complete at the second than at

the first. It may then be fairly asked, how
happens it that_the two bodies arrived at



1058 VAN NOSTRAND'S ENGINEERING MAGAZINE.

diametrically opposite conclusions ? If there

had been evidence enough before the com-

mittee to procure such a strong condemna-
tion as was actually delivered, the same evi-

dence before the court ought to have, at

least, qualified the acquittal. It will be

borne in mind that the diversity of opinion

was upon matters of simple fact and not of

law. Had it been the former, it might

readily be passed over as an ordinary differ-

ence of opinion upon a matter of principle,

illustrating two ways <ff viewing the same
thing, and both defensible ; but in truth

each body was called upon to report facts, and

these are matters such as the law holds every

hod-carrier and tinker capable of deciding.

So cogent is this consideration that we are

driven to the conclusion that, in one body
or the other, the decision was determined,

not by candid, impartial judgment upon fair

evidence, but by a predetermination to con-

vict or acquit without regard to the evidence.

Unhappily a perusal of the two records al-

lows no other interpretation. The issue was
a simple one. Had the Chief of Ordnance
been guilty of fraudulent transactions, and
if so, what were they ? No mere error of

judgment, or difference of opinion, as be-

tween impartial men, could, under the cir-

cumstances, account for such contradictory

decisions. On which side does the defect of

justice lie ?

A comparison of the constitution and
functions of the two bodies may indicate

where we may presumptively look for an

explanation. The court was composed of

three members and a Judge Advocate, viz :

Gens. Thomas, Hancock, and Terry, and

Judge Advocate Gen. Holt. The members
of the court were sworn* to well and truly

examine and inquire, according to the evi-

dence, into the matter before them. The
examination was by sworn testimony, in the

presence of the accused, and was conducted

by counsel on both sides. The rules of

evidence were the same as in all other mili-

tary courts, which conform to the practice

of United States civil courts, as nearly as.

their pecular constitution will permit.

The select committee was very differently

constituted. It consisted of Messrs. How-
ard, Cameron, and Drake, of the Senate, and

Messrs. Butler, Logan, and Schenck, of the

House. Messrs. Butler and Logan were ap-

pointed a sub-committee to conduct the ex-

amination, the other members taking only a

* Article of AVar 93.

nominal part in it, and being seldom present
in the committee room. Mr. Butler was al-

most the sole examiner. He was governed by
no rules of evidence, and no precedents in the
matter of practice, except the swearing of

witnesses. No counsel was admitted, and
no accused person being formally recognized,

the really accused party was not present.

It will be readily seen that a person so

charged with the grave responsibility of fur-

nishing Congress with information, which
may be made the basis of intelligent

legislation, and vested by that body with
plenary power to subpoena witnesses from
every corner of the land, without restriction

as to whom he shall or shall not summon, or

what testimony shall be admitted, and what
refused, requires to be a person of surpassing

ability, and most especially, to be above all

prejudices. He is not merely an examiner,

but a judge, whose decision is the only au-

thoritative guide of Congress. We are

averse to any invidious comparisons between
persons of high distinction, but at the risk

of making one, we are compelled to notice

the complaints of Gren. Dyer's prosecutors

that the finding of the court was " corrupt,

arbitrary aud illegal," arising out of the

prejudices of the members, and a determina-

tion on their part to shield a brother officer,

regardless of his crimes or the demands of

justice. It happens that Gen. Butler has

never been at any pains to conceal his

sentiments towards the regular army, and
doubtless many can recall his remarks at the

last session when the army bill was before

the House. We would like to propound
the question, in view of these utterances,

whether Gen. Dyer was not as liable to

encounter adverse prejudices before the com-
mittee, as his prosecutors were before the

court. We are quite content to leave it to

the public to judge, whether the truth, in

this particular case, was any more likely to

suffer from the prejudices of Gens. Thomas,
Hancock and Terry, than from those of Mr.
Butler. Be that as it may, no one will ven-

ture to deny that the strictest impartiality

was essential to the position Mr. Butler oc-

cupied. And yet, we do not hesitate to say,

that he at once assumed the role of a prose-

cuting attorney, and conducted his examina-
tion in a thoroughly exparte manner, while no

opportunity was conceded to develop the other

side by other testimony, and by cross-ex-

amination. Those who are familiar with

legal processes may readily form some idea

of what an astute lawyer like Mr. Butler
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might be able to accomplish under such cir-

cumstances. But this was by no means the

worst feature of the case : for after examin-

ing witnesses without interference, he was

to bring in the verdict. To the most im-

partial man such a position would involve

the gravest responsibility. How did Mr.

Butler meet its obligations ?

In a technical examination before a legis-

lative committee, where the members are

not thoroughly versed, or "expert," in the

subject matter of inquiry, it is customary
to employ the advice and assistance of ex-

pert examiners. Mr. Butler had occasion

to avail himself of such assistance, selecting

for the purpose Mr. Clifford Arrick of St.

Clairsville, Ohio. Most certainly the selec-

tion was an astounding one. The important

part taken by Mr. Arrick, in the course of

the imbroglio, renders necessary such a

sketch of him as we are able to give. Some
time prior to the war he was an attorney,

and subsequently, an examiner in the Pat-

ent Office. Here, having become familiar

with the progress of invention in rifle pro-

jectiles, he at length became interested in an

invention known as the Eureka projectile,

patented by a Mr. Stafford of New York.

By a piece of sharp practice Mr. Arrick ob-

tained a patent for the same projectile in his

own name*, and proceeded to urge its merits

upon the Ordnance Bureau. Now, shorn of

^11 verbiage, and reduced to its lowest terms,

the report of July 17th, 1868, arraigns, tries,

convicts and sentences Gen. Dyer, because

he declined to establish the Eureka projectile

as the standard service rifle projectile, to the

exclusion of all others as worthless, the

ascribed motive being pecuniary interest in a

projectile of his own invention. We must
digress a little. In the year 1857, Capt.

Dyer invented a projectile, which may be

considered as the type of a large and varied

class. Subsequent developments have shown
that he was not the first to apply, what may
be termed the essential feature of that class,

viz : an expansible cup of soft metal attach-

ed to the base of it. Still, he was an in-

*Singularly enough, Mr. Arrick had been employed
as counsel by Stafford in an interference case, in which
he succeeded in proving to the satisfaction of the
commissioner, that, among several claimants, Staf-

ford was the first inventor. Stafford subsequently
assigned his patent to a company of which Mr. Arrick
was the agent. Soon after, Mr. Arrick files an ap-
plication for a patent for this identical invention in

his own name, an interference is declared, and, by
collusion, Stafford's assignees fail to appear ! The
patent therefore goes to Mr. Arrick by default.

(Court of Inquiry Vol II. pp., 223).

ventor, having at the time no knowledge of
similar devices, and was the first to apply it,

in this country, with any degree of success.

The opening of the war and the success of
rifled cannon abroad gave rise to numberless
inventions, and modifications of inventions,

of similar purpose, so that the year 1863
witnessed the establishment of several stand-
ard varieties, which were used with what
were then considered very fair results.

Though exhibiting wide differences in me-
chanical details, they all possessed one com-
mon feature, viz : a soft, expansible portion :

compressible into the grooves of the gun by
the force of discharge. This feature is a
radical one in American ordnance, at pres-

ent, and is sharply distinguished from the
system more commonly adopted in Europe,
which is exemplified by a projectile having
grooves and lands fitting the bore of the
gun. Confining ourselves to the American
system, its extremes might be well represent-

ed by the Parrot and Hotchkiss. The
numerous species, which may be said to lie

between these extremes, were mostly deve-
loped as early as 1863 — all subsequent
variations being hardly more than varieties.

Some of them underwent modifications,

mainly with a view to correct imperfections

made apparent by actual service. On the

whole, however, no new principle was brought
to light. The Dyer projectile meantime
had been superseded by the Parrot— its in-

ventor, and, in truth, every other ordnance
officer, being so wholly engrossed by ad-

ministrative duties that no time was found to

remedy certain deficiencies disclosed by
practice. Up to the time of Gren. Dyer's ac-

cession to the command of the Ordnance
Department, Mr. John Absterdam had pres-

ented two modifications of it, which did not
make it in any respect superior and probably
not equal to other standard projectiles.

Yet it appears to have been the general con-

viction of the most expert ordnance officers,

that a projectile with a soft metal cup at the

base ought to be the best projectile* and,

if properly constructed, would certainly

answer the purpose more perfectly than any
other. Its defects were felt to be matters of

detail and not of principle. These opinions

were amply justified by later experiments,

when the Dyer projectiles had been subject-

ed to important modifications.

In the latter part of 1863, Mr. Clifford

Arrick first exhibited the Eureka projectile

* Eor field service at least.
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to the ordnance bureau, and obtained an

order for a preliminary trial, at which the

action of the smaller calibers was pronounc-

ed " fair."* No action was taken by the

bureau upon the report, and in the following

May, a few more were tried at Washington
Arsenal. The experimenting officer report-

ed favorably upon them, with the exception,

that the fuses failed to ignite, owing to the

entire closure of the windage. After Gren.

Dyer acceded to the command of the depart-

ment, in September, 1864, an order was given

for a further trial with 20-pounders having

improved means for igniting the fuses. This

trial elicited a highly commendatory report,!

which warranted their trial on a more extend-

ed scale, in competition with standard pro-

jectiles ;—the caliber selected being the 4.2

inch or 30-pounder. It is held to be a

tolerably safe rule, among experts, that a

projectile succeeding well in a larger gun
will probably succeed well in a smaller, but

not vice-versa—so that this trial was expected

to furnish data only for 80-pounders and
smaller projectiles. It was one of consider-

able importance, for it was expected to re-

sult in the restriction of the number of

standard varieties. The competing patterns

were the Hotchkiss t, Parrott, Schenkl,

Eureka and Absterdam. Early in the trial

the Absterdam, made in conformity with his

second patent, and closely resembling the old-

er Dyer projectile, failed most signally. But
Mr. Absterdam had just obtained^ a third

patent, and during the progress of the trial

substituted the projectiles made in conform-

ity with it for those which were giving such

disastrous results. The trial terminated

less decisively than was hoped, and failed to

furnish meansll for a rigid comparison. The

* Made at West Point by Captain D. W. Flagler.

f The Washington trials were made by Lieutenant
William Prince, and his reports, forwarded by Major
Benton with a formal endorsement, were attributed
by the committee to the latter officer.

X There were two Hotchkiss projectiles at this

trial. The one first employed was the old one. so

familiar to all our artillery officers; this is figured in

the plate. The other one was quite new, differing

from the old one toto cozlo. It was provided with an
expanding cup at the base. It was not presented
for trial until too late to obtain thorough results.

By an oversight it was omitted from the plate.

§ The drawings in the plate are the second and
third Absterdam patents; the one with the brass
sabot being the third.

|| The following is an abstract of the results of the
trial as tabulated

:

Between February 11th and May 17th, the firings

gave the following results : Parrott, 344 shots fired,

with 55 bad shots; Hotchkiss (old pattern), 346 shots
fired, with 31 bad shots; Absterdam, 232 shots fired,

with 19 bad shots; Eureka, 200 shots fired, with 27

Eureka had shown itself to be a good projec-

tile, but not uniformly so. On the other

hand, the record of the new Absterdam was
decidedly better, while the Hotchkiss, at

the very last of the trial, gava, so far as

tried, the best results of all ;* in brief, the

whole question was still in abeyance, except
as regarded the Parrottt and Schenkl, which
were less satisfactory than either of the

others. At all events there was nothing

whatever in the trial to warrant the enor-

mous claim put forth by Mr. Arrick, that

the Eureka had proved itself to be so de-

cidedly superior to all others, that the Chief

of Ordnance was bound to make it the

standard service projectile, to the exclusion

of all others as worthless. % That the court

took that view of the case and scouted such

a preposterous idea is clear, when it charac-

terized the action of Gen. Dyer as merely
an exercise of that discretion which unques-

tionably belongs to his position. Yet this

was precisely Mr. Arrick's claim, as nearly

as words can express it. He urged it in a

large number of letters^ of portentous

bad shots; Hotchkiss (new pattern), 52 shots fired

and no bad shots. Ratio of bad shots: Parrott, .16;
Hotchkiss (old), .089; Absterdam, .082; Eureka,
.135; Hotchkis- (new), none. The Eureka had a
very slight advantage over the others in initial ve-
locity and range, in the general average, but was
nut uniform. The above comparative results were
dated February 28th, 1865. The results with the
new Hotchkiss were not received until June.

TABLE

Of comparative firings of 40 shots of each variety at
1,260 yards, in February, 1865.

Parrott . ..

Hotchkiss..
Absterdam
Eureka ..

.

Schenkl .

.

.25

.155

.075

.25

. 92.3

> £

1,201
i , 221

1,221
1,247
1,196

5 -

3.93 9.6810.4
4.6d|6.60 8.07

336.23 6.65
3.90,6.70, 7.75

* Only 55 rounds were fired. The results were
known only after the war closed.

f To show upon what slight structural differences

the efficiency of a projectile may depend, it may be
stated, that the only essential difference between the
Parrott and the Absterdam is, that in the former the
sabot, or base ring, is " flush " with the base of the
shot, while in the latter it extends about .8 of an
inch beyond it, forming a cup.

J Mr. Arrick made this claim very explicitly and
repeatedly. See letters of Arrick to Dyer, dated
Jan. 31st, Feb. 6th and 9th, 1866. Court of Inq.,

Vol. I, pp. 181-183; also id., pp. 196-206.

§ In the month of Oct., 1866, alone, he addressed
nine long letters to the bureau on the subject.
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Hotchkiss. Pareott.

«''' J-'Lliiia^.

Dter,

SCUENKL.

Absterdam,

With brass sabot

Dter
As modified by Mr. Taylor.

Dana.

J,
'

<̂ ^f ' \M. :„..: : ^

Absterdam,

"With soft metal sabot.

Sellers.
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length, in which he lost sight of all reason

and decorum. He spoke of the demands of

the public service upon the Chief of Ord-
nance, which he was not at liberty to disre-

gard, and insinuated that he was rejecting

the only device worth having, by reason of

his personal interest in a worthless contri-

vance which he was endeavoring to thrust

upon the service under cover of a false

name*, and through the agency of a man of

straw. Of course such letters were emi-

nently calculated to carry conviction with

them, and to create a warm interest in the

Eureka. After a large number of them
had accummulated, Gren. Dyer requested

Mr. Arrick to state specifically and exactly

what he wanted, and received in reply

a twenty paged letter,! amplifying the

merits of the projectile, and culminating in

seven propositions asserting its superiority

over every other known device. He then

desired the Chief of Ordnance to assent to,

or deny them, or in case of doubt to ap-

point a commission to determine the ques-

tion upon the records as they then stood.

To this Gren. Dyer replied, + declining to be

catechized ; that the comparative merits of

the Eureka projectile were understood by
him, and that he had on hand over 5,000 of

them, which would enable him to test their

fall merits whenever it was expedient to do

so. In short, he refused to accept the al-

ternatives of either rejecting altogether a

good projectile, or of over-stating and over-

valuing its merits.

No person of ordinary intelligence will

have any difficulty in correctly appreciating

the merits of this controversy. Mr. Arrick
claimed to have an invention which ought
to supersede every other for similar objects.

But was there ever a patentee who was not

ready and eager to claim the same thing ?

For five years or more the Ordnance Office

was daily thronged with sanguine inventors,

and owners of inventions, making the same
claim, each strenuously asserting that he

had anticipated for many years to come all

possible improvement in a particular direc-

* Letters of Arrick to Dyer, Feb. 9th, 1866, Court
of Inq. I, 182, and id., Oct. 16th, p. 198. Mr. Ar-
rick claimed that the Absterdam was but another
name for the Dyer projectile, and that Gen. Dyer
was receiving royalty on the purchases, and using
Absterdam to conceai the transaction. This is the
gist of some of the accusations in the report of the
committee.

t Letter of Arrick, Oct. 25th, 1S66, Court of Inq.,
Vol. I, p. 201.

X Letter of Gen. Dyer to Arrick, Oct. 27th, 1866.

Id., p. 203.

tion, and thinking that the Chief of Ord-
nance, and all his subordinates, were the

embodiments of stupidity, because they
thought differently. Each inventor seemed
to entertain the idea that the Government
was bound to accept off hand, or, at least,

to try his own particular contrivance. Let
some statistician calculate the expense of

satisfying, either by acceptance or trial, the

expectations of these gentlemen, and he
will be edified. Are men of business in the

habit of purchasing new inventions without

knowing their merits ? Are they in the

habit of testing them for the sole emolu-
ment of the inventors? In a WDrd, is not

the usual and proper course, in such mat-

ters, to purchase them if you think they

will pay, and to let them alone if you don't?

Now, what earthly reason is there why the

Grovernment, through its officials, should

throw away this prudent and universal prac-

tice ? These officers are required to judge of

the exigencies of their respective depart-

ments, precisely as the proprietors of private

establishments judge of theirs, and to manage
them in the interest of the Grovernment, and
not of inventors and contractors. Mr. Ar-
rick demanded, in no very gentle terms,

that his projectile be accepted, against the

judgment of the department, and vipon no
decisive record, though he afterwards pro-

posed to subject it to the form of a trial*

which would cost $20,000. As the depart-

ment had on hand an enormous supply of

projectiles, which, in its opinion, were as

good as, not to say better than, the Eureka
was likely to prove, it was deemed inexpe-

dient to spend a large amount of public

money in settling a question of no prac-

tical importance at that juncture. Even
admitting, for the sake of argument, that

the Eureka may prove to be somewhat supe-

rior to any other ever urged upon the bu-

reau, is the Grovernment, at the close of a

gigantic war, and weighed down with

debt, to incur further expense in demon-
strating the value of an article it does not

want?
After four years of solicitation ; after he

had become intolerable to the bureau and

everybody connected with it, Mr. Arrick

came to the safe conclusion that he had

spent much time and money to no purpose.

We believe his friends will not assert that,

in his wonderful persistence, he was so dis-

interested as to work from purely patriotic

§ Arrick to Dyer, July 9th, 1867. Id., p. 222,
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motives, nor are we aware that he claims

any motive but the pursuit of emolument;
and when we find him thoroughly committed
to the serious undertaking of the overthrow
of the Ordnance Department, we see no
escape from the conclusion that his incen-

tives were money, and, perhaps, revenge.

We are by no means left to conjecture alone

on this point. He expressed himself ready
to relent if his claims were conceded by the

bureau*, but in the other event he was re-

solved to spare no effort to demolish it. It

seems that he did not lack powerful co-ope-

ration. We arc not aware by what means
his determination was made known to the

Select Committee, nor is it material. His
own account of the affair is, that he knew
the committee wanted him, and were about
to send for him, and he anticipated their

summons!. And so Mr. Arrick became the

expert examiner and adviser of the commit-
tee in the investigation of Gen. Dyer's ac-

tion in the purchase of rifle projectiles.

Were it necessary we would detail some
of the operations by which testimony before

the committee was perverted ; how Mr. Ab-
sterdam was made to testify that he had no
patents, when he had them in his pocket

;

how indignant the old gentleman got when
he told the court that his evidence, as it ap-

peared in the record of the committee, was
a mutilation, a forgery, and he repudiated
itt ; how the Absteidam projectile, of the
third patent, which had been purchased so

extensively, was shown to be "absolutely
worthless " by quoting the record of projec-

tiles made under the second patent^—a dif-

ferent affair altogether ; how a poor woman
was made to testifyli that Gen. Dyer had
claimed a royalty on these projectiles in the

Ordnance office, and in the presence of
several individuals ; a statement which Mr.
Field, by a few minutes cross-examination,

showed to be an ambiguous perversion of a
remark which did that officer no little honor.
But we pass them by, for they are all ren-

dered ineffectual by the finding of the court.

A fitting termination to this marvelous
investigation was the preparation of the re-

port. After giving over the body of the
Chief of Ordnance to his adversaries, to

* Arrick to Charles Knapp, Feb. 22d and Mar. 7th,
1868. Id., Vol. II, p. 341.

f Arrick's testimony, Id., p.

% Compare Absterdam's testimony before the com-
mittee with that before the court, Vol. I, pp. 28-29.

§ Cross-examination of Clifford Arrick, Court of
Inq , Vol. II, pp. 228-229.

|| Testimony qf Mrs. E. Dixon, Id., pp. 362-371.

wreak such vengeance upon it as they saw
fit, and to toss and gore it in the committee-
room, it might be thought proper that the

drawing an J quartering of the remains
should have been done by the representa-

tives of the law. But the committee thought
otherwise.

Mr. Arrick states, in his testimony before

the court, that, by a general understanding
with the committee, he wrote the report,

presented it to Mr. Butler, who read it

over, reduced it by striking out certain

passages, and re-committed it to .Arrick,

who made the connections and again sub-

mitted it to Mr. Butler, by whom it was ac-

cepted and presented to the full committee,

who in turn delivered it to Congress as the

report, in part, of the Select Committee on

Ordnance. The whole text was written by

Mr. Arrick, verbatim, as it now ajypears,

with the exception of the last three lines*

As nearly as we can figure it, this report

cost the country in the neighborhood of

$200,000, and the net result of the expen-

diture is, that Congress and the country

have been enlightened as to Mr. Arrick's

opinion of the Chief of Ordnance! Why!
Mr. Arrick was boiling over to give it to

them for nothing but the asking !

The next subject, covered by the report

of Feb. 15th, 1869, was that of heavy guns.

Mr. Butler being occupied with the impeach
ment case, took no active part in this—his

place being, in a measure, supplied by Mr.
Howard. This subject being far more difficult

in point of scientific principles involved, the

same necessity existed for a resort to expert

assistance. That an eminently qualified

person should be selected was a matter of

the first importance. To convey to Con-
gress information which would enable that

body to form a correct, comprehensive, and
concise opinion of the state of modern ord-

nance in general, and of American ordnance

in particular, is a task from which the most
accomplished expert in the land might well

shrink.

In England, during the last fifteen years,

not less than £25,000,000 sterling have been

expended by Government upon experimental

artillery. Enormous sums, of which we
have no record before us, have been expend-

ed in a similar way by the continental na-

tions of Europe. The most accomplished

engineers, army and navy officers, iron mast-

ers and mechanics, have added their severest

* This is Mr. Arrick's own version of the affair.

Court of Inq., Vol. II, p.
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labors, and most strenuous efforts of intellect

and capital, to aid in the solution of the

ordnance problem. In England, France

and Germany, where new processes and new
machinery for the manipulation of iron and

steel have succeeded each other with mar-

velous rapidity, and upon a constantly in-

creasing scale of power, the utmost that has

been looked forward to, is some process

which will render practicable and reliable

the construction of the enormous guns de-

manded by modern warfare. In America,

owing to the greater scarcity and cost of

capital, and the backward condition of ma-
chinery for manipulating large masses of

metal, no such immense establishments as

those of Sheffield, Birmingham and Essen,

are in existence. The attention of ord-

nance officers and civilians has therefore

been confined to such materials as the work-

shops of the country are capable of mani-

pulating, and that material, so far as the

largest guns are concerned, is cast-iron. In

this limited field have been employed the

talents and energy of our most practical and
learned constructors. The question of ord-

nance has long involved the labor of the

highest mechanical genius, the most ponder-

ous machinery, the largest accumulations of

private capital, and the most lavish expen-

diture of public funds of any scientific

question before the civilized world. Whom,
then, did the honorable chairman of the

Select Committee on Ordnance select, as his

representative, to elucidate and expound this

lofty subject to the national legislature ? We
have no hesitation in asserting that, out of

the thirty-five millions of people in these

States, Mr. Howard selected the man pos-

sessing the most obnoxious disqualifications,

and the greatest number of them.

We pause here to apologize to the readers

of the Eclectic. We are adequately im-

pressed with a sense of the dignity and im-

personality which should characterize all

professional discussions. We also assever-

ate a profound respect for the wisdom, patri-

otism, and official dignity of our national

legislature, which we desire to extend to all

its constituent parts and members. But we
find ourselves embarked in a serious discus-

sion, which brings us face to face with a

most anomalous state of affairs. On the one

hand, we find a man making the loftiest

kind of pretensions to professional science,

and yet is at the farthest remove from it.

These pretensions are not made quietly,

modestly, and deferentially, in the ordinary

range of private or literary discussion, but
coarsely, blatantly, and abusively, before a
high inquest of national importance. On
the other hand, we find a congressional com-
mittee accepting implicitly these false pre-

tensions, and using their high powers to

push their consequences to the uttermost.

We have a general interest in this matter,

as a lover of truth and a citizen of the re-

public, and we have a special interest in it

as a member of that small but select body,
whose professional reputation is immediate-
ly assailed. What is our duty in the

premises ? Is there any alternative but to

tell the whole truth, regardless alike of per-

sonalities, or of the character of any com-
mittee whom our honorable Congress may
see fit to designate?

The person we refer to is Mr. Norman
Wiard. He, too, was a disappointed aspi-

rant for wealth through dealings with the

Ordnance Department. Like Mr. Arrick,

he had an invention to offer, the adoption of

which he had urged through long and weary
years, with an energy and importunity such
as is known only to that desperate class who
throng the departments and infest the port-

als of the capitol. Many of them are men of

capacity, and certainly some of them mean
to be honest. Some, too, have personal

qualities, which, if exercised in a moderate
but honest capacity, and controlled by mode-
rate and rational ambition, would make
them invaluable members of the community.
But they are men of desperate need, and,

at the same time, bitten by an inordinate

desire to accumulate wealth out of public

patronage. Their ravening hunger obliter-

ates all perception of public interest and
morality. Now, if eight years of untiring

solicitation for the Government acceptance

of chimerical schemes, the receipt of $136,-

809 in Treasury drafts and certificates, for

which the Government cannot, and never

could, show $25,000 worth* of effects; the

repeated memoralizing of Congress! against

zealous and upright officers, and in favor of

a corrupt scheme of private emolument at

the public expense'—if hob-a-nobbing with

* All of the ordnance material furnished by Mr.
Wiard to the army and navy, excepting such as was
made in conformity with regulation patterns, was
found to be unserviceable in the field. The army
commanders who had requested a supply of his semi-
steel guns, were the first to request their withdrawal.

| There are several memorials of Mr. Wiard to

Congress, the most infamous being that which was
referred to the Committee on the Conduct of the
War, in 1865.
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those Congressmen who are not particular

about the company they keep, and persuad-

ing them to recommend that Congress ap-

propriate $125,000 for a claim* which is

fraudulent in its very essence—if instigat-

ing and procuring the appointment of a con-

gressional committeet to recommend the

dismissal of a select corps of zealous public

servants, for no other earthly reason than

because they refused to lend themselves to

these iniquitous schemes ; if these things

entitle a man to a high position in the cate-

gory of the "third house," as we have de-

scribed it, then Mr. Norman Wiard belongs

there. We wish it distinctly understood

that we make no charges which we cannot

prove under the seal of official record, and

we shall in due time give the proper refer-

ences.

We shall first proceed to characterize the

peculiar invention he has sought to estab-

lish. Mr. Wiard was occupied, in the year

1862, in the fabrication of some semi-steel

50-pounders for the Navy Department.

When subjected to a very moderate test,

these guns burst with surprising facility.

In speculating upon the reason why a metal,

having such high tensile strength, should

exhibit an endurance inferior to cast-iron,

he came to the conclusion (by what logical

process he does not inform us) that some
agency was concerned in the destructive

effects of firing, other than the mere expan-

sive force of powder. It at length appeared

to him that the intense heat of the ignited

powder, together with that produced by the

friction of the shot against the surface of

the bore, would occasion a difference of

temperature, as between the interior and

exterior, tending to compress the former and
extend the latter. Guns fired rapidly,

would, in this way, be subjected to a con-

stantly increasing tension, which, added to

the force of the discharge, would ultimately

produce rupture. Satisfied that he had
solved the problem, and that his solution

covered every case of rupture, he applied

himself to the devising of a gun which

would compensate this difficulty. In 1864,

after much solicitation, he procured from the

Navy Department a contract for the con-

struction of two 15-in. guns upon his plan,

* Fortieth Congress, Third Session, House Report
No. 6.

f There is no room for doubt at whose instigation

the committee was appointed. The numerous letters

of Arrick, Wiard, and Horatio Ames (see Vol. II,

Court of Inq.), contain abundant evidence that they
procured it, and were able to control it.

designed to obviate the supposed effects of

heat. The first gun was condemned in the

pit ; the second was finished and broke into

many pieces at the first discharge. The de-

partment did not deem it advisable to ex-

pend any more money upon an experiment
of this character, and although Mr. Wiard's
importunities have been very great, they
have been invariably declined.

A discussion of the hypothesis he has ad-

vanced, we must decline entering into, fur-

ther than to state a few facts. That a gun
is heated by firing, that the heat so pro-

duced is greater in the interior of the gun
than at the exterior, and that the difference

of temperature may, in most cases, produce
to a small extent the tensions Mr. Wiard
assumes, are doubtless true. But the ques-

tion is one of degree. Mr. Wiard assumes
that these tensions are something enormous
—every gun founder and constructor of ex-

perience knows them to be so small as to be
practically immaterial. But whether they

be great or little, his proposed plan for ob-

viating them will appeal only to " the risi-

bles " of the true mechanic, and if it has

never been duly characterized by competent
authority, it is because such authority has

deemed it too bizarre and whimsical to dig-

nify it with notice. There are two ways of

substantiating a physical hypothesis—one

analytically, by mathematical demonstra-

tion ; the other empirically, by experiment,

and a complete demonstration should prop-

erly involve both. Mr. Wiard has given no
analysis of the effect of heat upon the metal

of a gun, and his hypothesis, therefore, rests

upon no theoretical basis. We cannot recog-

nize the statements he has made concerning

the effects of heat, or sudden cooling, upon
various masses of metal as having any bear-

ing whatever upon the thing to be proved.

When he submits an analysis showing, with-

in a reasonable approximation, the amount
of heat communicated to the gun, the rate

at which it is conducted through the mass,

the degrees of tension produced, and the

relations of these forces to the ultimate

strength and elasticity of the iron, intelli-

gent mechanics will be happy to give it such

careful and respectful consideration as it

merits. At present they have no tangible

theory to work upon, but only a few inco-

herent assertions on his own authority,

which is opposed to that of all constructors

known to the public. As for facts, they are

all against the hypothesis. No gun ever

burst under circumstances which could prop-
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erly warrant the assumption that it was clue

to any cause, other than the expansive force

of gunpowder. But numerous experiments*

have been made with a view to test this

question. Gruns burst indifferently, whether

fired rapidly or slowly, or, as in the case of

some of Mr. Wiard's, at the first discharge,

in which the assertion of such a cause is a

conti-adiction of terms.

Mr. Arrick is a true expert, and the con-

trivance he urged upon the bureau had great

merits ; but Mr. Wiard is a charlatan, and

his gun a mere monstrosity. In his evidence

before the committee he undertakes to ex-

pound the nature of the mechanical forces

involved in the action of gunpowder. Who-
ever will take the pains to read that exposi-

tion will, if he be versed in the doctrines of

mechanical science, at once recognize the

fact that the whole testimony is an impos-

ture—a pretense—an aping of knowledge,

which he does not possess, and never can

possess, until he has at least gone through

a course of study and instruction, such as is

required of every school-boy who becomes
a candidate for a bachelor's or professional

degree. It is a bold attempt to persuade

the committee that the laws of force, as

taught by every mathematician since the

days of Galileo, are foolish misconceptions,

and that the only true wisdom the world has

ever seen, has found its incarnation in Mr.
Norman Wiard. The notions of this man
are no ordinary errors. They are such as

can exist only in the absence of a capacity

to understand the fundamental principles of

mechanics, as taught in every school book,

and elaborated in every treatise, from the

theory of falling bodies to the Mechanique
Celeste of Laplace. Either the whole world

beside is utterly wrong, or else Mr. Wiard
is—not only in special deductions, but in the

simplest principles, which every unbreeched
school-boy is bound to know. Really, mat-
ters have come to a strange pass, when the

Ordnance Department is to be compelled to

* After the action of Fort, Fisher, several 100-pdr.
Parrotts were fired over 1,000 rounds each, one of the

objects of the trial being to determine whether rapid
firing exerted any appreciable effect. (Of course it

is possible to fire more rapidly experimentally than in

action, where time isconsumed in sighting.) Nothing
•was developed by the experiment. It has become
usual to conduct a part of the extreme proof of guns
with the same view. No appreciable effect has ever
been observed to result from rapid, as distinguished
from slow firing. Out of the enormous quantity of

experimental firings which have been made, it is

a sheer impossibility that any such cause could es-
cape detection if it had any real existence.

defend, not merely its system of ordnance,

but the first principles of Weissbach, Bart-

lett, and Moseley, against the assaults of an
imposter. We should like to see Mr. Wiard,
or anybody else, take his assumptions about
the "projectile force" of powder,* and ap-

ply them to the fundamental equation Q —

I P ds, and to see where he will come out.

Whoever likes to contrast the insolence of

ignorance with the modesty of true know-
ledge may turn to the testimony of Gren.

Rodman. Here is an officer whose reputa-

tion as a man of high scientific attainment

is world wide, and whose practical experi-

ence in gun founding is as extensive as that

of any living man. His statement of the

merits of the system which bears his name
is qualified by a full acknowledgment of the

limits of its advantages, and an humble
sense of the difficulties which beset the

whole subject, arising partly from a want of

experimental knowledge, and partly from
the unsuitable nature of the materials we
have to deal with. Mr. Wiard, a man in-

nocent of learning, who never made a relia-

ble gun in his life, lays claim to complete

knowledge, where all other men are silent,

solves by a dictum every moot question, and
chai'ges other men with ignorance, stupidity

and dishonesty.

But we have more serious charges to bring

against Mr. Wiard than mere ignorance. In

* Mr. Wiard seems to entertain the idea that the

velocity of the projectile is the result of two forces,

viz : the static pressure of the ignited powder, and
the vis viva with which the powder is projected

against the projectile. After elaborating this view
with considerable minuteness, he then proceeds as

follows :

" Q. What is the difference between the projectile

force and the pressure of the powder, and has one a

fixed and continuous relation to the other ?

" A. The projectile force of the powder is the force

equal to that which would be developed or exhibited

in stopping the projectile. The pressure is that force

which gives it motion in the gun, and it can be seen

that if such a force as that acting upon the projectile

should act against the surface of the bore in the gun,

no material could be found from which guns could be

made, which would not either enlarge the bore, or

burst as a gun, unless it were from material which,

if formed into a plate, and fixed upon the side of a

ship as armor, would resist the impact of a shot from

a gun without any indentation whatever. When a

wrought iron shot is fired from a gun at a plate,

which it does not penetrate to any considerable

depth, the shot is flattened by the impact. If the

pressure of the powder were not less than the projec-

tile force, the shot would be invariably flattened to

the same extent in the gun, which, however, is not

the case."
We leave the educated mechanic to groan in spirit

over this.
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his testimony* he refers to a report of the

Chief of Ordnance, which speaks of certain

"ignorant, or designing persons " who have
" hindered the furnishing by the Depart-

ment of 1,915 large guns." Mr. Wiard
says, " I hope you will credit me with hav-

ing prevented the perpetration of a gigantic

swindle thereby." We are much obliged to

him for the word. We shall probably agree

as to its meaning and differ only as to who
is the swindler.

In October, 1881, he received from the

Navy Department an order to finish a num-
ber of 7-g in. gunst, the blocks being furnish-

ed him. Having no means of his own he

sub-let the work to one, William A. Miller,

of New York. When nearly completed, an

inspection was held, and it was reported

that $5,270.00. had been earned, which
amount was paid to Norman Wiard. Mr.

Miller never saw a dollar of this money and
held the guns as a lien. Their delivery was
demanded of Mr. Wiard by the Navy De-
partment, but he failed to respond and ulti-

mately the guns were forcibly removed by
the Commandant of the Brooklyn Navy
Yard.

In August, 1861, Mr. Wiard received an

informal contract to furnish the Navy De-
partment with a number of semi-steel 50-

pounders. t They were to be deliverd in

lots of five, and upon the notification of the

acceptance of each lot after inspection, an
order for a new lot was to issue. The first

six guns submitted* for inspection failed^

most signally. Three of them burst by fir-

ing less than eleven rounds with five pounds
of powder, and a fourth—the trial gun—had
been disabled after some 350 charges. One
of these guns, after bursting, was found to

contain a false bottom, which had been in-

serted to hide an error of dimensions. In

the investigation which followed, Mr. Wiard
asserted his ignorance of the fraud and
charged it upon various manufacturers and

* Testimony of Norman Wiard before committee.
E,eport of February 15, 1369.

f See letter of Sec. of Nary to Senate 41st Con-
gress, 1st Session, Senate Ex. Doc. No. 11 , March 31st,

1869. This document is a compilation of official cor-

respondence between Norman Wiard and officers of
the Navy Department submitted without comment.
The statement we give we vouch for as being a cor-
rect epitome of the statements therein contained.

J The whole history of these 50-pounders will be
found in the document just referred to.

§ One was fired 350 times when it showed an ex-
cessive enlargement of the vent; one burst at the
ninth fire; one at the tenth; one stripped a land
at the first fire and exhibited at the ten*h fire a
crack about four feet long.

artizans who had immediate charge of the
work. One of these persons acknowledged
the sole responsibility and in his defense
made some very significant disclosures. His
statements were sustained by the affidavits of

four men*, who were in no wise implicated
in the fraud, and whose testimony is unim-
peachable. It seems that the practice of

doctoring sick guns was a most extensive

one at the establishment where Mr. Wiard'3
50-pounders were made, and that he himself
inaugurated the system. Flaws were ham-
mered up, seams brazed and holes plugged
with screws.! (runs which had been reject-

ed were artfully tinkered* and restored to

their vacant places—all by Mr. Wiard's own
orders in almost every case specifically, and
against the repeated protests of his manu-
facturers.

Of these 50-pounders the Department ac-
cepted only one—the first and trial gun,

which was paid for. Mr. Wiard made ten, of

which four were never brought to trial. Of
the other six, two were fired ten times with-

out injury and landed by Mr. Wiard at the

Navy Yard. They were never received by
the Government, and yet Mr. Wiard present-

ed a bill for them,§ amounting to $9,671.80.

As the Department declined to pay for them,

he proposed that the subject be submitted
to a commission, promising to abide fully by
its decision. The commission was appoint-

ed conformably to his request, gave the

matter a full hearing, and reported adverse-

ly to his claim. We shall soon see how he
kept his promise.

In April, 1863, Mr. Wiard entered into

a formal contract!! with the Navy Department
to cast a 15-in. trial gun upon his peculiar

plan, designed to obviate the effects of heat.

When ready for trial he was to receive

one-half the full price, which was to be 25
cents per pound, the balance to be paid when
the trial was completed. In case of failure

he was to be allowed to make a second gun
under the same conditions, which, if success-

ful, was to be considered as the trial gun.

As we have already stated, the first gun was

* See affidavits of William L. Miller, George P.
Gernster, J. T. Plass, and Isaac P. Tiee. Id. pp.
52-58.

f Id.

f Every iron maker knows well enough that of all

forms of iron the most treacherous and worthless is

semi-steel as it is called. It is in effect a wretched
half kneaded and half cooked variety of wrought iron,

utterly unsuitable for any purpose known to the arts.

§ Id.

||
Id. The contract in full is published in the. docu-

ment referred to.
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an imperfect casting ; the second burst at

the first fire, and terminated the contract.

Mr. Wiard was paid $5,160.00 for the first

gun,* and $4,295.00 for the second. In

acknowledging the receipt he signed an ex-

plicit statement! that the acceptance was a

final settlement of all claims against the

Navy Department.
On the 13th of January, 1869, Mr.

Schenck, in behalf of the select committee,

reported to the House! a bill appropriating

to Mr. Wiard the sum of $42,180.00 for

nine semi-steel 50-pounders, and $83,668.49
for various expenditures attending the pre-

parations for, and the construction of, two
15-in. guns, making a total of $125,848.49.

Through the personal representations of Mr.
Schenck this bill was passed by the House,
and went to the Senate, where Mr. Howard,
the chairman of the select committee, urged
its passage. Fortunately, Mr. Grimes of the

Naval committee happened to be aware of

the true nature of the scheme and at his

request the bill was defeated.

We have been permitted to see the ori-

ginal of the following letter, to the genuine-

ness of which we can certify. We withhold

the name of the firm to which it is address-

ed out of deference to their desire to avoid

a publicity nowise agreeable to them. At
the same time they are ready to make any

acknowledgments which public interest may
require.

May's Building, Room 3, cor. 7th and E,
Washington, 21st June, 1869.

Gentlemen : It affords me gratification to be
able to forward to you by mail a copy of the last

report of the Joint Committee on Ordnance on the

subject of heavy ordnance.

I do not know how far you have made yourselves

acquainted personally with the theories I have ad-

vanced for the past eight years, in relation to the

"ordnance problem." I therefore, also forward to

you a copy of a communication I made to the com-
mittee on the conduct of the war, early in 1865, be-

lieving that you cannot fail to appreciate the renew-
ed consequence, which attaches to the subject, by
the determination of the fact, that 1,915 large guns
are required for the fortifications, according to the

report of the Board of Ordnance Artillery and En-
gineer officers, approved 20th of February, 1867,

concluded, as shown on page 171 of the report of

the Ordnance Committee ; and in view of the facts,

that the Rodman system is now condemned by the

appropriating branch of the Government, the Parrott

system being no longer in competition, and the

* Id.

f Reading as follows: "I hereby accept the
above as a final settlement of all claims against the
Navy Department."

X Fortieth Congress, 3d Session House Report, No.
6.

Dahlgren gun obsolete, on account of the changes
in the means of defense adopted in all countries, I

hatter myself that my views on this subject are in
the ascendant.

While the Rodman patents were operative (they
expired last year), the money interest, with which
they were sustained, could overwhelm me. Now
feeling confident that I possess the only practical
manner of making large guns, and that it is secured
to me unassailably by patents, issued or to be issued,

I hold that I have achieved a monopoly of the gun
business of the future, according to law, and if any
of those parties, who have heretofore opposed me
in the interests of the Rodman patents—now that
those patents have expired—should continue their

attentions in a revengeful spirit, I have only to in-

voke the majesty of the law and they will be re-

moved. As evidence of this, I forward a third
publication, to which I ask your attention.

And now the real object of this letter : I am
about to enter upon the gun business, either by
building a foundry in Washington, or by making an
arrangement with some of the already established
foundries, for the production of guns upon my new
system, and I desire to know if this fact interests

you in any degree. I have no idea that I could
impress you favorably with my plans, otherwise
than at a personal interview, which I should be
glad to promote, if I should learn that you were
desirous of participating in it—not otherwise.

If you have any doubt of my skill, persistence,

or integrity, or security—and I know there have
been some reasons for doubt spread abroad—

I

desire to refer to Mr. Sam. Sinclair, of New York
City, a gentleman who has known me well for many
years. Mr. Sinclair is publisher* of the Tribune.
Hoping you will respond to this,

I am, Gentlemen,
Yours &c.

Norman Wiard.

It is certainly a most unpleasant task to

us, dealing in such personalities ; but we
have no alternative. A great congressional

committee has paraded Guy Fawkes before

Congress and the country, and we are bound
to hurl missiles at the effigy—or to borrow
a stronger phrase from Macaulay, "the at-

tempt to enshrine this carrion has compelled
us to gibbet it."

The reader of the Eclectic will now be
able to form some conception of the mockery
of that investigation. It was an additional

refinement of injustice, over and above that,

in which Mr. Arrick figured so extensively.

In that one Mr. Butler kept up the outward
form of an investigating committee ; but in

this Mr. Wiard filled the chair, prepared
the questions, catechized Admiral Dahl-
gren, Gren. Rodman, Col. Laidley and finally

himself. The situation of the two former
officers forcibly recalls the description in the

Pilgrim's Progress of the trial of poor Faith-

* Which will account for the periodic onslaughts
of that journal upon the Ordnance Department.
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ful before Lord Hategood and the jury of

personified vices at Vanity Fair.

"Judge.—Thou runagate, heretic, and

traitor hast thou heard what these honest

gentlemen have witnessed against thee ?

" Faithful.—May I speak a few words
in my own defense ?

" Judge. — Sirrah sirrah ! thou deser-

vest to live no longer but to be slain im-

mediately upon the place
; yet that all men

may see our gentleness to thee, let us hear

what thou, vile runagate, hast to say."

We are not prepared to assert positively

that Mr. Wiard drafted the report, because

we have no direct proof; but judging from

internal evidence we entertain little doubt

of it. That, however, is scarcely material.

The report is all he could have wished it to

be. It condemns every system of ordnance

except his—denounces in most opprobrious

terms the Ordnance Department and its

system of artillary, and recommends its

abolition, and the substitution of a mixed
board of officers and civilians. We do not

see what he could have desired to add, un-

less it be the appropriation of a large sum
of money for his own benefit, which the

committee sought to effect in a more effica-

cious way by a separate report.

We have entered more deeply into the

personal details of this business than was
agreeable to us, because we have felt that

in exposing the characters of these men
we are enlightening the mechanics and en-

gineers of the country as to the animus of

the committee. In their individual capacity

we are desirous to avoid all contact with

Messrs. Arrick and Wiard : they are for-

midable only through their connexion with

the committee. Since the committee placed

its high authority unreservedly into the

hands of these men, with no restriction as

to its use, and making it merely a cover for

whatever they chose to say, we are bound to

show the characters of the men who were
the recipients of this confidence. The real

committee was Messrs. Arrick and Wiard,
and the lawful committee stepped in only to

give the investigations of these two men the

weight and sanctity of its official character.

We feel that it is not for us to assault for-

mally the characters of Senators and Repre-
sentatives further than to state facts. The
inferences we shall leave to the readers.

Here are two reports—the first, written by
Mr. Arrick, vituperating the Chief of Ord-
nance for no alleged and no conceivable

reason except that he declined to make the

Eureka the standard rifle projectile "to the
exclusion of every other known device as
worse than worthless;"—the other, written
(in all human probability) by Mr. Wiard,
vilifying the whole Ordnance Department,
because it equally rejects his grotesque can-
non. And yet, after the form of an inves-
tigation, the committee adopts them in all

their grossness and in all their ex parte
character—recognizes their serious con-
sequences, as involving an entire change of
the management of the ordnance service,

and a substitution of the material of these
adventurers for that already in vogue. If
it be said that the committee may have been
deceived, and led to espouse the cause of
these men through artful misrepresentations,
then the reader may ask himself, what right
had they to be deceived, when they were so

explicitly charged by Congress to ascertain
facts and report them ? What right had
they to base an opinion of a considerable
and honorable body of officers, upon the sole

representations of their bitterest enemies ?

We cannot close without adverting to the
recommendation that the Ordnance Corps
be abolished. That is a matter for Congress
to decide, and any decision which may be
made by that body, after a full and impartial

investigation, and when it is in a position to

comprehend and appreciate the subject in

ali its bearings, will be most cheerfully ac-

quiesced in by the officers affected by it.

Probably no corps of public officials could
so well bear to be thrown upon their own
resources, or is better qualified to meet the

exigencies of an entire and forcible change
of profession. But an honorable discharge

from the service is one thing, and being
kicked out for refusing to facilitate the vari-

ous schemes of plunder set on foot by the

Arricksand Wiards of the Washington lobby
is quite another. The charges of incom-
petency, of the "lack of the incentive to

exertion and improvement, which stimulates

men not in the Government employ," the
" attchment to routine," "jealousy of in-

novation and new ideas," "discouraging
the inventive talent of the country," and
the " improper and oppressive treatment of

persons, who have sought to call their at-

tention to what were supposed to be vital

principles of the art " etc., etc. will pass for

what they are worth. They mean simply

that the Department could not appreciate the

"new ideas," the "inventive talent," the

"vital principles of the art," involved in

Mr. Wiard's " Munchausen Artillery."
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That a strong pressure will be brought to

bear upon Congress, the coming winter, to

abolish the Ordnance Department, or merge
it into the artillery, we readily foresee. We
are not disposed to make any plea for its

continuance, except on the ground of public

expediency. It is certain that there must
be a class of officials, either military or

civil, whose special functions must be the

administration of ordnance duties and the

provision of ordnance material. It is for

Congress to judge whether these functions

will be best fulfilled by civilians, or by the

military ; by officers specially educated for

it and of protracted experience, or by of-

ficers without experience. The term ord-

nance is suggestive of guns ; but in reality

involves a whole world of executive details.

It comprises manufactures, a knowledge of

business, of fabrics, and of construction, far

more extended than any mere trade or class

of trades. Its officers are entrepreneurs be-

tween civilian supply and military consump-
tion, and to be efficient and economical—to

insure to the Government an equality in

bargains and protection against fraud, to

regulate supply by the demands of the

service and to systematize the means and

methods of supply, must be men who are

thoroughly acquainted with the mechanic

arts, the trades, the details of ordinary busi-

ness, and the routine of military service.

These duties must be discharged by a body
of specially qualified men or the abolition

of the present Ordnance Department will

merely render necessary the construction of

another. It would be a change of persons

and not of system.

We are tempted to make one remark which

we hope some Congressman will see and
make a note of. If the Ordnance Depart-

ment is worth anything, it ought to have the

confidence of both Congress and the people.

But if its recommendations are to be dis-

regarded, its aims and purposes defeated, and

its chief and his subordinates arraigned and

thrown upon their defense every time an over

sanguine inventor or unprincipled adven-

turer chooses to impeach them, then it is

high time to abolish it. Like every other

subordinate branch it derives its efficiency

and capacity for usefulness from the confi-

dence of the Government.
A comparison between the merits of the

American Ordnance and foreign may be

made briefly. As yet American Ordnance
contains no established system but the Rod-
man Army, and the Dahlgren Navy, guns.

The large calibers are all smooth bores.

The few rifles, which have been subjected to

experiment, have not given such results as

to warrant their adoption ;—partly because
the trials, which have been made, have not
accurately tested the proposed system, and
partly because the trials haye been exceed-
ingly meagre*: nothing is predicted for them,
but much is hoped. As for the large smooth
bores, they have hitherto sustained every
test, and no one of them, in the army at

least, has ever burst, except after a good
and sufficient measure of endurance. For
the Navy we are unable to speak. During
the war the Parrott rifles were extensively

used. A considerable number of these burst,

although the general performance of them
—all things considered —was wonderfully
good. These guns may be considered either

good or bad, according to the standard by
which they are judged. If a perfect gun be
demanded, a gun which will never burst,

no matter what the caliber, or the charge
of powder used, then the Parrot gun was a

failure. But if there be demanded as good
a gun as could be built at a practicable cost,

and with reasonable celerity, and which
would endure, in nineteen cases out of

twenty, a liberal amount of service, the
Parrott gun was eminently a success. Du-
ring the late war there was no large rifle

in existence to be compared with it. If the

carping critic chooses to point to its failures,

instead of its good service, the reply is easy.

It was by an immense interval the best gun
of its class at that time, and it remains to

be seen how much improvement has been
made, since 1865, in the construction of

heavy rifled artillery. That better guns
have been made in England and Prussia is

admitted ; but whether they can be furnish-

ed in quantity, of a guaranteed endurance,
and at a practicable cost is not yet fully

decided. The Parrott rifle has been
adopted only provisionally until a better

system can be established.

Turning to European Ordnance, we find

everything in a transition state. The
colossal works of Krupp, at Essen, have pro-

duced enormous rifles, which have been fired

with heavy charges about 400 times, and
more recently the Fraser gun has given re-

* Of the heavy Rodman rifles only three have been
put to proof. One 12-in. rifle was fired 470 times be-
fore bursting; one 8-in. rifle fired 1,080 times and one
8-in. rifle 80 times.

j The country owes much to Mr. Parrott. His ser-
vices have proved far more valuable than those for

which Sir W. Armstrong was knighted.
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suits, which are certainly promising, having

sustained over a thousand fires with charges

of great strength. But no European Gov-

ernment entertains, as yet, the least notion

of adopting any one of the many systems

undergoing tests, until these tests shall have

accumulated so as to place the endurance of

the guns beyond the possibility of a doubt.

Any other course would involve a most un-

warrantable risk. The enormous cost of

such guns would render their definitive

adoption a matter of as much solicitude as a

cabinet crisis or a coup d'etat. In brief it is

safe to say that there is no system of Ord-

nance in Europe, whose merits are known,

or which has been accepted as a system.

We have in this country the Rodman system

of smooth bores, which has been tested

through all calibers, except the 20 in., with

results which have given, as yet, no instance

of failure. If we are unable to assert that

it is superior to any other, we can at least as-

sert a tolerably accurate knowledge of what
it is capable, which is more than can be said

of any European system. The Ordnance
question in this country is not between the

Rodman system and a better one, but be-

tween the Rodman and three or four whose

merits are not determined. Meantime, as

has already been stated, American construc-

tors are confined to the possibilities of cast-

iron, and in that restricted field American
Ordnance is far beyond the competition of

any foreign nation. Our irons are unequal-

led, our workmanship unexcelled, our ac-

curacy of detail in the rninutise of the process

and the absolute certainty of our results, are

as nearly perfect as it is possible to be. With
the examples of England and Prussia before

us, the Ordnance Department is reluctant to

advise— especially at this juncture— the

embarking upon that boundless ocean of ex-

pense, which seems necessary before it will

be possible to arrive at an experimental de-

termination of the superiority of wrought
iron and steel cannon ; and until those na-

tions exhibit results corresponding in value

to the enormous outpouring of money upon
experimental guns which the last ten years

has witnessed, prudence at least should ad-

monish us to bide our time. Whatever the

Krupp and Fraser guns may be, it is certain

that they are not yet afloat, nor frowning
from casemates : it is certain too that they

will not menace us, until their builders

know what they are good for. When that

eventful time arrives, when other nations are

prepared to adopt them and arm their

batteries, afloat and ashore, with them,
then, and not until then, will it be time to

ask whether the Rodman system should
be superseded. D.

STEAM POWER METERS.
From " Engineering."

There are probably but few of our readers
who, being employers of steam power, have
not at some time or another desired to as-

certain with exactness the total amount of

work done by an engine in a given time
when running with a variable load, and who
have not been struck by the difficulty which
exists in obtaining such information by any
ordinary means. So long as the work per-

formed by an engine is tolerably constant,

indicator diagrams taken at frequent inter-

vals, and carefully worked out, will give the

desired information with sufficient accuracy
for most practical purposes ; but, except
in the case of pumping or blowing engines,

the work done by an engine is seldom really

constant for more than a very few minutes
together, and the consequence is that or-

dinary indicator diagrams, unless taken in

rapid succession and in considerable num-
bers, do not afford data from which the total

power developed in a given time can be cal-

culated with any degree of accuracy. More-
over, the working out of a large number of

indicator diagrams is a tedious task, and re-

quires a considerable expenditure of time

even if the assistance of a planimeter is

available, and it thus but rarely happens
that an attempt is made to ascertain with
exactness the power developed by an engine
doing variable work.

To facilitate the taking of a number of

consecutive indicator diagrams, Mr.—now
Sir Daniel—Gooch, many years ago employ-

ed, on the Great Western Railway, his con-

tinuous indicator, in which the diagrams

were traced by the pencil on a continuously

moving strip of paper : a plan which obviat-

ed some of the difficulties of the case, but
which in no way diminished the labor re-

quisite to obtain from the diagrams a know-
ledge of the power which the engine had
been exerting. More recently also, Mr.
Arthur Rigg, of Chester, has proposed and
used a form of continuous indicator, which,

although possessing one or two minor ad-

vantages over Mr. Gooch's, appears to us to

be open to far more serious objections than

the latter. According to Mr. Rigg's plan

the cylinder of the indicator is placed in
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communication with the engine cylinder at

brief intervals, the communication being-

allowed to remain open for, say, three re-

volutions out of every hundred ; while the

pencil carried by the piston-rod of the in-

dicator bears against a strip of paper, which

has a slow motion imparted to it by con-

venient means. The effect of this arrange-

ment is that during the time that the com-
munication between the engine and indicator

cylinders is shut off, the pencil of the indi-

cator will trace an atmospheric line on the

paper ; but when the communication is open

it will rise and fall tracing on the paper ver-

tical lines, which by their length indicate

the maximum steam pressure and vacuum
in the cylinder. These data being register-

ed, it is intended to calculate the power de-

veloped by the engine by working out in-

dicator cards taken from the latter, and
having maximum steam pressures and va-

cuums equal to those registered by the con-

tinuous indicator. This method is in any
case a very roundabout one ; but in instances

where the boiler pressure is constant, or

nearly so, and the speed of the engine is

controlled solely by the throttle valve, it

may be possible by some considerable ex-

penditure of time and trouble to obtain by
Mr. Rigg's plan a tolerable approximation

to the power developed by an engine in a

given time. So soon, however, as we have
to deal with an engine having varying ex-

pansion, Mr. Rigg's system becomes useless,

as it is evident that of two diagrams, both

showing the same maximum steam pressure

and vacuum, the one may, from an altera-

tion in the point of cut-off, correspond to the

development of twice or three times the

power shown by the other. Under these

circumstances the maximum pressures and
vacuums registered by Mr. Rigg's instru-

ment would, of course, be of no use whatever.

In the case of engines fitted with Messrs.

Farey and Donkin's arrangement for measur-

ing the amount of heat passing away in the

condensing water, the power developed in

a given time can, as we explained in a recent

number (vide page 341 of our last volume),

be ascertained with a great degree of ac-

curacy soon as the "constant" of the engine

is known—the power developed and the

quantity of heat passing away being sensi-

bly proportionate to each other. But even

with Messrs. Farey and Donkin's system

some calculation is requisite, and although

cally perfect, it does not form a ready means,
easily applicable in all cases, of ascertaining

the total work done in a given time by any
engine, however variable that work may be.

The only instrument yet brought under
our notice which satisfactorily fulfills this

much to be desired end, is the steam power
meter and continuous indicator lately de-

signed by Messrs. Ashton and Storey, of

Manchester, and which to our minds was the

most interesting scientific novelty exhibited

at the recent show of the Royal Agricultural

Society. In this apparatus a modification

of the inte-grating arrangement employed
in General Morin's well-known dynamometer
has been used to multiply the motion of the

piston by the pressure exerted upon it, the

result, expressed in foot-pounds, being by
suitable mechanism indicated upon a dial.

The general arrangement of this ingenious

instrument is shown by the engraving

which we publish in the present num-
ber, and we trust that the explanation of its

construction there given will render its

action clear. We believe that this instru-

ment will be found to render material

aid in estimating the economical value

of different engines under various circum-

stances, and it will at once show whether

any unusual expenditure of fuel is due to

increased work thrown upon the engine or

to carelessness upon the part of the at-

tendants. It will also enable the user

of the steam engine to ascertain, by mere

inspection of the dial, the power required to

drive different machines, or the efficiency of

different lubricators, and it will furnish a

variety of similar information, the value of

which will be fully recognized by those who
have hitherto only been able to obtain it by

a considerable expenditure of time and

trouble. Altogether we regard Messrs.

Ashton and Storey's invention with much
interest, and we shall carefully watch its

progress. We shall be especially glad to

know that it can be used on locomotives

without the vibration giving rise to defective

indications, and we trust that but a short

time will be allowed to elapse before it is

fairly tried under such circumstances. Once

let it be proved that Messrs. Ashton and

Storey's steam power meter can be depended

upon to register accurately the actual work

done by a locomotive during any given run,

and those of our railway engineers who are in-

clined to make experiments, will have plenty

as an accurate test of the performance of of useful work on their hands for some time

steam engines it may be considered practi- 1 to come.
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DESIGNOLLE'S NEW POWDER.

By A. Payen.

From "Bulletin de la Societe d' Encouragement,"
through Polyt. Journal.

The introduction of the breech-loading

ordnance and arms is a great progress in the

art of warfare. But it is not less important

to improve the moving agents and the mov-
ing power for projectiles, and to invent new
kinds of gun-powder, the action and energy

of which might answer the various wants of

modern artillery.

The importance of this question was fully

understood by Designolle, who, after incess-

ant experimenting for seven years, seems to

have arrived at its practical solution. In
considering the actual condition of artillery

it is evident that four principal kinds of

powder are required

:

1. Gun-powder.
2. A quick-acting powder for short-bore

cannons.

8. A slow-acting powder for long-bore

cannons.

4. A blasting-powder for torpedoes and
exploding projectiles.

The ballistic power of the powder used

heretofore, cannot be increased by altering

the mixing proportions of its constituents.

The initial velocity imparted to the pro-

jectiles by the ordinary black gun-powder
has been somewhat increased by the im-

provement of the machinery, by which the

materials are prepared and mixed in the

manufacture. This has been effected espe-

cially by the use of grinding-mills instead

of stamping-mills. But the explosive or

blasting power, which is injurious to fire-

arms, has been increased by this change
much more than the shooting-power.

The principal advantage of Designolle's

system of powder-manufacture consists in

the possibility of producing a whole range

of different kinds of powder, varying in

strength, and designated by different num-
bers, from 1 to 10, according to their

strength. Also two entirely different class-

es of powder can be made by this system, a

blasting-powder, the strongest kind of which
is ten times more powerful than an equal

weight of the powder now in use, and a gun-
powder whose shooting-power is equal to

that of the ordinary black powder, its ex-

plosive and destructive effect being however
considerably less than that of the latter.

As either of these two classes contains

ten numbers, differing in strength, it is evi-

Vol. I—No. 12.—70.

dent that the system can answer any requi-

sition.

Designolle has solved the problem of

manufacturing a powder, the different kinds of

which are suitable for different lengths and
diameters of the bore of fire-arms and for

different weights of the projectiles, and im-

parting to the projectiles an initial velocity

as desired and as determined beforehand.

One principal constituent of Designolle's

powder is picrate of potassium. The blast-

ing-powder contains besides this only nitrate

of potassium. The gun-powder is a mix-
ture of picrate of potassium, nitrate of po-

tassium and charcoal. These substances

are mixed in different proportions, accord-

ing to the strength required.

Picrate of potassium is composed of pic-

ric acid and potassa. Picric acid is a sub-

stance which was first discovered by Hauss-
maun, in 178S. Welter afterwards ob-

tained it by treating silk with nitric acid. A
number of French and German chemists

have made researches on the same substance.

But it was reserved to Laurent to find out

its exact composition and chemical formula,

and to discover the most proper way of

making it. He showed that the picric acid

corresponds in its composition to phenylic

acid, in which three equivalents of hydro-

gen are replaced^, by three equivalents of

hyponitric acid.

Formula: C 12
\ ,xT ?-l» I
(N O 4

)

3

A Paris gas company produces on a large

scale phenylic acid which is the principal

raw material for the manufacture of picric

acid and of its compounds.

Picrate of potassium is a crystalline com-
pound, consisting of small, glossy, yellow

prisms of the dimetric system. It is inso-

luble in alcohol, very little soluble in cold

water ; but it can be dissolved in 14 parts

of boiling water. When heated carefully

to 300 degrees Celsi, it becomes orange. It,

however, retakes its original color in cool-

ing. When heated to 310° C. it explodes

with vehemence.
This substance was very dear until lately,

when John Casthellaz, one of the best

French manufacturers of chemicals, im-

proved its manufacture to such a degree,

and produced it at such a low cost that the

price of Designolle's new powder is but

very little higher than that of the ordinary

black gun-powder. To be able to determine

the quantity of saltpeter and charcoal to be

mixed with the picrate of potassium, it was
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necessary to examine the chemical reaction

which takes place when this substance is

made to explode. Designolle found, by nu-

merous experiments, that two entirely dif-

ferent reactions can take place according to

the circumstances under which the substance

explodes.

1. When picrate of potassium explodes

in the free atmosphere, prussic acid and ni-

tric oxyde are formed.

2. When picrate of potassium explodes

in a narrow place, as for instance in the

bore of a gun. neither prussic acid nor nitric

oxyde are formed, but the products are in

this case : nitrogen, carbonic acid, hydrogen,

oxygen, carbonate of potassium and carbon.

The formula which expresses the latter

reaction, and on which the manufacture of

the powder is founded, is as follows

:

KO+C 12 j^~=3N+5C0 2+ 2H+
+ KO,C 2 + 6C.

Designolle's powder is made in the fol-

lowing manner. The different substances

are at first mixed with 6 to 14 per cent of

water, and crushed fine in a stamping-mill.

Three to six hours are required for this ope-

ration. The mixture is then compressed in

a hydraulic press. As the rapidity with

which the powder burns or explodes is in an

inverse ratio to the pressure to which it has

been subjected, this pressure is taken differ-

ently, according to the different use to be
made of the powder under treatment. This

pressure varies from 30,000 to 100,000 kilo-

grams. The compressed mass is corned by
a special machine, sifted, polished and dried.

The last two operations are done in the

same way as with ordinary black powder.

There is, with the above exception, no
difference in the mode of manufacture of

the various classes and kinds of Designolle's

powder. The proportions of the materials

only are different according to the qualities

that are required for the different kinds.
J

The greater the amount of picrate of potas-

sium in the mixture, the greater is the bal-

listic power of the product. G-un-powder
ought not to contain over 20 per cent of the

picrate. From 8 to 15 per cent of it are
j

used for making cannon-powder, the exact

quantity depending on the rapidity and
vehemence with which the powder is expect-

ed to explode.

The advantages which Designolle's pow-
der has over the ordinary gun and blasting-

powder are the following :

1. Its ballistic or shooting-power can be
increased without increasing its explosive

force.

2. The strength of the powder can be ex-

actly regulated within the limits given by
the numbers 1 and 10.

3. The rapidity of action of the powder
can also be exactly regulated.

4. The ballistic power of the powder can

be increased without altering the mode of

manufacture and in using similar materials.

5. The effects of the new powder are very
regular and uniform. The initial velocity

of the projectiles thrown by one kind of this

powder is always the same. This velocity

varies with different kinds from 1 to almost

2 meters, according to the mixture and
pressure employed in the manufacture.

6. The new powder does not contain any
sulphur, so that no vapors of sulphide of

potassmm or of sulphide of hydrogen are

produced by its combustion, which vapors

are very injurious to the health of the men
when working in a casemate or in the inte-

rior of a man-of-war.

7. From the same reason the new powder
has no injurious effeet on iron, copper or

brass.

8. The smoke produced by the combus-
tion of the new powder is but very slight,

and is in fact nothing but steam with small

quantities of carbonate and oxyde of potas-

sium.

Large quantities of Designolle's powder
are actually manufactured in the French
Imperial cannon-foundry at Bouchet

; gun-

powder as well as quick and slow-acting

cannon-powder, and blasting-powder for tor-

pedoes and for explosive projectiles. S.

I
etallic Tubes.—A new and promising

industry is announced, that of the man-
ufacture of metallic tubes from rolled plates,

by machinery. The resources of the tube

drawer have not been called into requisition

for the production of stove pipes or speaking

tubes, nor is it perhaps necessary that they

should be. Heretofore they have been

made cheaply by hand. We shall next week
illustrate and describe a simple continuous

machine whereby these and other varieties

of tubes may be made, at almost insignifi-

cant cost for attendance, at the rate of sixty

feet per minute. They are made from flat

strips or skelps, with a continuous, longitu-

dinal joint, wherein two continuous edges

are lapped and locked together by pressure
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only. If the statements of the patentees

may be fully relied upon, small (1-inch)

copper tubes made upon this plan have with-

stood a pressure of 250 lbs. per square inch

without leaking, and tubes of iron, zinc, tin,

&c, considerable although less pressures.

The joint can be formed either inside or out-

side of the tube, so as to present a flushed

surface on either side as required.

Supposing such results to be fully estab-

lished by continued practice, it is a ques-

tion whether surface-condenser tubes could

not be made with advantage by the same
process. Some of the larger surface con-

densers, as those of the Hercules, have up-

wards of twenty miles of small, say, three-

quarter-inch tubing. The pressure within

them, where the steam is admitted to the

outside, does not probably much exceed 25

lbs. per square inch, say 12^ lbs. due to the

vacuum, 5^ lbs. for the head of sea-water

above the condenser, and 7 lbs. for the force

required to pump through the circulating

water. Should there be the least leak at

any point, the leakage would be of sea-wa-

ter, charged, of course, with whatever air

might be in mixture with it. It is a nice

question, only to be settled by experiment,

whether there would be any leakage, in tubes

thus made by machinery, and subjected to a

pressure of 25 lbs., and, if so, whether the

leakage would be such as to materially viti-

ate the vacuum. If a tube should leak, it

is not only a difficult matter to replace it,

but it is even more difficult to find it among
from 3,000 to 7,000 others. So far as a

little leakage of salt water is concerned, it is

by no means objectionable when it is con-

sidered that a little salt water is the very

thing wanted at intervals in boilers working
with surface condensers. If the salt water

does not enter the condenser, it has now and
then to be pumped in from the sea. In the

latter case, however, the supply is known,
and under control, while in the former it

may be anything or nothing.

If mechanically jointed tubes should be

found available for surface condensers, as

possibly they may be, it will be urged that

the laps of the joints represent so much ex-

cess or waste of metal, and that the rolled

metal, with which the process commences,
must cost more than the cast metal employ-

ed by the tube drawer. It will remain to

be seen how much thinner metal may be em-
ployed in rolled plates than that to which
tubes of the same strength may be drawn,

and there is again to be considered the

great economy of manufacture in the new
process as compared with the slow and
tedious process of drawing. We intend to

offer no opinion upon these points, but to

await the results of careful experiment, re-

sults which will probably be soon forthcom-

ing. The members of the Institution of

Mechanical Engineers are likely, we under-

stand, to have an opportunity of seeing the

machine at work during the approaching

meeting at Newcastle, and we shall, as we
have said, illustrate and describe it in our

next number. It is the invention of an

American, and is being introduced into Eng-
land by Mr. T. F. Taylor, of No. 9 Doughty-
street, Mecklenburgh-square, and 42 Kirby-

street, Hatton-garden.

—

Engineering.

THE HIGHWAYS OF NATIONS.
From " The Engineer."

With the introduction of steam, and its

application to locomotives and marine en-

gines, came the race between land and wa-
ter, which should constitute the principal

routes of international communication. So
far as the actual distance between any two
emporiums of traffic and commerce is con-

cerned, the land has the advantage of

the water in the ratio of three to one. In
other words, a journey by land of three hun-

dred miles could be accomplished by rail in

the same time as one of a hundred miles by
water, even supposing our fastest ocean go-

ing steamers performed the voyage. The
odds are still further increased in favor of

land journeys if we take into consideration

the general disinclination of passengers to

sea voyages, and the troubles, delays, and
anxieties that are the inevitable accompani-

ments of those that " go down to the sea in

ships." These objections do not apply with

the same force to the transport of merchan-

dise, but they are not completely invalid

even in that instanee. The difference be-

tween ocean highways and similar inland

routes may be briefly expressed by saying

that by the former we go round the world,

by the latter we go across it. A glance at

the map of our own little island is sufficient

to demonstrate this fact, but to appreciate

it fully, and to apply the simile upon a scale

of magnitude commensurate with our title,

we must lay before us the railway maps of

Asia and America. There we see lines

stretching from coast to coast, traversing

deserts, forests, and prairies, and uniting

opposite seas by a medium of communica-
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tion not their own. In India, the port of

Beypoor, on the west, is linked to that of

Madras, on the east, by a railway which

runs right across the southern portion of

our oriental peninsula, and Bombay and

Calcutta, the city of palaces, will soon he

en rapport hy the same means. But these,

and other great national arteries of com-
merce and civilization, sink into compara-

tive insignificance before the gigantic chain

which now stretches from New York to

San Francisco. If the status of our own
country reached its climax almost before

the introduction of what are now recognized

as the pioneers of civilization, what must be

the future of the new world where the same
advantages have throughout the greater por-

tion of its vast extent preceded the advent
of the population ?

To unite country to country, nation to na-

tion, and continent to continent, by a more
intimate link than ever previously existed,

is the mission of the age ; and insomuch as

the common interests of the last exceed those

of the former, so much the greater is the

merit due to the accomplishment of the

union. As an example of our meaning, the

Mont Cenis tunnel will effect the union of

France and Italy, and, without indulging in

metaphor, undermine the glory of both
Hannibal and Napoleon. But this is but a

link, locally considered, between two adja-

cent countries, whereas the piercing of the

Isthmus of Suez accomplishes a more direct

communication between Asia and Europe
than the two continents have ever previously

enjoyed, and constitutes in every sense a

highway of nations. It might be supposed
that those ports and towns forming the ter-

mini of a route of this nature would benefit

more largely than others situated more re-

motely from its vicinity. To some extent

this supposition is correct, but not to the de-

gree usually assumed. It is impossible at

the present time for one nation to become
rich at the expense of another, or to benefit

exclusively by the magnitude of its imports.

The days of national monopoly are gone,

never to return. Increase of imports signi-

fies increase of exports, and it is only now
by an interchange of traffic and commercial
relations that a country can hope for a pros-

perous future. Projected, advocated, and
carried out by a Erenchman, it would be
but a fair return for his nation to reap the

most substantial advantages from the mara-
time canal. May it be so, the more espe-

cially as we are perfectly convinced that any

stimulus and increase that may be given to

the trade of our neighbors will not fail to be
nearly equally valuable to ourselves. At
the same time it is well not to be over con-

fident. Disappointment is ever in direct

proportion to expectation. Will the hopes
of our Gallic friends be fully realized ?

—

Will the results equal their anticipations ?

Will the opening of the new route restore

to the old " highways " their former traffic?

Shall Venice rise to her pristine glory,

where she " sits enthroned upon her hun-
dred isles?" Shall the lion of St. Mark
again be the lord of the Adriatic ? and shall

the merchandise of India and Asia be waft-

ed to the ports of the Mediterranean ?

In former times a sailor who had doubled
the Oape was regarded as a tried navigator,

and considered competent to give his opin-

ion and hold his own views with his nautical

confreres. . The scientific manner in which
vessels are handled at the present day, and
the large increase of steamers, have in some
measure destroyed the value of the old test,

but still rough weather is generally looked

out for near that locality. Practically

speaking, the value of the Suez Canal to the

sailor is that, if successful, it will obviate

the necessity of the passage round the Cape
of Good Hope, and reduce the length of the

voyage nearly one-half. The junction of

two seas that is effected by the Suez Canal
has long been endeavored to be accomplish-

ed in the regions of the new world. No
less than seven different lines of canal have
been projected and roughly surveyed in or-

der to discover a highway between the At-
lantic and Pacific Oceans. The value of

such a work did not escape the penetration

of the gi*eat adventurer and discoverer Her-
nandez Cortes, but from his time until now,

with the exception of a railroad across the

Isthmus of Panama, the communication has

remained in statu quo. A ship canal in this

situation would open a new route to Aus-
tralia, China, Japan, and the adjacent coun-

tries—would do away with the passage round
Cape Horn, and be an invaluable benefit to

the commerce of the two hemispheres. At
present it appears to be an impossibility to

construct this important channel without the

intervention of several locks. These would
be fatal to the enterprise, as to attempt to

pass the traffic of the world through a num-
ber of locks is an absurdity which the most
reckless speculator could not ignore. Im-
portant as some of the routes are to which

we have briefly alluded, they are nothing to
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those which remain to be opened up. China

is still a country where the "iron horse"
has never run. The boundless plains of

Thibet and the wilds of Tartary, in their al-

most immeasurable expanse, are ignorant of

steam locomotion. The great Asiatic high

roads have yet to be delineated by lines of

iron ; the caravan must be replaced by the

railway carriage, and the canal by the en-

gine-

CONCRETE BUILDING.

Mr. Goodwin, builder of a concrete ware-

house in London, communicates to " the

Builder," the following account of the struc-

ture and materials : The concrete is com-
posed of one part of best Portland cement
to seven parts of material consisting of clean

Thames gravel, crushed slag and clinkers

from furnaces, crushed bricks, stone chip-

pings, oyster-shells, pottery, hard core from
dust-yards, and any other hard and incom-

bustible material I could get. We built

upon an average per day about 12 in. all

round the walls, grouting in with sand and
cement at every fresh layer of concrete.

We also put in hoop-iron bond at each floor.

We could have built 18 in. per day, which

is the depth of the apparatus, but I con-

sidered 12 in. quite fast enough for a build-

ing so high ; though at other smaller jobs I

have often built 3 ft. per day.

The building is 70 ft. by 50 ft., and 60 ft.

high. It consists of basement and five floors,

each floor supported by twelve iron columns.

The roof is of concrete 3 in. thick, laid be-

tween tee-iron 3 ft. 6 in. apart, covered with

asphalte. The thickness of walls is to the

brick rule ; those 70 ft., two floors 27 in.,

two floors 22 in., and two floors 18 in. ; the

50-ft. walls are, two floors 22 in., and four

floors 18 in. The cost of the walls, con-

sidering I got a great deal of the material

for nothing, was under £6 per rod ; or, take

the whole of the building as a cube, the

cost was about 3d. per foot. It is very

strongly built, and as good as one of the

warehouse class can be. It is now loaded

with goods, every floor full, and has never

shown the slightest crack or settlement. It

is harder than most kinds of stone used for

building purposes, and is of one solid mass
from beginning to end.

As with Mr. Tail's patent apparatus (with

which it was built) a perfect surface is ob-

tained throughout, it requires only a thin

coat of cement and sand to finish the walls

perfectly smooth and true. I quite agree

with Mr. I'Anson in his opinion "that the

success of such work depends on the entire

honesty of the man who does it."

I have learnt so much of concrete with
this and other contracts I have taken since,

that I find the greatest care must be used
in choosing the material. I have made
specimens of all kinds. Many persons, and
amongst them builders, think if they have
gravel, by adding the cement they have all

that is required to make concrete. So much
depends upon the gravel, that if it is not the

right sort the work will cost as much as

brickwork, and then never be sound. Every
bit of loamy matter and dirt must be wash-
ed out thoroughly ; then you must replace

with clean sharp sand, about one-fourth.

Those who wish to build of concrete

should only do so where the material is on
the spot or very near. Clean river ballast,

with a good proportion of sand, is as good a

thing as we can have for Portland cement
concrete. If some crushed slag or furnace

clinkers can be mixed, so much the better
;

it is also lighter, which is a good thing in

wall construction. Burnt clay is also a

very good material, provided it is well burnt.

Grreat care should be taken to sift with a

fine sieve all crushed material ; for, let it be
what it may, dust, loamy matter, or fine

sand, if it is finer than the cement itself it

will dilute and kill it. I have made speci-

mens of concrete with gravel that have be-

come as hard as the best stock brick, and I

have made others, with the same proportion

of cement, that you may crush and crumble
in your hands.

The concrete chapel I have just completed

at Snaresbrook, in Essex, is built of the

refuse of the brick-fields, mixed with sharp

sand got from a good depth, there being a

sewer in course of construction close by.

The concrete is composed of one part cement

to seven parts of material. The prime cost

of the walls, including the working the ap-

paratus, was £7 per rod. Many of the

statements that have appeared in print upon
concrete are not correct. It has to be borne

in mind, a yard of concrete mixed dry, when
wetted and put into the apparatus, falls con-

siderably short of a yard,—at least 15 per

cent. Neither does the cement make bulk,

but disappears in measure, as does the

water. If lumps of stone can be got, or

brick burrs, or old bricks, to pack into the

wall, it makes better work and cheaper.

The more the cement can be displaced the

better for the work and the less the cost.
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Great care should be taken the cement is

not too fresh, or it will cause the work to

crack. It should be at least a month old

before using.

The concrete villa at Addiscombe-road,

Croydon, is now completed and occupied
;

it gives great satisfaction, and, it is said,

will be the only house the rain will not

penetrate in that neighborhood. The lower

floors are all of concrete, and perfectly

smooth and warm ; there is no channel for

a mouse or any creeping thing in that house,

unless it take up its abode with the family.

THE SIEMENS-MARTIN PROCESS.
Abstract of a paper read by Mr. Richard Howson,

before the Iron and Steel Institute.

After some remarks touching the history

of the mode of manufacturing cast steel by

melting certain proportions of cast iron and
wrought iron together, the writer proceeded

to observe that it was not till 1845 that the

process assumed a practicable shape. In

that year Mr. Heath obtained a patent, the

specification of which clearly describes how
such a process may be carried out in the

hearth of a reverberatory furnace. We
have no record that his experiments led to

commercial success
;
probably there were

difficulties in the way. At a later date other

workers came into the field, and in the hands

of Mr. Attwood the manufacture has reach-

ed a fair degree of certainty and excellence,

to which the use of Siemens's furnace has

doubtless in a great degree contributed.

Meanwhile, in France, the Messrs. Martin

were prosecuting experiments in the same
direction and on the same principle as de-

scribed by Heath, and were successful.

Their method of proceeding, however, in-

troduced some new features, especially the

use of oxides. The staple trade of their

establishment at Sireuil is the manufacture

of gun barrels, which they turn out of ex-

cellent quality from pig iron and puddled

ball, which are both the produce of a pure

African ore. The process may be simply

described as follows : The pig iron is first

melted on the hearth of a Siemens furnace,

in weight from | ton to 1 ton. The puddled

ball (previously heated) is then added in

quantities weighing about 1 cwt. at a time,

with occasional small doses of oxide of iron

of pure quality. By these means the carbon

in the bath becomes gradually reduced to a

low percentage, and the metal approaches

to the state of wrought iron. A portion of

the carbon is then restored by the addition

of spiegeleisen, so as to give the steel the
requisite temper, and the process is finished,

and the whole is tapped off into ingot moulds.
The ingots are subsequently hammered,
rolled, and forged into gun barrels. The
time occupied from charging the furnace to

tapping out is about 11 hours, and the aver-

age proportion of cast and wrought iron will

be about 2 of the former to 3 of the latter,

with usually 2 or 3 per cent of oxides. At
the Newport Works the experiments which
have been made are very numerous. The
next portion of the paper was devoted to a

detailed description of the apparatus, and
then went on : The rationale of the process

next comes under notice, the state of the

bath being judged of at different periods by
means of tests which are from time to time

taken out. After the pig iron is melted, the

first action which takes place is the oxida-

tion of the silicon. The fracture of the test

is then white, like refined iron. As more
wrought iron is added, it becomes more or

less malleable, and the fracture assumes a

dull, gray color, getting gradually brighter

and more compact in grain, until it reaches

the stage of true steel. At this point the

process might be stopped, and has been
stopped, with good results ; but it is not al-

ways safe to do this in practice. The better

plan is to proceed until the tests begin to

bend and tear, and then to impart the re-

quisite hardness by adding spiegeleisen, about

1 cwt. to the ton being usually a sufficient

quantity, with brands containing 6 or 7 per

cent of carbon. The experience at Newport
has shown that little improvement is to be

gained by deviating from the practice adopt-

ed by Messrs. Martin themselves, and it has

also decided another question, viz : that the

process offers little or no chance for the em-
ployment of low-priced iron. As a rule,

the present brands produce the best ingots,

and it is much to be regretted that Cleve-

land iron, except in the state of very care-

fully puddled bar, seems to be quite inad-

missible. The author spoke favorably of

the economy of the process and of the

possibility of its standing the severe com-
petition in England ; and went on to notice

two points of interest contingent to the pro-

cess. In the first place, he said it had been

found that when the bath had arrived at the

soft stage, there was considerable danger in

allowing it to remain any lengthened period

before adding the spiegeleisen. As long as

there was a sufficient amount of carbon in
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both, it acted as a protection to the iron

against oxidation ; but when it was all, or

nearly all burnt away, the iron itself began

to burn, as might be seen by the crystallized

appearance of the fracture. It was a ques-

tion, however, whether it was the free

oxygen of the flame alone which produced

this result. Professor Graham had shown
that carbonic oxide penetrated iron with

extreme facility ; and specimens were shown
which had been subjected to the action of

carbonic oxide under a variety of conditions.

They all preserted the same appearance of

deteriorated structure ; and were all exces-

sively brittle. Neither carbonic acid nor

atmospheric air under similar conditions

seemed to have the same effect ; and it

might be fairly assumed that this question

required further examination. The other

point to which he referred was a peculiar

property of homogeneous iron or mild steel,

which was early observed in the course of

the experiments at Newport. When ordin-

ary steel was chilled in cold water at a red

heat, it hardened more or less according to

the percentage of carbon it contained.

When the carbon was reduced below a cer-

tain amount—about 5 per cent—it then

obeyed the same law as copper. The metal

when chilled became soft to the file ; but, at

the same time, more compact, tougher, and

stronger. Specimens were exhibited to

illustrate this fact ; and the question was
glanced at as to the probability of hereafter

turning this property to useful account. The
writer concluded by stating that much re-

mained to be done in the metallurgy of iron

and steel ; and ventured the prediction that

steel ingots for rails would yet be made at a

price but little exceeding that of puddled

bar, although he acknowledged that who-
ever undertook to do it would have to bring

to the task a large stock of patience, per-

severance and capital.

The Strength of Boilers.—It has been

found, by actual experiment, that good
forged iron will bear a strain of from 25 to

30 tons to the square inch of section. That
is, a bar one inch square, or a plate of iron

containing one inch of sectional area, will

require a force of from 50,000 to 60,000 lbs.

to wrench it asunder. Some years ago, a

committee of the Franklin Institute of

Philadelphia very thoroughly investigated

this question of the strength of boil rs,

and it was found that the tenacity of

boiler-plate increased with the tempera-

ture up to 550°
; at which point the tenacity

began to diminish. At 32°, the cohesive

force of a square inch of section was 56,-

000 lbs. ; at 570°, it was 66,500 lbs. ; at

720°, 55,000 lbs. ; at 1,050°, 32,000 lbs. ; at

1,240°, 22,000 lbs. ; and at 1,317°, 9,000 lbs.

Strips of iron cut in the direction of the

fiber were found to be about 6 per cent
stronger than when cut across the grain.

Repeated filing and welding was found to

increase the tenacity of the iron, but the

result of welding together different kinds of

iron was not found to be favorable. The
accidental overheating of a boiler was found
to reduce the ultimate or maximum strength

of the plates from 65,000 lbs. to 45,000 lbs.

per square inch of section, and riveting the

plates was found to occasion a diminution in

their strength of one-third. The results of

M. William Fairbaim's experiments differed

somewhat from the above. He found that

boiler-plate bore a tensile strain of 23 tons

per square inch of section before rupture
;

which was reduced to 16 tons when joined

together by a double row of rivets, and 13
tons, or about 30,000 lbs-, when joined by a

single row of rivets (2,240 lbs., are allowed

here for a ton).

Mr. Fairbairn says that "plates when
riveted together are reduced in strength from
the fact that nearly one-third of the material

is punched out for the reception of the

rivets," and therefore he takes 34,000 lbs.

as equal to the sti'ength of riveted plates

containing one inch of sectional area.

In casting up the bursting pressure of

boilers, it is necessary that some number
representing the tenacity of plates one inch

thick be decided upon. Some engineers in

their calculations estimate it at 34,000 lbs.

while others place it as low as 25,000 and

30,000 lbs. These figures suppose the iron

to be of the best quality, and the following

rules suppose the workmanship of the boilers

to be first-class in every particular. No
rules can be given for poor materials, nor for

poor workmanship. By a sectional inch or

an inch of sectional area is understood a

sufficient surface of boiler-plate of any thick-

ness under 1 inch to make a thickness of 1

inch ; or, in other words, suppose a boiler

to be constructed of g-in. iron, and from its

end we cut off a section or hoop 1 in. long,

two such sections would be equivalent in

quantity of iron to one hoop 1 in. thick,

for the two being each g-in. thick would to-

gether be 1 in. thick. If the boiler was
constructed of ^-in. iron, it would require
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four such sections to make one an inch thick.

If constructed of §-in. iron, 2.66 would be

required, and so on for any thickness of

plate. In testing the strength of iron, bars

1 in. square are used; hence, in estimating

pressure on boiler-plates, sufficient surface

must be taken for each thickness to equal in

quantity a bar of iron 1 in. square. If we
assume that single-riveted boilers will sus-

tain a tensile strain of 34,000 lbs. per square

inch of section before rupture, the strain on

each superficial inch on a plate f-in. thick

would be f of 34,000, and for ^-in. plate \
of 34,000, etc.

—

The Loco?notive.

BETTER IRON RAILS.

We promised in a previous number some
facts about the superior durability and econ-

omy of thoroughly worked iron in rails, and

the practicability of obtaining good rails at

a reasonable cost. The case of the Heading
railway, to which we intended to refer, and

the whole issue between railway managers
and rail makers, is thus stated in the New
York "Times."
Whenever a broken rail throws off a train

or the enormous cost of maintaining perma-

nent way is under discussion, there is a gen-

eral outcry against the poor iron of modern
production, and a longing for the skill, sci-

ence and honesty among manufacturers that

used to make rails last twenty years. Noth-
ing can be more touching than the pious

regrets of a railway manager, standing among
the debris of rails, axles and machinery worn
out in the flower of their youth, at the de-

generacy of the metallurgical skill and con-

science of the period. In order that the

public may understand how far their risks of

life and loss of dividends are due primarily

to this cause, we invite their attention to the

following facts and considerations.

The general rule in this country (to which
there are indeed exceptions) in regard to the

purchase of railway materials is simply this :

buy the cheapest. First cost is the controll-

ing and often the only question entertained.

The nature of the materials and processes to

be used in the manufacture of rails, for in-

stance, are not mentioned. The buyers for

some of our roads, especially new roads,

never make the slightest allusion to quality,

and never specify tests and inspections, but
simply go about among the mills, comparing
and beating down prices, and accepting the

very lowest. More than one of our rail

makers are to-day rolling, under protest,

rails upon which they decline to put their

trade-mark—rails made from the very cheap-

est materials, in the very meanest manner

—

for all that is required is that they shall

stick together till they are laid. And if

American makers will not roll them, Welsh
makers will. The late report of the State

Engineer of New York says :
" American

railway managers, instead of offering any-

thing like a reasonable price for good iron

rails, have made themselves notorious by es-

tablishing as standard, a brand of rails

known all over the world as 'American
rails,' which are confessedly bought and sold

as the weakest, most impure, least worked,

least durable and cheapest rails that can be

produced." The State Engineer refers in

confirmation of this opinion to the statement

of Mr. A. S. Hewitt, United States Com-
missioner to the Paris Exposition, a state-

ment not yet controverted ; and to a state-

ment of Mr. Sandberg, an English engineer

of note, in the London Times. A leading

American railway president and reformer

has publicly said: "There is a fear on my
part that railway companies will themselves

tempt steel-makers to send a poor article by
buying the cheapest—first cost only consid-

ered—as they did with the iron-masters.'
1

''

There is also a class of railway managers

who pretend, and possibly believe, that they

cannot get good iron rails—that the existing

processes for cheapening iron in all stages of

its manufacture render it impracticable to

produce the uniform and excellent material

formerly made. Now, while it is true that

much poor iron is called for and sold, it is

notorious that a better knowledge of chem-

istry and the modern improvements in ma-
chinery enable iron-masters to produce a

more excellent and uniform material than

ever before, as well as to reduce its cost.

These general facts are well enough known
to those who have taken the trouble to in-

quire. But we are not confined to general

facts. There are particular cases that cover

the whole issue. The one we shall mention

now is, fortunately, of such a character that

no private interest can affect the statement

or be affected by it. Early in 1868, the

Reading Railway Company commenced roll-

ing their own rails by an improved method,

and some of them have already been down
long enough, under the immense coal traffic

of that road, to vindicate this policy. For
instance, out of 9,000 tons of home-made
rails, which had carried a certain traffic dur-

ing the last nine months of 1868, only five
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tons, or one in 1,800 tons, had worn out.

During the same time, and under the same
traffic, out of 2,000 tons of rails made by
the old process at an outside mill of good
repute, about 200 tons, or one in ten, had
been worn out and removed, and the indica-

tions are that the remaining 1,800 tons will

be unfit for use at the end of this year. At
a point in the road near Reading, where
shifting from connecting lines is added to

the regular tonnage, the life of rails made
by the various old processes is from three to

four months. Some rails only last six weeks.

At this point the rails made by the new pro-

cess have already been down sixteen months
and are still sound, although much worn.

The trouble with ordinary iron rails, as we
have explained on another occasion, is that

they go to pieces before they get a chance

to " wear " out.

The best iron rails cost perhaps twelve to

fifteen dollars per ton more than the poorest,

but if they last twice or thrice as long, no
railroad manager will pretend to doubt their

economy. The trouble is, that some rail-

road managers, and especially the builders

of new roads, never consider the question of

durability. Nor is there any secret or diffi-

culty in the manufacture of good iron rails.

One process, which makers are sometimes
forced into by low prices, is to cut up old

rails, pile them together and roll them into

slabs to form the head of a new rail. The
remainder of the pile from which the new
rail is rolled, is simply old rails cut up and
laid together. Not a particle of new iron,

which would greatly help the welding, is

added, for that costs some six or seven dol-

lars per ton more than old rails ; and not

half work enough is done on the loose bun-
dle of iron forming the rail pile to compact
it. Nothing is more certain than that such
rails will go to pieces in the welds after short

service. The method adopted by Mr. Coxe,
of the Reading Railway Company's mill

—

and the same or a better one would be gladly

adopted by private makers if companies
would pay for it—is as follows : Some 70
per cent of old rails and 80 per cent of new
iron (puddle-bar) are laid into a pile and
rolled into slabs an inch thick. Nine thick-

nesses of these slabs are again piled, reheated
and rolled into a headpiece two inches thick,

which forms the top of the rail pile. The
remainder of the pile is made up of seven
thicknesses of the slabs before mentioned,
the whole being heated and rolled into a

rail.* In this way the body of the rail is

twice compacted by heat and pressure, and
the head, that receives the direct action of

the car-wheels, is three times subjected to

this condensing operation.

A rail thus made, instead of being a bun-
dle of heterogeneous laminae stuck together

by cinder, and ready to split apart under the

hammering of wheels, is a dense, compact,
and comparatively homogeneous mass, which
offers resistance not only to abnormal splin-

tering, but to normal abrasion and wear, just

in proportion to the work put upon it in the

rolling mill. It is the perfect homogeneity
of steel that enables it to outlast the best

iron, even more remarkably than the best

iron outlasts the poorest; and the nearer

iron rails approach in structure to steel rails

the longer will they last, and the less will

they cost in the end.

It is time that this pitiful talk about the

impossibility of getting good rails was
stopped. There is no doubt that some rail-

makers "scamp" their work—a peculiarity

of the period not confined to rail-making

—

but the worst of them can and will make
good rails, if railway managers will give

them a chance and institute suitable tests

and inspections.

THE WERDER RIFLE.

Translated from " Polyt. Journal," by Dahapsky.

The Bavarian government has proposed

to the Chamber of Deputies to adopt the

Werder rifle, together with the Berdan
cartridge, for use in the Bavarian army, and

to order for the present 100,000 of them.

A Berlin military periodical contains the

following description of the rifle mentioned :

Werder's rifle is a breech-loader, simple in

its construction and of small caliber (11 mil.).

The breech-mechanism has some resem-

blance to that invented by Peabody. The
breech-block moves on an axle passing

through to back part of the block at a right

angle to the bore of the giro. When the

breech-block is turned downwards, the breech

opens, when turned upwards, it is closed.

The Werder breech-block has a forked pro-

jection behind its axle. A concavity on the

upper surface of the block receives the cart-

ridge in loading.

The extractor has the shape of a joint-

lever and takes hold of the cartridge from

two opposite sides. The breech-block, in

being turned down, sets the extractor in

* The pile is repeated after being reduced to 5X6|.
— Ed. V. M.
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motion. A spring brings the latter back in

its ordinary position. The striker is situa-

ted within the breech-block, and is retained

there by a spiral spring, which also draws

the striker back after each discharge of the

rifle. A feature which distinguishes the

Werder system from that of Peabody is

this, that the breech closes of itself when the

rifle is cocked. Before this is done, the

breech is kept open by a double spring at-

tached to the above-mentioned forked pro-

jection at the back of the breech-block.

During and after the discharge of the rifle

the breech is kept closed by a support on

which a projection at the front part of the

breech-block then rests. When this sup-

port is removed the breech opens again.

This support is movable round the same
axle to which the trigger is att tched, its

motion being however independent from

that of the trigger. The motion of the

support is effected by an arm which passes

through the trigger-plate, and which ends in

a finger situated within the trigger-guard in

front of the trigger, but bent in an opposite

direction.

The lock consists of the following parts

:

the cock, the main-spring, the trigger with

the sear, and the trigger-spring. The cock
j

moves within a slot in the back part of the

breech-block. The thumb-plate is on the
j

right side of the lock.

When the cock is being made ready for

shooting, an arm connected with it and pro-

vided with a small roller, pushes the breech-

block upwards, thus closing the breech.

All the axles rest on the two parallel

cover-plates of the lock. The whole me-
chanism is contained in a quadrilateral case

screwed on to the barrel. The same screw

which holds the trigger-guard in place, also

serves to fasten the breech-mechanism to the

case.

The whole mechanism, above described,

works in the following manner. When the

rifle is cocked, the breech closes of itself.

When the trigger is pulled, the cock acts

on the striker, and the latter on the priming.

After the discharge of the gun, the breech

is opened by a slight forward movement of

the index of the right hand. By this move-
ment the index leaves the trigger and touch-

es the finger of the arm connected with the

support of the breech-block. The support

is turned off, and the breech-block sinks

down, owing to the action of the double

spring attached to the forked back part of

the block. Thus the breech is opened. At

the same time the extractor is set in motion

by its own spring, and the case of the cart-

ridge is removed. All this is done in one

moment, during the short time when the

shooter takes the rifle down from his cheek.

The new cartridge laid into the concavity

on top of the breech-block then slides into

the barrel. In cocking, the breech closes

again, and the rifle is ready for shooting.

The rifle being in this condition, a pres-

sure applied by mistake on the finger of the

arm connected with the support, would not

be of any consequence, because the support

is then kept in place by a projection of the

cock, provided for the purpose. This ar-

rangement prevents the breech from being

opened prematurely. If required, the lock

can be set at rest. For the use of this rifle

the following manipulations are necessary

:

1. Pulling the trigger.

2. Opening the breech, which is done by
a slight movement of the index.

3. Introducing the cartridge.

4. Cocking.

If it is intended to keep the breech closed

after the discharge of the rifle, the finger

connected with the support of the breech-

block has to be left untouched.

To draw the charge, the cock must be re-

lieved slowly and carefully. After this the

trigger is pulled, the breech opens and the

cartridge is thrown out of the barrel,

through the action of the extractor.

To take the lock apart, the screw of the

trigger-guard is removed, the breech-me-

chanism is lifted out of the case, the left

cover plate is taken away. After this the

lock is free, and the three springs and the

other parts of the lock may then be removed
without the use of any kind of instrument

or tool. The stock of the rifle is one piece

of wood, and has a rectangular i*ecess to re-

ceive the lock. The weight of the whole

rifle is 8-£ Zoll lbs. (1 lb. = -| kilogram). Its

length is 50 inches of Rhenish measure.

The rifle is provided with a sword-bayonet,

and with a stairs-sight. The cartridge is

pressed from copper with a central prime.

It has been designed by Uttendbrffer, at

Nuremberg. 4.3 grams of powder are used

for a shot. The projectile is partly cylin-

drical with two channels ; it is oval in

front and has a cavity behind for expansion.

It weighs 22 grams. The case of the cart-

ridge is conical. A coppered-iron plate of

a somewhat larger diameter than that of the

case, is soldered to it, and serves as a hold

for the extractor. A ring of thick paste.
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board is placed on the bottom of the case,

inside. A small cup of brass containing

the cap, and a small piece of brass is situa-

ted in the middle of this ring. It is to be

seen from this description that this cart-

ridge is a combination of Boxer's priming

arrangement and of the American case-con-

struction.

The Werder rifle, owing to the simplicity

and ingeniousness of its construction, can

be fired in rapid succession. The manipu-
lations necessary for shooting cannot easily

be more simplified and shortened by any
other mechanism imaginable.

Well exercised soldiers have fired 14-15
times per minute, when they had to take

the cartridges from their pouches. First-

class riflemen at Amberg have fired 18 times

in one minute, hitting each time the target,

the latter being 4 ft. wide, 9 ft. high, and
placed at a distance of 200 paces. A con-

siderable advantage of Werder's rifle is the

great facility with which the lock may be

taken apart, a facility which every rifle for

military purposes ought to possess. The
whole construction is perfectly solid and
strong, thus excluding all danger or mishap
from breakages. These and other remark-
able qualities of Werder's rifle and of the

cartridges used with it, as well as the re-

sults of experiments made with both, are

set forth in the military periodical of Ber-

lin, all of which show that this rifle is one

of superior excellence. S.

THE FIELD GUN OF THE FUTURE.
From the " Army and Navy Gazette."

Have we yet got the gun of the future

—

the gun that is to supersede all other weap-
ons of its kind, which all men, be they Seg-
mentites or Shrapnelites, followers of Boxer
or believers in Armstrong, will acknowledge
to be perfection, and join together in prais-

ing ? The experiments in field artillery at

Dartmoor have at length come to an end,

and although the report of the committee is

yet unpublished, not a little information re-

specting the results of the various trials has

found its way in print. That much has been
gained by these many experiments towards
the solution of certain broad questions in

the artillery science, there can hardly be a

doubt, but that the information will, or can,

be so condensed as to point out exactly

what is needed for our field artillery we take

leave to doubt. Even on the question of

field artillery equipment for India it is diffi-

cult to arrive at anything like a definite

conclusion, so many are the conflicting opin-

ions on this head. During the recent expe-
riments at Dartmoor, about 800 rounds were
fired from their muzzle-loading bronze guns
without drawback or accident of any kind
whatever. The opinion of the committee,
however, seems greatly in favor of a bronze
field howitzer, as being a most desirable

piece of ordnance for service. If we mis-
take not, the Indian artillery had formerly
two howitzers in every field battery, and,

although lighter than those now recommend-
ed, they were found to be most useful

throughout all our great Eastern campaigns.
The Russians have lately adopted bronze
guns for their field artillery, and have also

introduced a most formidable field howitzer
of 6-inch caliber. The opinion of many
Indian artillery officers seems to be in favor

of a similar piece of ordnance being adopted
in our own service, the more so as it would
be attended with very little expense, there

being numerous old smooth-bore bronze guns
lying idle at Woolwich, which could very
easily, and at a small cost, be converted
into field howitzers. Whether any special

recommendation on this head will be made
it is impossible to say, but public opinion

—

that is artillery public opinion—goes far to

make us think that for India the future field

artillery will consist of muzzle-loading bronze
12-pounder guns, each battery having at-

tached to it at least two formidable field

howitzers of 6-inch caliber.

The science of field artillery, like that of

every other military arm, is no doubt pro-

gressive, and is now in a state of transition.

When infantry soldiers are armed with ri-

fles that can hit a target the size of a man
seven times out of ten at 1,000 yards, and
when the men who handle those arms are

gradually being trained to shoot with even
greater precision, it is quite evident that

field artillery must improve vastly both in

the distance and exactitude with which it

can do execution ; otherwise every battery

would be simply at the mercy of the first

regiment of infantry that was pleased to

make a target of the artillerymen, their

horses and their guns. The experiments at

Dartmoor have really proved the first preach-

ing, so to speak, of this new artillery doc-

trine. The British public are very proud
of their artillery, and have good reason to

be so. But the said public is very much
given to applaud what is, in these days at

any rate, exactly the opposite of useful iu
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artillerymen as gunners. To see field bat-

teries galloping about, changing their front

and opening fire with the most wonderful

rapidity—limbering and unlimbering their

guns with a quickness and a dash that seems

wonderfully expert to all unmilitary men,
are what the spectators delight in at re

views, and what give special correspondents

occasion to praise greatly that of which they

really know nothing. All this is pretty,

looks well at Wimbledon or Aldershot, but

it is not the real work of artillery. And
this is the Dartmoor experiments, and more
especially the report that will follow these

experiments, must go far to dispel. Artil-

lery ought certainly to be brought quickly

into action, but once in action they ought to

be in no hurry, and should remember that

one round well placed is worth more than a

dozen that have been fired at random. In

a word, to use effectively field artillery the

greatest calmness and precision is requisite.

The first duty of the officer commanding a

battery brought into action, is to ascertain

his exact distance from the enemy. At
Dartmoor many experiments as to the best

means of working out this problem were

made, but without any definite conclusion

being arrived at. Some officers are in favor

of telescopes being attached to the guns,

others against the system ; but there appears

to be but one opinion respecting the neces-

sity of instructing the gunners far more ex-

actly than hitherto in the science—for it is

a science —of judging distances correctly.

—

In a word, the Dartmoor experiments have

proved that our field artillery must be ex-

act, and that less care may be given to en-

sure dash, if more is given to create preci-

sion. They have also shown that we want

a heavier field gun and more field howitzers

than at present. In these days a campaign

is finished in a week, and the times when a

general could afford to halt for two or three

days in order that his siege artillery might

reach him, are gone forever. That, as yet,

we have not the field gun required for ser-

vice in these daj-s of breech-loader rifles is

very certain, and that we cannot afford to

throw away the various guns we have made
during the last ten years, is equally sure.

—

The Dartmoor experiments have at any rate

taught us in what we are chiefly wanting in

field artillery, and to learn this is something.

But they have also shown very plainly that

more deliberation, more experiments, and a

considerable amount of patience are requi-

site before we can congratulate ourselves

upon having found out the gun of the future,

about which, before we begin to make it,

let there, in the name of economy, be no
doubt whatever. We have fallen into not a
few ordnance pitfalls ; let us beware lest we
tumble into any more.

HYDROSTATIC STEERING APPARATUS.
From the « Mechanics' Magazine."

In designing the hydrostatic steering ap-

paratus of H.M.S. Achilles, Admiral Ingle-

field has taken advantage of that great

natural power which every floating vessel

carries with it, viz. : the hydrostatic pressure

of the water which sustains it. He thus has

at his command an agent ready to be brought
into action at a moment's notice. In such
a vessel as H.M.S. Achilles, the pressure

of the external water amounts to a load of

about 8 lbs. per square inch at the level of

the working cylinder, viz. : on the floor of

the screw alley or the tunnel through which
the screw shaft is conducted to the stern of

the vessel. To move such a mass as the

rudder of the Achilles against the resistance

of the water when the vessel is going at 14
knots per hour requires very considerable

power, and the problem to be solved was
how to utilize the constant pressure of 8 lbs.

per square inch, magnifying it so as to ob-

tain sufficient force to overcome the resist-

ance of the rudder. We will describe the

manner in which this is effected by the

Admiral, remarking that similar machinery
may be adapted to any vessel.

A large cylinder, fitted with a piston and
slide valve like that of a steam engine, is

fixed horizontally in the lowest available

part of the vessel. The external water is

admitted to this cylinder through a King-
ston valve guarded by a sluice valve. A
powerful water engine is thus formed, ready
to be set in action as occasion may require.

Special arrangements for working the slide

valve with unfailing certainty have been
applied. A barrel is fixed at each end of

the cylinder, and the piston rod extending

on either side of the piston works in these

barrels, which thus form powerful hydraulic

pumps. These pumps are connected by
pipes with two hydraulic cylinders fixed one

on either side of the tiller on the lower deck.

The rams of these cylinders are connected

together by a crosshead carrying a strong

steel pin entering a block, which slides in a

groove attached to the under side of the til-

ler. Thus the tiller can traverse its full arc
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in either direction, while the rams move
rectilinearly to and fro. The water in its

course from the hydraulic pumps to the til-

ler cylinders passes through a valve box

fitted with a regulating or directing slide.

This slide is worked by a rod extending

upwards to the wheel house on deck, and

passing downwards to wheels on the lower

decks, one of which may be on the screw

alley far below the water line. The wheels

are worked by hand like an ordinary steer-

ing wheel, one man moving them with ease.

When the wheel is in its middle position

the water is cut off from the pumps, but the

two tiller cylinders communicate freely

;

thus the rudder is left free to right itself.

By turning the wheel through one-third of

a revolution either way, the water pressure

is turned on to one or other of the tiller

cylinders, and the rudder is put hard over

to port or starboard as may be required.

When the wheel is turned only half its

stroke in either direction, the water is

locked in the tiller cylinders, and thus the

rudder is held fast in the position to which

it had been brought.

It will thus be seen that one man at either

of the steering wheels does what it requires

generally twenty-five men to do at the ordi-

nary steering wheel. By means of the slid-

ing block, acted on by a hand screw on the

tiller, the hydraulic apparatus can be dis-

connected in less than a minute, and the

tiller can thus be left free to be worked in

the ordinary way ; but this is not necessary,

for by putting the directing slide in its mid-

dle position the tiller is left quite free, and

can be worked by the ordinary steering

wheels and tackle, which need never be dis-

connected. Thus the hydraulic steering

gear may either act independently, or it

may be employed as a force auxiliary to the

men without in any way interfering with the

normal condition of the steering apparatus.

It may be readily understood from the con-

struction that the working power acts only

when it is wanted. When the rudder has

to be moved, the hydrostatic cylinder or

water engine acts. When the rudder is fixed

in any position the water engine ceases to

move, but remains ready to start into action

the moment it is required with its full force.

Our readers will now understand the gene-

ral construction of the apparatus which has

been found so successful in H.M.S. Achilles.

We need scarcely say that there were nu-

merous details of construction which re-

quired great consideration in applying it.

The whole apparatus, however, is extremely
simple, easy of application, and not liable

to derangement from accident or wear. We
understand that it is cheaper than any other

mechanical steering apparatus yet tried.

The power which it utilizes costs nothing,
and is always ready to hand for use. These
points, taken in conjunction with its success

in the Achilles, should be the means of

opening the eyes of the Admiralty authori-

ties to its value.

D
urometer.—An instrument for deter-

mining the hardness of metals has been
invented by a French engineer. It consists

of a drill, turned by a machine of a certain

and uniform strength. The instrument in-

dicates the number of revolutions made by
the drill. From this, compared with the

length of the bore-hole produced, the hard-

ness of the metal is estimated. It is said

that most rails are tested in France by this

instrument.

—

Steierm. Industrie u. Handels-

blatt.

The "Stonewall" Disaster. — The
question arises, what is the use of legisla-

tion, or of government, as far as the safety of

passengers is concerned, when naked candles

are allowed among bales of hay, when a ves-

sel provided with the legally required pumps
can incontinently burn up, when the boats

and life-preservers certified to be sufficient

and in order, do not save the passengers

from drowning, and when the destruction is

as complete as if there had been no life

saving appliances at all 1

It seems simply criminal on the part of

those who have the power, to allow boat

after boat, and their thousands of passengers

to be destroyed by fire or collision, when the

whole boiler power of the vessels could, if

the proper pumps, injectors, or other means

of application existed, drown any possible

fire or neutralize any possible leak.

WORKING RESULTS OBTAINED AT THE
NEUBERG BESSEMER STEEL WORKS.

BY G. KAZETL.

[As the Bessemer Steel Works at Neuberg,

in Styria, are known as one of the best and

most carefully managed establishments of

this kind, we communicate in the following

the working results obtained at these works

in the years 1866 to 1869, as published in

Oestr.-Zeitschrift, by Gr. Kazetl, special man-

ager of the Neuberg Bessemer Department.]
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I. Materials Used.

Pig-iron.
Steel
scrap.

FUEL. LINING
MATERIALS.

FOR HEATING CON-
VERTERS AND LADLES.

FOR HEATING BOILERS.
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.SP
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Cinders
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reverberato-

ry

furnaces.

o
o

s

o
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m

Cwt. (Austr.) Eass.* Cwt. Cords. Cwt. Cwt.

1866. I..

II
18,719 00

18,097 40

25,843 70

25,251 60

32,136 90

31,413 10

31,575 60

....

15 45
345 35

3,083
2,550
3,796
3,170
4,170
3,350
2,672

1,892
3,014
3,169
3,636
3,204
2,520
2,715

4

52

134

1,041
1,128
1,271
1,057
1,360
395

1,283
1,179
1,826
1,535
1,869
1,709
1,909

343
316
453
402
503
430
473

382
81

1867. I..

II

14?
117

1868. I.. 1^
II..

1869. I..

1,079
668

7,780
14,189

2,353
2,396

199
169

*1 Fass= 7.78 cubic feet. All the measures and weights are Austrian.

II. Products-
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3
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PRODUCT. AVERAGE PERCENTAGES.

YEAR AND
HALF YEAR.

Ingots.
Scrap from
pouring.

Scrap dis-

ch'ged from
vessel.

Ingots.

Scrap

from

pouring.

©
60
t~ •

a *-•

° m© m
,2 ©
•a >

*<S
*• 2
o.tS
EC

Cwt. o

1866. I 322
285
385
362
507
499
495

15,378 35

15,311 90

21,847 25

21,599 90

27,866 35

27,330 45
27,635 50

392 11

331 55

352 15

315 15

324 60

305 25
161 05

369 40

213 25
494 75
586 75

465 40

221 65
174 45

82.15
84.60
84.53
85-53
86.71
86.96
86.57

2.09
1.83
1.36
1.24
1.-01

.97

.50

1.97
1.20
1.91

2.32
1.44
.70

.54

13.79
II 12.37

12.20

II 10.91
10.84

II 11.37
12.39

III. Materials Used on 100 lbs. of Ingots.

FUEL.

YEAR AND
HALF YEAR.

FOR HEATING CONVERT-
ERS AND LADLES.

Soft
charcoal.

Cubic ft.

Coke. Coal

Pounds.

FOR BOILERS.

Wood.

Massive
cub. ft.

Small
coal.

Lignite. Cinders.

Pounds.

LINING
MATERIALS.

Pounds.

1866. I

II
1867. I

II
1868. I

II
1869. I

1.5 12.3
1.3 19.6
1.3 14.5
1.1 16.8
1.1 11.5
.9 9.2

.75 9.8

.02

.20

.48

4.8
5.3
4.2
3.5
3.5
1.0 3.9

2.4
.28.4
51.3

8-6

8.3 2.2
7.7 2.0
8.3 2.0
7.1 1.9
6.7 1.8
6.2 1.5
6.9 1.7

2.4
.5

.6

.5

.5

.7
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The manufacture of Bessemer steel was
started at Neuberg in February, 1865, with

one immovable Swedish converter and one

revolving English converter of about 60 cwt.

capacity each. It was intended from the

start to use exclusively Neuberg pig-iron,

and to run it from the blast-furnace into the

converter without remelting.

The results obtained in the year 1865,

have partly been published before this. The
above tables contain the working results,

beginning from 1866, since when the manu-
facture may be considered as being carried

out regularly and steadily.

The Swedish converter was removed in

the middle of the year 1866, and replaced

by a second English or revolving converter

of 80 cwt.' capacity. The results obtained

in this Swedish converter were quite or near

as satisfactory as those obtained in the Eng-
lish vessel as regards the quantity and
quality of the products and the consumption

of fuel. But the amount and cost of tuyeres,

bricks, and other lining materials required

for the Swedish converter, were very high.

Table III, shows a very great consump-
tion of cokes for heating the converters in

the second half of the year 1866. The
reason is that about this time the opinion pre-

vailed that the heating of the converter to a

high temperature, before the beginning of

the charge, might be of great importance,

and the experiment was made to see the

effect. [It may, indeed, be seen from Table

II, that during the same time the scrap pro-

duced by discharges from the vessel was
considerably diminished.] In the beginning

of the year 1868, the production had to be

increased, and as the blast furnace was not

able to furnish the required quantity of pig-

iron, an additional number of charges were
made with pig-iron remelted in a cupola

furnace. Thus several charges could be

blown in immediate succession, which cir-

cumstance lessened the consumption of heat-

ing fuel to a great extent. [The production

of scrap was diminished at the same time.]

From 1866 to 1868, the steam for the

Bessemer blast-engine was taken from the

same boilers which furnished the steam
to the blast-engines of the blast-furnaces.

—

These boilers being heated by the waste

gases from the blast-furnaces, it was only

necessary to burn some wood, in addition to

the gases, to fully produce the quantity of

steam required for the Bessemer engine.

—

Towards the end of 1868 separate boilers

were put up, and were heated with bad and

cheap fuel as lignite, cinders and small

coal.

The increase in the consumption of lining

materials, in 1869, is due to the use of a less

good, but cheaper quartz. More fire-bricks

were used in the last twelve months, because

the cast-iron bottom plates below the moulds
were replaced by frames lined with fire-

brick. S.

GOVERNMENT AID TO SCIENCE.

From "The Engineer."

Two or three years ago several thousands
of pounds per annum were placed by the late

Government at the disposal of the Royal
Society, to be expended in the establishment

of meteorological observatories in different

parts of the United Kingdom, in order to

supply accurate daily weather reports to the

Board of Trade. This step was not with-

out its moral influence upon the scientific

world, for at the British Association at Nor-
wich last year, it was suddenly discovered

that the scientific world generally was very
badly off, and most decidedly in want of

money aid from the Government. Lieu-

tenant-Colonel Strange read a paper at Nor-
wich on the subject. He acknowledged that

Government aid would be certain to give

rise to "jobbing " and jealousies, but urged
that the good done would outweigh the evil.

The opposite side of the question was then

taken up by Professor Huxley, who said,

with much reason, that the present free and
easy way of pushing on scientific research

was the best for the nation and best for phi-

losophers. Nothing would so chill and
deaden the energies of the scientific world

as the transformation of any large portion of

it into a Government department. The re-

sult of the conference at Norwich was the

appointment of a committee of eminent phi-

losophers to inquire whether adequate means
exist for the vigorous prosecution of scienti-

fic research ; and if not, what remedy should

be provided.

So far everything* went on swimmingly,

but then a frost, a chilling frost, blighted

the bright dreams of the philosophers. A
new Chancellor of the Exchequer came into

power, who has said "No!" many times

and oft, to demands made by individuals and
corporations for aid from the national cof-

fers. He not only refused a modest demand
for cash made by a Scotch scientific society,

but expressed doubts whether the grant made
for meteorological observations under the
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Board of Trade ought to have been made.

—

The Government, he stated, ought to do no-

thing which the people are likely to do for

themselves if left free to act. With the

prospect looming in the future of facing a

gentleman of this description, the Britith

Association Committee, of course, could not

very well come to the conclusion that appli-

cation should be made for a Government
grant, which every body a year ago thought

would be the result of their deliberations.

—

But they have unanimously decided that

scientific bodies want more funds ; and what

corporation of human beings does not? A
direct onslaught on the nationl resources a

being manifestly injudicious, they then re-

commended that application should be made
for the appointment of a royal commission

to inquire into the subject. Lieutenant-

Colonel Strange read this report of the com-
mittee a few days ago at the Exeter meet-

ing of the British Association, and he pre-

faced it with a doleful introduction of his

own, read with the countenance of a mute
at a funeral. I

Many will doubtless think that a scientific

journal is bound to support scientific men in

all and every rush at the public purse.

—

Apart from the selfishness of such a line of

action, and its neglect of the general inter-

ests of the nation, in this case it is no use

doing so. Very recently an application of

a very influential character was made to the

Chancellor of the Exchequer to appoint a

royal commission to inquire into the work-

ing of the Bank Charter act of 1844. This

act is believed by the political economists to

be the source of many commercial panics

and of a vast amount of pauperism, while

any banker can bear witness that it has in-

directly been cause of the ruin and bank-

ruptcy of many honestly managed banks.

—

Yet this application, of more importance

than the one proposed to be made by the

British Association, was refused on the

ground of the expense of the commission,

and because the action of the law upon the

public is perfectly understood already by
those educated in the science of political

economy. Of course, once let the proposed

commission on scientific needs be appointed,

the result of the large amount of talk which

would follow would not certainly be a re-

commendation of increased national expen-

diture. Instead of trying to obtain a few
thousands of pounds annually in this way,

with the certainty of failure, why do not the

committee take steps to get a few tens of

thousands of pounds annually from a more
legitimate source ? The subject of national

education must soon come to the surface,

and if the British Association then urged
the necessity for general teaching of elemen-

tary science in schools, and the desirability

of making grants to encourage this branch
of education, all the members of the British

Association would support the movement.

—

At present there is a division in the camp,
and very many hold the views of Professor

Huxley. If science were generally taught

in schools we should soon have a population

willing to subscribe largely to push on sci-

entific research without aid from the Gov-
ernment. The Wesleyans have shown what
enormous sums can be raised annually by
private subscriptions, where large numbers
of people join together in favor of any par-

ticular line of action. Those numbers may
or may not be one in twenty of the total

population, but is it hopeless to attempt to

train up a similarly large number of people

to have an interest in science ? If the Bri-

tish Association and its president of next

year were to make a dead set at the Govern-

ment, insisting that the teaching of science

in schools shall be a marked feature in all

future. educational legislation, they wiil suc-

ceed to a large extent, for they would carry

national opinion with them. The present

plan will fail, and even the intention men-
tioned by the President of section A, of get-

ting up a discussion upon it before the set-

tings of the British Association came to a

close at Exeter, was abandoned.

THE SEWAGE OF TOWNS.
Abstractof a paper by Dr. Benjamin H. Paul, read

before the British Association.

This paper was the voluminous and valu-

able report of a committee on the Treatment
and Utilization of Sewage. The report

traced the history of sewage in England
from the most primitive appliances, to the

use of cess-pits, and lastly, of the present

water carriage system. At the outset of

the adoption of this system, it was contem-

plated to utilize it as manure, but was not

enforced, and was now generally carried into

the rivers and the sea so long as it did not

create a great nuisance. The system now
greatly polluted the rivers, and had become
an evil of national importance. During the

last thirteen years the subject had engaged

the attention of three Boyal Commissions,

with a view to finding remedial measures,
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The object of this committee was to supple-

ment the efforts of the last sanitary com-
mission, by obtaining special information of

local influences of the experience of various

towns. Town sewage, as now known, was
a source of nuisances and inconvenience,

and was undoubtedly injurious to health,

and it became a very serious matter to de-

termine what to do with it. The committee
had obtained information of the sewage on

the Continent and Austria. From this they
gathered that both in large towns and coun-
try places there the old system of cess-pits

was still in use, and water closets were rare

even in large towns. In Berlin, with its

population of more than 600,000 the still

more primitive and objectionable night-stools

were employed, 50,000 being in use every
day. This was remarkable in a country so

advanced in other respects as Prussia is.

Hamburg was the only continental town in

which water carriage system was carried out.

In other places large portable reservoirs

were used, and were periodically removed
outside and there emptied. In some cases

the householders pay for the removal, in

others it is sold to cover the cost. In Ant-
werp the profits of the sale is two or three

thousand pounds, and in Strasbourg the sale

just covers the cost. The result of this for-

eign information was to show that the remo-
val of sewage so as to prevent evil conse-

quences, was at least as much an open ques-

tion as in this country, and that there was
an opinion that the collection of refuse ma-
terials was injurious to health, by exhala-

tions, and by polluting rivers and wells, and
that a remedy is required. The great ques-

tion was to decide as to the best mode of

dealing with the town refuse so that it might
be satisfactory to health and would realize

its greatest agricultural value as manure
without its concurrent advantages. A series

of questions had been sent to 388 towns in

England, and answers had been received

from 107 towns, of which 11 had no sewage
at all, and in others the systems adopted
were very defective; 48 towns had a com-
plete water carriage system, and 15 applied

the sewage to land, previously subjecting

it to treatment. The results, varied con-

siderably, the local influences at work being
very different. From some towns it was
said that all obnoxious matters were removed
from the sewage, and that it flowed off clear

as water. It was questioned, however, by
chemists, whether all deleterious matters
were destroyed, and whether the clarification

Vol. L—No. 12.— 71.

as seen by the eye was not all the advantage
gained. This sewage manure was sold from
6d. to 2s. 6d. a ton, and one town mixing it

with other substances, made a manure sold

for 7s,. 6d. a ton. Leicester sold 5,000 tons

a year. The result of this utilization of

sewage had been seen in the improved con-

dition of the streams of rivers. Little ob-

jection had been urged against the use of

sewage for irrigation of land, and where ob-

jections were made they were not supported

by medical authorities. The cost of these

various systems, and their influences on the

sanitary state of the towns, were subjects

for further inquiry. The ventilation of sew-

ers was also an important question, for in

them gases were given off and found to es-

cape through the drains of the streets and
of the houses. Such questions as the value

of the sewage for agricultural purposes, and
the best means of collecting and preparing

the manure, required further consideration,

and for this purpose it was suggested that

the committee should be continued.

Caissons.—At Rochester, England, a

bridge across the Medway was com-
menced in 1850. The piers were made of

cast-iron caissons, 7 ft. in diameter, and
driven a depth of 44 ft. into the bed of the

river, through gravel, sand, rocks, and the

debris of an old timber bridge, built, proba-

bly, by the Romans. At first the exhaus-

tive process was used, but was soon found to

be insufficient, and the atmospheric pressure

process was tried. The caissons were then

driven in an unexpectedly short space of time,

and at one-third the estimated cost, through

the obstacles above mentioned, and that to

the great surprise of all engineers. How-
ever this was not the first experiment of the

kind ; it had been successfully applied sev-

eral years previously in France, in sinking

iron caissons through quicksands, in order

to reach a coal mine at a depth of 82 ft.

beneath the surface, the workmen having

been exposed to a pressure of three atmos-

pheres.

In several other works the vacuum pro-

cess was first tried, but soon abandoned as

insufficient. They were as follows : In the

year 1851, the engineer of the Rochester

bridge, W. Corbitt, built the piers of the

Peterboro' bridge with cast-iron caissons 6

ft. square, placed in contact and afterwards

filled with masonry. In the year 1853,

Major Crwynne and L. Fleming built_the
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foundations of a bridge across the Pedee,
North Carolina, with columns 6 ft. in dia-

meter, driven a distance of 25 ft. through
sand. Afterwards, they constructed the

Santee bridge. In the year 1859, General
Smith built the Savannah bridge. In 1860,

the Third avenue bridge across the Harlem
river was commenced. Brunei built a pier

at Saltash with a caisson 37 ft. in diameter,

sunk to a depth of 98 ft. below the water
;

it had the size and shape of the foundation

of the entire pier, and was afterwards filled

with masonry. All this was accomplished

by means of atmospheric compression, and
this system has, since the year 1850, met with
more favor the better it has become known,
until now it has become almost the universal

method employed where currents are rapid

and the river bed treacherous. The Ameri-
can experience is this, to wit : That in the

Southern rivers, where cypress logs and
other large objects are encountered, their

removal by the exhaust system is utterly

impossible, but, on the contrary, compara-
tively easy by means of the compressed air

process which, therefore, is now exclusively

used. Also, the most eminent engineers in

England agree as to the utter insufficiency

of the exhaust and the advantage of the

plenum process. We will only mention
Corbitt, Hawkshaw, Simpson, Brunei, He-
mans, Brunlees, Page, Fox, Rawinson, Bre-

reton, Fitzgibbon, Brassy, besides many
continental engineers.

A caisson in which the air is driven down
by means of pressure, notwithstanding it is

worked on the principle of the diving-bell,

is very distinct from it ; because a diving-

bell is a mere tool suspended from a vessel

or from the shore, and used to lay founda-

tions, etc., while the caisson forms a part of

the foundation itself. The diving-bell is

hoisted out, and when at the bottom is in-

accessible, while in case of the caisson there

is an uninterrupted communication with the

outside. Our Harlem bridge contains also

that improvement, which the builder, Wm.
McAlpine, has termed "expansion of the

base." The supporting power of the col-

umn is thereby greatly increased at a tri-

fling cost. We will not confine ourselves to

a description and illustration of English and

Danish engineering works, overlooking the

merits of our American engineers, whose
achievements are equal in merit to those

abroad. It is, however, unfortunate that

they are too busy to give attention to de-

scriptions for the benefit of the public. We

will, in a following number, give a descrip-

tion of the process carried out in the con-
struction of the Third avenue bridge. It
is a very fine specimen of hydraulic engi-

neering, though we cannot deny that it has
two grave defects. It cost too much money,
and was too long a time under way. In jus-

tice to the engineer we must, however, say
that these were the faults of the political

gentlemen then to be found over the way,
in the City Hall, who had charge of the
disbursement of the money required for its

construction.— Engineering and Mining
Journal.

PENETRATING INCLINED ARMOR.
From a paper read before the British Association by
Joseph Whitwohth, Esq., " On the Penetration
of Armor Plate.-* with long shells of large capacity,
fired obliquely."

At the meeting of the British Association

at Norwich, last year, I contributed a paper
to this section on " The Proper Form of

Projectiles for Penetrating through Water."
This paper was illustrated by diagrams
showing the effect produced on an iron plate

immersed in a tank of water, by projectiles

with flat, hemispherical and pointed heads.

Copies of those diagrams are now before

you. In that paper I claimed for the flat-

pointed form of projectile, made of any
metal, three points of superiority over the

spiral-pointed projectiles adopted in the

service : (1) its power of penetrating armor
plates, even when striking at extreme an-

gles; (2) its large internal capacity for

bursting charges when constructed as a

shell
; (3) its capability of passing unde-

flected through water, and of penetrating

iron armor below the water-line. This lat-

ter feature was, I think, satisfactory proved

by the experiments described last year, and
I desire to draw the attention of the section

to the experiments I have made for illustra-

ting the penetrative power of long projec-

tiles with the flat front, fired at extreme

angles against iron plates.

These experiments are illustrated by the

projectiles actually fired, and the plates they

penetrate, which are laid on the table, and
also by the diagrams before you.

The gun from which the projectiles were
fired is called a 3-pounder, though capable

of firing much heavier projectiles. It

weighs 315 lbs., and the maximum diameter

of its bore is 1.85 in.

The charge of powder used, in all cases,
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No. 1.

Flat-headed shell, 6 dia-

meters long.

No. 4.

Flat-headed short

shell.

Pointed solid shot.

No. 6.

Pointed solid

shot.
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was 10 oz., and the weight of the 6-diame-

ter projectiles is 6 lbs.

No. 1 is a portion of a plate 2 in. thick,

penetrated by the 6-diameter flat-fronted

projectile also ; No. 1 at an angle of 35

deg. No. 2 is a similar piece of plate, 1.7

in. thick, completely traversed at an angle

of 45 deg. by the flat-fronted projectile No.

2, which buried itself to a depth of 30 in.

in a backing of iron borings. No. 3 is a

piece of plate 1.75 in. thick, penetrated at

an angle of 65 deg. by the flat-fronted pro-

jectile No. 3. No. 4 is a plate 1.7 in. thick,

nearly penetrated, at an angle of 45 deg.,

by the S^-diameter flat-fronted projectile

No. 4. No. 5 is a plate 1^ in. thick, against

which the ogival-pointed projectile No. 5

"was fired at an angle of 45 deg. ; the pro-

jectile failed to penetrate the plate, being

defected in consequence of the pointed form
of the head. The distortion of its shape

shows the force with which it struck the

plate, and proves the good quality of the

material which could resist such a test.

No. 6 is a plate also 1^ in. thick, against

which an ogival-pointed projectile, of the

service proportions, viz : 2% diameters long,

made of Pontypool white iron, has been

fired ; the projectile has scooped out a fur-

row 4 in. long and r
7
<y in. deep; it broke up

into fragments, of which 48 were recovered.

The plates Nos. 1 and 3 were purposely

thicker than the projectile could quite pass

through, in order that the "work" of the

projectiles might be as severe as possible

;

an examination of the projectiles themselves

will show how well they have stood the se-

vere strain to which they have been sub-

jected. The data thus obtained fully estab-

lish, I think, the superiority I claimed for

the flat-fronted projectiles made of my metal,

and satisfactorily prove—(1) that the flat-

fronted form is capable of piercing armor-

plates at extreme angles; (2) that the qual-

ity of the material of the shells enables

their length to be increased without any
risk of their breaking up on impact, and
materially augments their bursting charge

as shells
; (3) that this increase in length,

while adding to the efficiency of the pro-

jectile as a shell, in no way diminishes, but,

on the contrary, proportionally improves its

penetrative power
; (4) that the amount of

rotation I have adopted in my system of

rifling is sufficient to insure the long pro-

jectiles striking " end on," and, consequent-

ly, to accumulate the whole effect of the

mass on the reduced area of the flat-front.

These experiments show, further, that

the ogival-pointed projectile has but small
power of penetration when striking at an
angle, solely on account of the form of the

head ; a projectile of Whitworth's metal,

with the like ogival-pointed head, as a ser-

vice projectile, having resisted the shock of

impact without breaking up, but being de-

flected in precisely the same manner as the

pointed service projectile, which was shiver-

ed into fragments. The objections I made
in my paper last year to the ogival-pointed

projectile—(1) that its form of head causes

it to glance off from plane or convex sur-

faces when hitting diagonally ; and (2) that

the brittleness of its material renders it

liable to break up on impact—I have now
proved to the section. The facts illustrated

by these experiments are not of recent dis-

covery. Ever since 1858 I have constantly

been advocating the flat front. I have on
the table a small plate \ in. thick, experi-

mented upon, in 1862, with hardened steel

bullets fired from my small bore rifle. No.
39 is the hole made by a flat-fronted bullet,

which has penetrated the plate at an angle

of 45 deg. ; No. 40 is the indent of hemis-

pherical-headed ; and No. 41 of an ordinary

round-nosed bullet, both fired at the same
angle of 45 deg. These three rounds were
fired in 1862.

Within the last few days I have had an
ogival-pointed shaped bullet fired at the

same plate at the same angle, in order to

confirm the effect with that produced, on a

larger scale, on the plate No. 6. It is in-

teresting to observe how closely the results

obtained with the small caliber of my rifle

agree with those of the 3-pounder gun which
form the subject of this paper. Those ex-

periments recorded in the paper were made
with a gun of small caliber, from considera-

tions of economy and convenience ; but I

have always found that what I could do with

the smaller calibers of my system, could be

reproduced in the larger sizes; and from my
past experience I feel warranted in asserting

that tfie effect of penetration now exhibited

could be repeated, on a proportionate scale,

with my 9 in. guns at Shoeburyness, or with

the 11 in. guns my firm are now engaged in

constructing.

A glance at the formidable nature of the

projectiles thrown by these guns, and a con-

sideration of the effects they may be ex-

pected to produce, will show the importance

attaching to the question of penetration of

plates by long projectiles. The 9 in. guns
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to which I have referred weigh fifteen tons

each, and are capable of firing powder
charges of 50 lbs. A 9 in. armor shell, 5

diameters long, weighs 535 lbs., and will

contain a bursting charge of 25 lbs.

I have no hesitation in saying that these

projectiles would pierce the side of a ship,

plated with heavy armor, at a distance of

2,000 yards, and at some depth below the

water-line. The 11 in. guns will weigh 27
tons, and will be capable of firing 90 lbs.

powder charges. The 11 in. shells, 5 dial

meters long, will weigh 965 lbs. and wil-

contain bursting charges of 45 lbs., and
would pierce the side of the ship Hercules,

plated with 9 in. armor, at a distance of

2,000 yards.

Were it not that the increased destruc-

tiveness of war must tend to shorten its

duration, and diminish its frequency—thus

saving human life—the invention of such

projectiles could hardly be justified ; but

believing in the really pacific influences of

the most powerful means of defense, these

long projectiles I call the " anti-war " shell.

The principle I have always insisted upon,

and laid down for my own guidance in artil-

lery experiments—when either a low trajec-

tory or penetration is required—is, "that

every gun should be in strength capable of

withstanding the largest charge of powder
that can be profitably consumed in its bore."

I have drawn up the accompanying table of

the sizes of the bores of my guns, with their

proportionate powder charges, and the guns
will all be fully equal to this duty, and I

believe the greatest possible effect from the

consumption of a given quantity of powder
will be obtained. But the guns adopted in

our naval service are not equal to such a

test ; nor, as I believe, are they so propor-

tioned as to realize the best effect from the

quantity of powder they consume.
Four guns of 12 in. bore have lately been

put on board the Monarch. They weigh
-25 tons each, and charges of 50 lbs. and 67

lbs. have been fired from them with projec-

tiles of 600 lbs. weight. I have no doubt
that these guns have been made with all

possible care, and are as strong as their ma-
terial and construction admits ; but if the

weight of these guns was in proportion to

the capacity of their bore, and if the mate-

rial were the best that our metallurgical

skill could supply for such a purpose, they

ought to fire 117 lbs. of powder, and pro-

jectiles of 1,250 lbs. weight. They would
then be efficient, weapons ; but at present

they are more formidable in name than in

reality.

We are often flattered by being told that

we have the best guns in the world. That
may, or may not be the case. But I think

that we should not rest coutented while we
are still so far from having attained as much
as our present advancement in mechanical
and metallurgical science has rendered pos-

sible for us.

Particulars of Ammunition for Whitwortk Guns
from 5.5 in. to 13 in. bore.

Common shells, cast Armor shells,

iron, 3.5 diameters Whitworth metal,
long. 5 diameters long.

Caliber Powder
of bore. charge.

Bursting Weight Bursting Weight
charge. of shell. charge. of shell.

"" in. lbs. lbs. lbs. lbs. lbs.

5.5 11.0 4.0 70 6.0 120
7.0 23.0 8.5 150 12.0 255
S.O 34.0 13.0 220 18.0 375
9.0 50.0 18.0 320 25.0 535
10.0 70.0 24.0 440 35.0 740
11 90.0 32.0 580 45.0 965
12.0 117.0 40.0 750 53.0 1,250
13.0 150.0 51.0 960 75.0 1,615

Mr. W hitworth's patent car ridge increases the range from.

15 to 20 ier cent. Joseph Whitworth &. Co.
Mancl ester, 1869

Gas from Sewage—A vague report of

some experiments which have been made
in India, and which, it is said, have resulted

in the production of gas of high illuminating

power from sewage, has set numbers of peo-

ple speculating on the possibility of lighting

London from the same source. If this

could be accomplished no modern applica-

tion of science could equal it in importance.

It would at once remove a nuisance and

convert an enormous waste into profit, and

besides that would, in London alone, save

the consumption of something like 1,000,-

000 tons of coal a year. While we are yet

in ignorance of the mode of operating which

has resulted in the success reported, we can

only, with the knowledge we possess, specu-

late on what may be accomplished by differ-

ent methods of treatment. Sewage in Lon-

don, now well drained and well supplied

with water, means animal excretia and

household refuse largely diluted with water.

What sewage means in India we do not

know, but, according to Sir John Thwaites,

it is solid excretia. Now, the only conceiva-

ble mode of obtaining gas from such a ma-

terial as solid excrement, is by distilling it

in a retort just in the same way as we do

coal ; and, as we know the chemical conipo?
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sition of the excrement, it is not difficult to

guess what the result of the distillation

would be. It would, in fact, be a disgust-

ingly offensive mixture, consisting probably

of marsh gas, carbonic oxide, carbonic acid,

ammonia, and some other nitrogenized va-

pors, which would give to the whole an odor

to which the smell of burnt feathers would
be a perfume. No doubt most of what
might be considered impurities in this mix-
ture could be removed, and the two combus-
tibles, marsh gas and carbonic oxide, left

alone. But in this case the bulk of the

gas would probably be reduced by at least

one-half; and the remaining half would
have no value for illuminating purposes,

while it would be highly poisonous. We
may say, however, that although we think

it highly improbable that any olefiant gas

or light-giving vapor would be produced in

the process, it is quite possible that some
might be present if any kind of fat were
found with the excretia.

So far with the treatment of the solid

matters. We may consider now how gas

may be obtained from sewage diluted with

a small quantity of water. Placed in close

vessels and allowed to ferment, the result

would be the slow production of large quan-

tities of marsh gas, carbonic acid, ammonia,
and a few other gases; but, again, the gas

would give no light when burnt. If lime

were added to the slush, marsh gas would
be obtained more rapidly, and in larger

quantities, and no carbonic acid would be

mixed with it. If we take sewage such as

we have in London, and allow it to ferment,

we again procure marsh gas ; but neither in

this case nor with the slush do we procure

gas possessing any illuminating power. We
are quite willing to confess our ignorance of

any feasible means of obtaining gas from

sewage but those we have mentioned above.

We shall probably be laughed at by those

no better informed than ourselves. Mean-
while, we shall wait for an exact account of

the experiments made in India, in the ex-

pectation of learning that something more
than sewage has been employed. In dis-

missing the matter until we get the informa-

tion, it may be worth while to notice what
changes the manufacture of gas from sewage
in London would necessitate. In the first

case we put the use of solid excretia ; it

would involve the entire discontinuance of

our present system of house drainage,

and a return to cesspools, or some equiva-

lent for them. If concentrated sewage be

used, it means a double system of drainage

for every house and the whole metropolis.

Lastly, if ordinary sewage be used, it has

been calculated, from the results of Dr.
Letheby, who analyzed the gases produced
in the fermentation, that to procure the gas

required for one day and night in winter it

would be necessary to store, in close vessels,

twelve hundred millions of gallons, or more
than a fortnight's sewage, which is nearly

double the quantity that all the reservoirs of

all the London water companies put together

would contain.

Some other considerations present them-
selves, which we may dismiss very briefly.

In the fermentation of sewage there is no
doubt that various morbid poisons are deve-

loped. The poison of fever is generally be-

lieved to be derived from this very source,

and, according to some, cholera is spread by
the same means. A leak in a gas-pipe

might, therefore, involve worse consequences

to a household than result from un trapped
trains. But on this matter it is needless to

speculate. We say again we wait for infor-

mation.

—

Mechanics' Magazine.

SURVEYING INSTRUMENTS.
By E. Sherman Gould, C. E.

NO. I.—THE SIXTY-SIX FEET CHAIN.

The ordinary chain used in surveying is

very susceptible of, and very much exposed

to, both extension and contraction.

1st. It expands and contracts by heat and
cold. Its expansion between the freezing

and boiling points is the y^o^th part of its

length, or nearly T
8
o-th of an inch. This

source of error is of course neglected in

ordinary operations.

2d. It stretches very much by being

tightly drawn when in use, and is shortened

by the links becoming bent. This must be
guarded against by frequent comparisons

with an accurate standard.

If the ground to be chained were perfect-

ly level and smooth, a very high degree of

accuracy could be obtained even with the

ordinary chain. But in practice it is never
so. The ground is always more or less

rough and undulating, and these obstruc-

tions and deviations take up a portion of the

chain, and make the measurements too long.

The skill in chaining consists in knowing at

a glance the amount of allowance to be
made from the nature of the ground chained.

I should recommend in all cases that the

most experienced hand should go ahead.
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This is contrary to rule, but I am convinced

that it secures the best chaining. The fol-

lower has only to hold firm to the pin, and
keep the leader in line, while the latter

must estimate the amount of chain taken up
by obstacles, etc., and make the necessary

allowance.

On sloping ground (which should always

be chained down kill, even if it is necessary

to ehain the slope backwards) the chain

must still be held horizontal. In order to

do this, it is necessary, sometimes, to chain

in short lengths. The late Prof. Gillespie,

in his admirable treatise on surveying, gives

the following excellent method of handling

the chain in such cases, in the following words:

"To measure down a steep hill, stretch the

whole chain in line. Hold the upper end
fast on the ground. Raise up the 20 or 30
link mark, so that that portion of the chain

is level. Drop a plumb line or pin. Then
let the follower come forward and hold clown

that link on this spot, and the leader hold

up another short portion as before." In
this way the liability to error in adding up
the short measurements is avoided.

When the whole chain is held up off the

ground, the catenary curve that it forms

will reduce the length at least an inch, if a

good stretching pull be not exercised.

Under the guidance of an experienced

leader, the measurement of 30 or 40 chains,

if repeated, should not show a variation of

more than a link, if the grouvid be at all

favorable. This degree of accuracy should

be insisted upon in important work. Greater
accuracy cannot be obtained by the ordinary

process.

NO. II.—THE COMPASS.

This instrument was formerly used for

even the largest and most important surveys,

but is now falling into almost entire disuse,

except as in the form of a pocket instru-

ment, and for some purposes which will

shortly be mentioned. With it accuracy is

unattainable, except through accident. The
only reason why its imperfections are not

more apparent is, that as the observations,

unlike those taken by the transit, are inde-

pendent of each other, their errors, by the

doctrine of chances, are apt to neutralize

each other to a certain extent. Were it

otherwise, the results would be too grossly

inaccurate to permit of the use of this in-

strument in any case.

The great vices of the compass as an in*

strument of precision are,

1st. Its susceptibility to local attraction.

2d. The diurnal variation of the mag-
netic meridian, which amounts sometimes to

as much as a quarter degree between the

morning and the afternoon of the same day.

3d. The impossibility of reading the in-

strument with exactness, owing («) to the

bluntness of the indicator, or needle
;

(b) to

the fact that this indicator does not come in

actual contact with the graduated limb
;

(c)

to its unsteadiness
; (d) to the insufficient

minuteness of the graduation of the limb, it

being necessary to estimate the number of

minutes, less than 30, cut by the needle.

4th. The imperfect manner in which the

instrument is usually adjusted, it being very
rare that two compasses will agree in the

bearing of the same line.

It must be borne in mind that I am now
speaking of this instrument in reference to

the higher operations of surveying, where a

considerable degree of accuracy is required.

For ordinary purposes, such as " running
around " a small farm, particularly with a

view to ascertain its acreage, the compass is

undoubtedly the handiest instrument that

can be employed in point of rapidity in the

field, and the convenient shape in which the

notes are taken for office computation. For
all kinds of rough and preliminary work,

too, where it is desired to obtain, with but
little outlay of time, an approximate esti-

mate of the " lay " and extent of a tract of

land, and for reconnoitering, it stands with-

out a rival, for by its aid a line can be run

through the woods without felling any of

the trees which intercept the view, and no
back sight nor base are necessary, beyond
those which the magnetic meridian itself

furnishes. In a word, it admits of super-

ficial work in association with a sufficient

degree of accuracy for approximate pur-

poses, which instruments, like the transit

and theodolite, do not. It is, when it be-

comes necessary to lay out or survey with

accuracy a large body of land ; to range

long lines and turn angles, that the compass
proves itself a worthless auxiliary, and loses

signally its great advantage of rapidity, for

the work, where checking at first has to be

tediously wrought into shape by successive

approximations, the first locations being

merely trial lines, from which the true ones

must be deduced—a work of some difficul-

ty, since lines run with the compass can

never be quite straight.

In using the compass abundant time

should be given for the needle to settle. It
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should be borne in mind also, that the cen-

ter of the compass, unlike the transit, is not

necessarily directly over a certain point

when a plumb lino, suspended under the

tripod head drops upon it, for the ball and

socket of the compass is so high above the tri-

pod head, that the centre of the instrument

may be carried considerably to one side or

another of the given point. In ordinary

compass work, however, this is a matter of

little consequence.

In running out lines with a certain bear-

ing, the vernier may be advantageously

used. Thus, to locate N. 12° 23' E., set

the vernier 23' to the left, i. e., as if for

westerly variation, and run N. 12 c E. by

the needle.

In taking the bearing of a certain given

line, the manipulation of the vernier is so

tedious, that its use is generally abandoned

by surveyors.

SUB-AQUATIC TUNNELS.
From "The Builder."

The anticipated success of a well-design-

ed, though cheap and simple, tabular drift-

way under the be I of the Thames, has at-

tracted a considerable share of public atten-

tion to the subject of subterranean, or sub-

aquatic, communication. The idea of a tun-

nel, indeed, has been rendered so familiar to

the inhabitants and to the visitors of Lo i-

don by the convenient service of the Metro-

politan Railway, that persons who are de-

void of the slightest idea of the difficulties

with which the engineer has to contend,

from the moment when he bids farewell to

open daylight, come to speak of a tunnel as

a very ordinary piece of work, and gravely

discuss the feasibility of a structure of this

nature, of the modest length of 30 miles, and
at a level dipping some hundreds of feet be-

neath the bottom of the Straits of Dover.

Mr. Barlow's success, we trust, is now
beyond doubt. Of the 1,320 feet demand-
ed for his

- driftway, he has already safely

constructed upwards of 1,000 feet; and the

tube, advancing from a shaft on the north-

ern bank of the Thames, has been pushed

beyond low-water mark on the opposite

shore. In his letter published a few days

since, Mr. Barlow asserts that the very

moderate estimate of 16,000 pounds for the

entire work will not be exceeded. Should
this prove to be actually the case, there can

be little doubt of further demand on the

skill of so economical an engineer. But

the reason for which it occurs to us that it

is most important that the public should
not be misinformed as to the actual risks

and difficulties against which the engineer

of a tunnel has to provide, is as follows

:

In all normal times of engineering activi-

ty, a marked and novel success, especially if

it be a financial success, is apt to force a

heavy aftercrop of more or less similar

schemes. In these cases it too often follows

that the modest anxiety and patient fore-

thought which have led to the first triumph
are altogether discarded by those who rush

to follow in the same path. B has tunnel-

ed under the Thames ; therefore C and D
will fight for authority to tunnel under the

Mersey, and E and F to tunnel under the

Channel. Talk of the latter project as wild,

and its supporters will point with triumph
to the little adit by the Tower.

Tunneling, indeed, is not an invention of

the present day, nor of the present century.

That great engineering people, to the influ-

ence of whose institutions we owe so much
of the very framework of modern civiliza-

tion, wrought tunnels which endure to the

present day. Two thousand two hundred
and sixty-four years ago, the miners of Fu-
rius Gamillus drove the famous Emissarium
through a part of Mount Alba, and tapped

the swelling waters of the lake of that name.
Etruscan science, on this occasion, directed

Roman energy. But the tufa of Italy, a

material which behaves under the pick of

the miner in a mode very similar to the

English chalk, is bored and drilled with

shafts, and adits, and lofty tunnels, in all

directions. The gallery of Posilippo is fa-

miliar to every visitor of Naples. The cu-

rious system of galleries and caverns known
by the name of the Grotto of the Sibyl, dates

from a remote antiquity. Whether it were

from an observance of hydraulic laws, from

want of a trustworthy material for pipes, or

from the conviction that the steady un-

checked action caused by gravitation was
best suited for the permanence and purity

of a water-supply, we need not now pause to

inquire. But certainly a knowledge of the

engineering works of ancient Italy might
have taught the English predecessors of

Brunei more than they ever knew about

tunneling.

The school for tunneling in England has

been, of course, underground. In our mines,

especially in our coal mines, the problem
of coustructing subterranean galleries has

long been solved. In certain districts, such,
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for instance, as that of the Peak, in Derby-
shire, vast natural caverns open out in the

living rock, glittering, when lighted up by
the miner's torch, with sparkling stalactites,

accessible, in places, only by narrow and
low-roofed passages ; and at times traversed,

or occupied, by rivers, which long borrow
from the light of day. In one Derbyshire cav-

ern a river precipitates itself down an unfa-

thomable abyss, and what becomes of the

water is unknown.
But with all our practices as to mining,

and all our acquaintance with natural sub-

terranean galleries, the progress of the tun-

nel engineer was slow in this country, until

the exigencies of the line selected by Ste-

phenson for the London and Birmingham
Railway led to the simultaneous construc-

tion of four wide and lofty tunnels, of di-

mensions before rarely attempted. It is

true that the method of piercing the bar-

rier that divided valley from valley had
been pointed out, no less than the main di-

rections of the best line of communication
had been indicated, by Telford. The Grand
Junction Canal was the pioneer and guide of

the London and Birmingham Railway. But
the canal tunnels were reduced to the mini-

mum cross section. They admitted a canal

boat, with the depth of water requisite to

float it, and no more. In the earlier tun-

nels the boats were propelled—or, we might
say, coaxed through—by the barbarous and
painful expedient of the boatman's lying on

his back and pressing his feet alternately

against the roof of the tunnel.

In the case of the Thames and Medway
Canal, a tunnel of larger dimensions was
cut, through the chalk, at Rochester. A
narrow tow-path was formed, in this in-

stance, by the side of the water-way. In
that tunnel, of some 2,000 yards long, the

chalk in some places gave way, and lofty

caverns diversified the usual elliptic section

of the arch, which in only a few places, was
protected by brickwork. When the Graves-

end and Rochester Railway was laid through
this tunnel, the Government Inspector,

Lieut. -Gen. Sir C. Pasley, satisfied himself

of the solidity of the chalk roof by the mil-

itary expedient offiring at it from a mortar.

He only used, however, wooden plugs.

The Kilsby tunnel was the scene of a most
protracted, and for a long time a precarious,

struggle of Robert Stephenson, with the

great enemy of the tunnel miner—water.

—

So long and so continuous was the influx,

and so far were the methods at first employ-

ed from being adequate to keep it under,
that the abandonment of the work was at

one time all but resolved upon. A quick-
sand full of water had been tapped by the
tunnel, and till this was emptied, satisfac-

tory progress was impossible. Notwith-
standing the increased command of steam
and of mechanical power which the last

thirty-five years have placed at the command
of the engineer, the experienced man will

yet even now look grave at the prospect of
tunneling through a hill that is likely to be
wet, unless he can allow of the tapping of
the springs, and the bleeding of the internal

lake, by gravitation.

In this contest with the water at Kilsby,
Robert Stephenson could indeed avail him-
self to some extent of the experience gained

by Sir Mark Brunei and his assistants in

their long struggle with the Thames. But
the Thames Tunnel was unlike any other

work. It was long considered, deservedly,

and is still ranked by foreigners, as one of

the wonders of the world. Skill, patience,

energy, enough to have reared a monument
of the loftiest dimensions, were buried in

that horrible mine. Engineer after engi-

neer was knocked up by labor, by damp, and
by the ill effects of the deposit of the Lon-
don sewage in the bed of the river. But
the Thames Tunnel was a work per se,—

a

marine, or rather river, work, under most
unfavorable circumstances, rather than a
tunnel proper. The normal idea of the lat-

ter work is that of boring through the earth.

The material may vary
;
props, and struts,

and polling boards may be more or less con-

stantly required ; water may pour in, and
necessitate constant pumping ; but these

are the accidents of the case (and very un-
pleasant accidents they are). They are not
essential or constant obstacles to the boring

through of a rocky or chalky barrier. Earth

,

or rock, is the natural bed of the ordinary

tunnel. But Sir Mark drove through shift-

ing mud. The square platform which grew
together, brick by brick, as his many-parti-

tioned shield was driven forward, was often

within but a few feet of the bed of the

Thames. It is even probable that, had the

problem been affronted in the first instance,

the engineer would rather have preferred to

construct a double brick arch, working from
one end, through nothing bat water, than to

deal with the ever-varying difficulties of mud,
and silt, and clay, and wholesale inpour of

the tide.

Iudeed, Mr. Barlow claims for his well-
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considered and simple shield, the merit that

it would be so adjusted as to drive a tube

ahead through water. It is far from being

impossible that such a procedure should be

carried out.

In the case, however, of the actual sub-

way, the chief point to note is, that a wise

provision has been exercised in fixing the

level of the work so deep in the London
clay that not a drop of water has entered

the drift-way. That necessary for the pur-

poses of the work has been send down the

shaft. In fact, though no engineer would
have felt justified in making the experi-

ment, there is little doubt that the simple

expedient of mining through the clay at the

same level, "polling" the drift-way, and
following the miners by a gang of bricklay-

ers, who should have turned a brick and a

half ring round the aperture, would have
met with uninterrupted success. The one

thing necessary in a case where, as in this

instance, no faults occurred in the clay,

would have been to keep up such a rapid

rate of progress that the arch should always

have been keyed in before the clay began to

" creep." How certain, and how formida-

ble, that creeping action is, Mr. Stephenson
had ample proof in the Primrose-hill Tun-
nel. Under the influence of the successful

experience of the AVatford Tunnel, driven

for the most part through solid chalk, the

originally designed invert of the Primrose-

hill Tunnel was countermanded. But the

clay betook itself to fill up the hole drilled

through its bowels ; and the invert had to

be put in, in very much of a scramble after

all.

Men familiar with this description of work
looked with a sort of amused surprise at the

rose-colored statements which from time to

time appear in the public journals as to a
" Channel Tunnel." They do not say that

such a work is impossible. They do not

even care to form a distinct opinion on that

head. But they are very well contented

with the applicability of the proverb, " Le
jeu ?ie vaut pas la chandelier
A better communication with France is

no doubt both extremely desirable and per-

fectly feasible. Our present mode of transit,

obnoxious as it is to the majority of our-

selves, islanders as we are, and still more
miserably and terrifically obnoxious (to

judge from their countenances on deck) to

most of our Continental neighbors, is hardly
up to the requirements of the day. A safe,

speedy, regular transit, free from doubt,

from risk, and, above all, free from the fear

of that horrible mat de mer, is wh;it the Eng-
lish public have the right to expect of the

profession of civil engineers, and what that

profession will place at the command of the

public, on the one sole necessary condition

of being furnished with funds. These funds

must be large, for the waves of the Channel
are rough and tempestuous. But to speak
of the sum requisite as one which would be

adequate to the construction of a sub-marine

tunnel, 30 miles long and 250 feet (some

say yards) below the level of the Matiche, is,

to our mind, nothing better than grave tri-

fling with an important practical subject.

It is curious to see how the non-profes-

sional imagination has not only run to flow-

er, but to seed, about this question of cross-

ing the Channel. The most remarkable

feature in the case, moreover, is, that hardly

any scheme is so absurd as not to find sol-

emn-visaged propounders and open-mouth-

ed admirers. It is evident that the mate-

rial on which Law counted as the basis of

his imaginary wealth is still to be found in

rich abundance within our shores. It is only

necessary to dig. Les badauds tie passeront

jamais. Neither railway kings, with their

royal mode of making things pleasant, nor

colossal contractors, with their lines to de-

velop traffic ; nor financial companies, with

their periodical crashes ; nor Brighton di-

rectors, with their eight millions laid out so

as to earn an annual loss, exclusive of the

perished and annihilated interest ; nor Chat-

ham and Dover magnates, with their dis-

counts of all per cent, have had more than

a temporarily enlightening influence. We
are told of scientific French evidence in fa-

vor of a grand Channel tunnel. By way of

making a few preliminary inquiries, the

Chancellor of the Exchequer is to be asked

for the trifling sum of a couple of millions

on account. The French Emperor, it is

added, looks favorably on the scheme, and
has given a conditional promise of as much
more. All right ; we rejoice to hear it.

—

We have only one point on which to insist.

Let us get the French Emperor's money
down Jirst. Then it will be time enough to

inquire about our own installment.

It is proposed, as caution is always desi-

rable in engineering matters, that a drift-

way should just be run under the Channel
in the first instance, to prepare the way for

the tunnel. The suggestion is at once eco-

nomical, prudent and practical. Let us

suppose a drift-way to be run, some five feet
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or six feet high and wide. Is it to be tim-

bered, or arched, or lined with iron ? As
the meeting from the two ends would be a

thing forbidden by the calculus of probabil-

ities, it will have to be worked from one ex-

tremity. As we get on—say beyond the

twentieth mile, how will the miners be sent

in to their daily work ?—how supplied with

air or materials ?—how will the excavated
chalk be sent back to land ?

Galleries in chalk are infested, as miners
are well aware, with choke-damp. What
would be the quantity of choke-damp that

would exude from 280.000 superficial yards
of chalk surface (when the drift-way had ad-

vanced only twenty miles), and how would
it be withdrawn ?

Water infiltrates through chalk. A very
small head of water will cause infiltration

for a considerable distance. Where bands
of flint occur they act like layers of sponge.

All the wells in Strood, within a considera-

ble distance of the Thames and Medway Ca-
nal, were rendered salt by infiltration through
the chalk, when the brackish water of the

Medway was admitted into the canal ; and
the company had to pay, and did pay, heavy
damages in consequence. What would be
the infiltration through the gray chalk due
to the pressure of the water of the Channel?
What would be the difference between the

exudation from the 280,000 yards of surface

at high tide and at low tide ? How would
the water, on its most modest estimate of its

rate of infiltration (which by the by, would
increase de die in diem), be removed ? A
few of these practical questions must be an-

swered before we can undertake to speak,

with any idea of serious investigation, as to

the prospects of the Channel Tunnel.
But we are not limited to one scheme.

—

Their name is legion. One amateur propo-

ses the formation of an embankment across

the Channel, the top to be some 30 feet beluw

low-water mark. Rails are to be laid on
this embankment (which is kept down for

the benefit of navigation), and long-legged
carriages, of novel structure, are to run
backwards and forwards over the submarine
railway. We should like to let the laying

of the permanent way to the projector.

Another gentleman proposes a floating

tabular tunnel. It is to be moored at cer-

tain distances by chains. The process of

anchoring and straining the chains at the

bottom of the Channel would be highly inter-

esting. Supposing—not to make two bites

of a cherry—the tube complete, moored and

at work. What a grand idea to think that

the whole service of the Continent, and the

lives of all who happened to be at any time
in a structure that recalls the legend of Ma-
homed's coffin, would be at the mercy of a
beggarly gun-boat, or a mischievous tor-

pedo !

In fact, we warn our friends, when called

on for subscriptions for a Channel bridge, or

tunnel, or hybrid between the two, to but-

ton up their pockets, and wait. The limits

of the service of the engineer are, no doubt,

rather financial than physical. The limits

of speculative imagination appear to be
equally removed from the barriers of pru-

dence and from those of experience.

Returning for a moment to the Tower
subway, we would mention that the work has

been carried forward by the advance of a
tabular wrought-iron shield, about 8 ft. in

diameter, which is so constructed as to form
a close bulkhead in case of need. As this

shield is pushed forward by screws, the ex-

cavators opening out the ground for a few
feet in advance, the permanent tube of the

subway is fitted into place behind it, being-

cast in 18-inch lengths, each consisting of

four segments ; three of which are of equal

size, and the fourth is a mere key-plate, 14
in. or 15 in. wide. Length by length these

narrow plates are bolted on the face of the

tube, being protected, until firmly fixed, by
the shield. The introduction of the narrow
wedge-piece has proved a great facility in

fitting together the segments of the tube.

The internal diameter of the completed

tube is 7 feet. A narrow railway will be

laid throughout, and the passengers, being

lowered down the shaft by a vertical hoist,

will be carried through the subway in an
omnibus specially constructed for the pur-

pose, propelled partly by gravity and partly

by haulage by a stationary engine. A cu-

rious feature in the actual construction of

the tunnel is the filling up of the small space,

excavated outside of the tube, with blue lias

grout. A hole is left in each plate, and
through this the grout is driven by a large

syringe until the aperture is completely full.

The mixture dries so rapidly that it is un-

necessary to plug up the holes on the remo-

val of the nozzle of the squirt. How far

that irresistible oxidation of the iron (by

absorption from the grout), of which we have

recently seen such a striking instance in the

tomb of King Henry VII, will proceed, re-

mains to be seen. It seems almost apenny-
wise-and-pound-foolish proceeding not to
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have enameled, galvanized, or otherwise

protected, the inaccessible exterior of the

tube from a very formidable danger which

there is no means of detecting until it is too

late. Mechanically considered, the injec-

tion of the grout is admirable. Chemically

regarded, we fear that the same cannot be

said.

We avail ourselves of the opportunity to

call the attention of all managers of tunnels,

mines, and similar works, to the immense
facility afforded to the work by the use of

the electric telegraph. A constant and in-

stantaneous communication is kept up by
the wires between the engine-driver and the

face of the work. Lowering and raising of

materials, and admission of air by the fan-

blast, are thus precisely directed by the

foreman on the work itself. The sense of

confidence that would be inspired in any case

of danger by the possession of this mode of

communication would be beyond all price.

THE MANUFACTURE OF RAILS.

From a paper by Mr. E. Williams, before the Iron
and Steel Institute, and the discussion following.

In this paper Mr. Williams stated that he

proposed to give as concisely as he could the

opinions he entertained as to rails, and to

consider, from the stand-point of a rail-

maker, the several kinds of rails in use, the

merits and demerits of each, together with
the processes of manufacture generally used.

The paper said : The rails of to-day are of

two distinct kinds—those made from ingots

and those built up; and it must be admitted
that—questions of cost and possible supply

not considered—ingot-made rails are best.

We are in the habit of describing the two
kinds as steel rails and iron rails—a des-

cription obviously incorrect—because the

Bessemer rails now making have a per-

centage of carbon much lower than that of

steel proper as we used to know it. Besides,

it is, so far as I know, impossible to define

when iron ends and steel begins. It will

then be as well to call the two divisions

ingot rails and piled rails.

For many years makers of iron by the old

processes have desired and endeavored to

produce ingots or blooms, each from a single

puddled-ball, that would roll into rails.

This, if it could be done, would, I have no
doubt, make rails equal to any ever made

;

but the difficulties seem insuperable. Pud-
dled-balls of sufficient size have been, and
may be obtained ; but it appears impossible

to produce moderate compactness of the iron

without more work upon it than is possible

in one operation. I have come to the con-

clusion, though most unwillingly, that we
shall not succeed in producing by puddling,

workable, unwelded, solid blooms and, so

far as our present knowledge extends, ingots

cheap enough to make rails on a consider-

able scale are only to be obtained by the

Bessemer process. Whether or not the

Siemens-Martin process can compete, in

point of cheapness of production, with the

Bessemer process, is as yet unproved, and
the question need not arise here. It is

sufficient now to know that both can, with-

out doubt, produce ingots that roll into rails

without much difficulty, and that such rails,

being free from the possibility of lamina-

tion, must be more enduring than built-up

or piled rails, however carefully made. It

is not unlikely that further experience may
determine the precise constitution ingots

should have to produce the most enduring
rails, but at present this is matter of opinion

only. The freedom from welds and layers

is an enormous advantage, and the use of

ingot rails will, I feel sure, go on increasing,

though the rate at which they will push piled

rails out of existence must, of course, de-

pend on the relative costs.

If the phosphorus difficulty could be got

over, and the cheap pigs of the Cleveland

district were available for the Bessemer
process, there would be so great a reduction

of cost that ingot rails would be almost as

cheap as piled ones, and the latter must at

once give way ; but there is not at present

any good ground for expecting that such a

change is near, and I see no reason to sup-

pose that for some time to come ingot rails

will become anything like universally used,

because of their price. The removal, in

February next, of the bulk of the present

Bessemer royalty-charge, will, no doubt,

reduce the selling prices of ingot rails ; but

I am mistaken if, after all, they can be pro-

duced so as to be sold within 40s. or 50s.

per ton of the average selling price of good
piled rails, the life of which, in the ordinary

portions of a heavily-worked railway, would
be about fifteen years. For the very severe-

ly-worked places ingot rails, at almost any
moderate extra price, are, of course, best.

Strenuous efforts have been made by
nearly all the great iron makers everywhere

to produce steel topped rails, which, it was
hoped, would be much more lasting than the

usual piled iron rails, and less costly than
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ingot rails. Puddled steel seemed to offer

a cheap and good material for this, and after

some difficulty to begin with, it was produc-

ed of uniform quality. It is, no doubt, a

material capable of resisting well the wear
and tear of railway stock, but it could

scarcely be welded at all, and as it could not

be obtained in solid blooms of the rail size,

the syste'm failed and has been abandoned,
in this country at least, entirely. That
Bessemer steel slabs can by great care and
skill be so fastened to iron as to make rails

that will wear well is proved by the instances

of the rails supplied to the Edinburgh and
Glasgow Railway and to the Swedish Grov-

ernment. Probably there have been some
other instances also, but I do not expect to

find such rails coming into general use, be-

cause of the difficulty of welding on the

steel plate, which is not much, if at all, less

than that of the puddled steel before spoken

of. It need not be told to this meeting that

steel, however mild, will only stand a com-
paratively low heat, while iron, to weld at

all, must have a high one. Griving the steel

top a mechanical grip is, no doubt, to make
the best job possible, but the channel steel

slab has the disadvantage that the horns

prevent the escape sideways of the super-

fluous cinder, which at best interposes too

much between the layers to be welded to-

gether. This could not fail to produce faulty

welding, which the traffic of an English

railway, such as the North-Eastern, would
certainly bring to light despite the mechani-
cal fastening.

So far as I can see, then, the only choice

as to rails lies between those made from in-

gots and piled ones, and in the uncertainty

as to the Siemens-Martin process it may be

assumed that the Bessemer process will

supply the former. I do not desire to con-

vey any doubt or even opinion as to the

practical value of the Siemens-Martin pro-

cess ; but it is not yet, in England at least,

in operation for rail making on more than

an experimental scale, and it is therefore

uncertain what proportion of the rail ingots

of the future it will supply. The present

price of ingot rails is about £10 per ton for

usual flange sections, and it is, I believe, the

fact that this is not remunerative. After

February next makers will save most of the

royalty for patent right, and it may be as-

sumed that rails will go down say to £9 per

ton. While ingot rails are at anything like

this price, good piled rails, the average sell-

ing price of which is not £6 10s. per ton,

and which, under moderate traffic would live

on the average 15 years or more, will, I

believe, hold their ground and be in demand.
I wish to make it clear that my remarks
apply only to good iron rails; the very
lowest kind is only bought by those who
give themselves no concern as to quality,

and first cost will in such cases be the only

considerations.

It is not unfrequently asserted that, as a
rule, the rails (of course all piled rails) of

twenty years or so ago were of a more en-

during kind than those supplied now, and I

think there is some truth in the accusation.

It must not, however, be forgotten that the

duty imposed on rails now is very much in

excess of that they had to bear in the early

days of railways ; and that, therefore, mere
length of life is not a correct standard by
which to measure their quality. As the

weight upon the rail increased, engineers

and manufacturers simultaneously adopted
the use of more fibrous iron as a preventive.

Still every now and then a rail would break
despite the extra endeavor to prevent it,

and notwithstanding the heavy and heavier

tests which rails were required to stand.

This has gone on for many years until not a

few of the specifications framed by engineers,

certainly with the view of ensuring ex-

cellence of quality, bring about the reverse,

because to meet them, rails are made of

fibrous, and therefore difficult welding iron,

at an increased cost, and less serviceable

than those made after a simpler system.

Even, after all the additional cost and the

diminished value of the tougher rails, there

is an occasional breakage (as there is also

now and then a breakage of ingot rails), and
I am of opinion that it will be so, despite

all possible care, and irrespective of price.

We all know that a percentage of piles

or ingots heated are, even by the best work-
men, so over-heated, at some stage or other,

that they fall into pieces, or become torn in

the rolls ; there are also, no doubt, some
which are heated a shade short of this point,

and just hold together, but are almost as

brittle as porcelain when finished. This

occurs while the great bulk of the rails are

abund'antly strong, and I do not see how
any system of testing can detect the un-

fortunate instances. They cannot under
any tolerable supervision be more than a

small proportion—under good watching very

small—but I am afraid they will always be

a proportion, as there is in the case of cruci-

ble steel tyres, which cost eight or ten times
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as much as rails, and which have all possible

care and skill devoted to them. Supposing

the all but broken rails to be 1 in 100,001),

it will be evident that there is small chance

of that one being selected for testing, and
•if it were chosen, it would be found so ex-

ceptional that nothing more serious would
follow than the testing of a few more rails

to prove that it was exceptional.

I do not at all advocate the discontinuance

of the system of testing rails—no prudent

maker would abolish it even though it were

not insisted on, but it is, I am sure, the fact

that the excessively heavy falling weights,

prescribed frequently, do necessitate the use

of iron for rails that welds with difficulty,

and, therefore, does not make the best rail

for wear. To meet the severe falling tests

it is absolutely necessary to use fibrous iron,

and not to heat too much—in fact, to make
the piles of iron that, do what you will, is

very difficult to weld, and then not to give

them the amount of heat necessary to make
as good a weld as might be. On this sub-

ject I have thought and experimented much,
during a somewhat long experience, and I

am satisfied that a fibrous nature and weld-

ability do not go together, and that only

well-puddled, crystalline iron welds easily,

and, therefore, with moderate certainty.

Given any kind of wrought iron, it welds

more easily in its first stage, that of puddled

bar, than at any future one ; and the effect

of roughing it down, that is, of extra piling

and rolling, is always to diminish the weld-

ability of the resulting rail piles. Those
who make cable bolts, best boiler plates, and
other similar iron, know how certainly they

are spoiled if they are worked hot—in other

words, if they are welding hot. Cable bolts

for a chain are not the worse, but the tougher

and softer, because the layers of which they

are composed are only firmly struck together,

and not welded ; but in rails welding is the

very life itself. As often as opportunity

offered, I have carefully examined rails that

had borne an unusual amount of work be-

fore becoming so worn as to be replaced,

and in, I think, every instance they were

what we now would call very brittle rails,

and had a rough crystalline fracture' when
broken under a falling weight.

It is, I think, undesirable to use rail piles

of great cross sectional area, which are less

likely to be heated equally to the centre

than were the small piles of a century ago.

Rails at present are heavier and longer than
formerly, and it would not, I presume, do

to go back to piles 6 in. square, or there-

abouts ; it would, however, I think, be well

not to exceed 8 in. by 8 in., which, with
blooming and double-heating, might be well
welded. The two great rail-producing dis-

tricts of this country are Wales and the
North of England, and each has a system of

working different from the other.

These systems have been explained in

detail, and with the aid of diagrams, Mr.
Williams went on to say "that the Welsh
system has the merit of more work on the

iron, that is, greater consolidation, than is

obtained by the north of England system.

This is a doubtful advantage, if it is really,

as I believe, that the iron for rails is, as a

rule, too much worked, while it has the de-

merit of having many through welds in the

heads of the rails. The north- of England
system produces hard crystalline heads, with
the fewest possible welds, and when the iron

of this district is not too much worked, and
thus made fibrous, it is of the most weldable
kind, though somewhat brittle. Such iron,

it seems to me, is likely to produce enduring
rails, and I firmly believe that with proper

attention, piled rails can, and will, for a

long time yet, be made from it, so enduring

as to compete successfully with good ingot

rails, produced by the Bessemer process."

Mr. Williams concluded :
" My desire has

been to lay before those who make, and
those who use rails, the conclusions my ex-

perience has produced, as to the causes of

the unsatisfactory wearing power of piled

rails, and to show how, in my opinion the

evil may be abated. The subject is very
important to all, and to no class of men
more than to those who, like myself, make
piled rails. These are now in competition

with ingot rails of the Bessemer process,

and cannot, I think, possibly continue in

demand, unless the greatest care be given to

the manufacture, both as regards the iron

used and the welding. Welding, I hold to

be the one thing needful, and we should

never lose sight of it. As I have before

said, the chance of obtaining thorough weld-

ing would be much increased by not insisting

on more toughness and fibre than is absolute-

ly necessary to guard against so much brit-

tleness as would bring about breakages o

the rails in work."
Mr. J. T. Smith (Barrow-in-Furness

thought there was a point on which Mr.
Williams was misinformed, and that was
that in a few months (in February) when
the Bessemer royalty would be reduced,
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rails of that character could be had at £9
per ton. So far as he had been able to as-

certain, rails had been at very nearly that

price for a considerable time, and the ma-
jority of the steel rail masters were looking

forward to the time when the royalty would
be reduced, that they might be able to re-

coup themselves for the expenditure they

had had on their works.

Mr. Walter Williams (Tipton) briefly de-

scribed the manner in which rails were

manufactured on the Continent, especially

in Russia. He had seen from a 12 in. pile

rail finished at one heat, the head crystalline

and the flange fibrous. If they were able

with their common puddled iron to make
rails that stood the test that our iron stood,

there must be really something in the first

process. The rails were rolled out at the

rate of one a minute—100 revolutions were
attained by the rolls—with perfect crystal-

line top and fibrous bottom. The welding
must be perfeet, or the defect would evince

itself in the crystalline top. The iron was
similar in quality and character, and if they

were able to do it there, it must be possible

to do it here.

Mr. Hopkins (Middlesbrough), as one

practically connected with the manufacture
of rails, presumed the author, in condemn-
ing the system of excessive testing, applied

his remarks especially to double-headed rails.

If so, he entirely agreed with him. Prac-

tically, a lighter test was sufficient to secure

a thoroughly good, general wearing rail, and
a rail that would stand the traffic of any
railway. As regarded the rail with wearing

head and flange foot, to make a bearing on

the sleeper, a much heavier test could be

applied than in the case of double-headed

rails ; for in the former the fibres were at

the foot of the flange of the rail, a crystal-

line head being still preserved.

Sir William Armstrong need hardly say

that, in the manufacture of guns upon the

coil system, a perfect welding was of just as

much importance as it was in the manufac-

ture of rails ; and great attention had been

given both at Elswick and at Woolwich, to

the devising of a test which should indicate

with some degree of certainty the fitness of

the iron for the purpose of making a perfect

weld. The conclusion arrived at eventually

was this (and it was arrived at both in their

practice at Elswick and at Woolwich), that

in proportion as the iron had a steely char-

acter, so in proportion it was unfavorable

for welding. The indication of its steely

character was obtained in this way—they
took a specimen of the iron, heated it to a

certain point, and then plunged it into water
;

if they then found its tensible strength was
increased beyond a certain limit, it was re-

jected as unfavorable for welding. That
iron welded most perfectly winch underwent
no increase of strength in the process of

hardening. Almost all iron did receive an
accession of strength similar to that observ-

ed in steel by the process of plunging when
hot into cold water, though to a less degree.

He hud a little difficulty in reconciling what
he had just stated with what Mr. Williams
had said in reference to the constant re-

working of the iron, unless it did assume
something of a steely character, which he
had some difficulty in understanding. Then
there was another point on which he might
speak, though with more diffidence, and that

was in regard to the mode of testing rails.

The test which was ordinarily practiced of

selecting a particular rail—allowing a heavy
weight to fall upon it—might be very well

for indicating the general character of the

material, but it was not at all a proper

method of welding out the rails which were
defective in manufacture. He did not see

why there should be any difficulty in expos-

ing a rail to a moderate test of that kind.

It would not be difficult to devise some ap-

paratus by which that should be done with-

out any manual labor at all. If the rails

were laid on a moving machine and struck

with a certain force which would not en-

danger a good rail, but which would as

certainly break all rails which were inher-

ently bad, the end would be answered.

Mr. I. L. Bell felt that the quality of

rails generally had suffered materially from
the wish on the part of the buyer to obtain

the rail at far below the cost at which it

could be produced, and secondly, harm had
been inflicted on the manufacturer by the

demand for a species of test utterly unneces-

sary and excessive. They had on the North-

Eastern Railway a great number of rails

which had worn uniformly down until from

absolute wear they had become unservice-

able. It became a most interesting question

to him to know what was the character of

that iron which had been better able to stand

the wear and tear of the railway than iron

which appeared to be of a much better

quality. He subjected it to an analysis,

conducted by Mr. Marreco, a very competent
person, who discovered not in one instance

only, but in many, that the rails were dis-
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tinguished by the excessive amount of phos-

phorus they contained ; and, in point of fact,

was precisely due to that quality, in which,

probably, Cleveland stood preiniuent.

Mr. T. W. Plum (Old Park Ironworks,

Shropshire), thought it worth investigation

whether a homogeneous rail from the solid

bloom might not be made very nearly ap-

proaching in durability and quality to some
of the steel rails. The days of steel rails

were coming very fast upon them, and it

might be worth while for the iron rail makers
to turn their attention to the subject. As
regarded welding he might say that he had
had some little experience in working iron

for guns at Woolwich, and some time after

that he had to start a tyre mill on the coil

principle, similar to that adopted in the con-

struction of guns, except that the bars for

the welding were flat instead of square as

used for guns. He encountered some dif-

ficulty in getting the coils to weld properly,

and after some little experience he had them
made with convex sides ; and so superior

was the result obtained by the use of convex

bars that, having on some occasions had
Swedish iron which was difficult to weld

made into tyres, the result was perfectly

satisfactory. It was desirable to consider

whether rails could not be made from solid

blooms, instead of piles as hitherto.

SCIENTIFIC vs. PRACTICAL SCHOOLS.
From the " New York Times."

Although the subject of education—class-

ical and scientific, practical and polite, pop-

ular and technical—has never been more
warmly and widely discussed that at pres-

ent, there are notable differences of opinion

and practice regarding the educational re-

quirements of classes, and the most effective

methods of instruction. While we rejoice

at the maintenance of the classical depart-

ment in the great free school of this city

;

while we cannot too highly appreciate, in

this greedy and utilitarian age, the polite

• and scholarly culture of our older universi-

ties, it must be admitted that the dissemina-

tion of practical science is the great problem

of the day.

Education is popularly divided into

" classical," that is to say, scholastic and
polite, and "scientific," by which is meant
practical, useful, and adapted to the daily

and modern wants of the nineteenth century

workers : but it should appear that this

classification, is incomplete. If we mean by

"classic," pure, chaste, refined, then some
of the natural sciences, and above all, the

higher mathematics, exhaust that definition,

though usually classed as scientific ; and
certainly nothing could be less practical or

more imaginative, not to say poetic, than

for instance, the mechanical engineering

taught in many of our scientific schools.

In as far as education is a disciplinary

process for fitting the mind to work, there

must be little to choose between Greek and
mathematical roots ; but in as far as it pre-

tends to unfold the particular and practical

arts and sciences by which graduates can

earn fame and bread, it must be admitted

that the curriculum of our practical schools,

especially in mechanical science, is singular-

ly defective. In his address before the me-
chanical science section of the British Asso-

ciation, Mr. Siemens, the President, gave
authoritative expression to this idea by say-

ing that the information conveyed to stu-

dents by professors lacking themselves prac-

tical experience, " tends to engender a dog-

matical cjnceit, which is likely to stand in

the way of originality in the adaptation of

new means to new ends ; on this account I

should prefer to see a sound ' fundamental

'

education, with a sketch only of the techni-

cal arts, followed up by professional train-

ing, such as can be only obtained in the

workshop, the office or the field." Those
who are familiar with the real requirements

of practical scholarship, will recognize this

to be a peculiarly timely and wholesome
statement of the case—but it is a pretty

severe commentary on our technical schools.

We wish to be particularly understood as

not applying these strictures to all branches

of scientific culture. The pure mathematics,

as made signally practical in navigation and
in certain features of construction, are

wholly theoretical, and the authority and
method of their teaching in our better

schools are unexceptionable. So it is with

chemistry, in most of its ramifications, al-

though practical metallurgists could wish

for more definite instruction, and less gene-

ral speculation.

The successful teaching of mechanical

engineering, however, must be founded

upon an intimate knowledge of the practice.

In some branches of technical instruction,

lectures are well enough illustrated and im-

proved by means of visiting, from time to

time, the establishments where the science

is reduced to an art. But neither the theo-

rist, nor the careful observer, nor even the



VAN NOSTRAND'S ENGINEERING MAGAZINE. 1105

amateur mechanic, can teach young men to

run a machine-shop, or to build, or even de-

sign steam engines, rolling mills and gene-

ral machinery, for the following reasons :

First—Although the strength of mate-

rials, as subjected to different kinds of stat-

ical strains, is a matter of text-book infor-

mation, machinery designed by these lights

alone, always fails. There must be, above

and beyond all tables and formulae, a cer-

tain mechanical judgment as to the propor-

tions and relations of parts. A bearing

that will carry a certain load in a stationary

engine, housed, clean and never overstrain-

ed, may be very inadequate to the same
nominal service in a rolling mill or in a lo-

comotive, where frictions and strains may
be excessive. The circumstances of over

stress, exposure, attendance, convenience of

repairs, and other accidental conditions"

may entirely change the designs of ma-
chines subjected to nominally the same ser-

vice. Experience in construction has also

established certain principles of departure

from general laws of strength. The reduc-

tion of friction, and even more notably, the

steadiness and balance of parts, requires in

many positions an excessive amount of ma-

terial. On the other hand, especially in

the case of the machinery of transportation,

experience has shown the importance of re-

ducing weight at the cost of stronger mate-

rials and shapes.

Secondly—The principles of economy,

not only of material, but of the work put

upon it in construction and in maintenance,

must be perfectly familiar to the successful

mechanical engineer. No matter how well

a machine will perform its functions, if the

shape of the parts is such that they cannot

be cast, or wrought, or finished by the tools

at hand, with the least amount of handling

or work, or if the parts are so put together

that they cannot be easily taken to pieces

for repairs, the machine is to that extent de-

fective.

It is, therefore, evident that mechanical

engineering cannot be successfully taught

by professors whose knowledge of machine
shops and foundries has been derived from
walking through them with their classes.

Nor does it follow, on the other hand, that

one must serve an apprenticeship at the vise

and the lathe to acquire the principles of

mechanical construction. There is, indeed,

little or no strictly educational literature in

these branches, but of course there will be,

and it will be adequate and suitable, as soon

Vol. I.—No. 12.—72.

as the men, who alone can produce it, are

called upon for lectures and text-books.

Until then—until instructors are not only

scholars, but the personal designers and
builders of successful machinery, students

in mechanical engineering had better take

Mr. Siemens' advice, and simply master the

elementary principles of physics, dynamics
and mathematics, and then go to work in

drawing rooms, foundries and machine shops,

even under the embarrassment of but par-

tially utilizing the many hours at the vise

and the lathe, which could be more profita-

bly and economically devoted, if one had
more practical teachers in our "practical"

schools. Let no one be deceived by names,

or by proposed courses of study. The steam
engine, for instance, is the subject of lec-

tures in some of our colleges, that brings

the invention nearly down to the time of

Watt. The training of professors in me-
chanics and engineering that has been com-
mercially productive, as a business, is the

test by which the usefulness of their schools

may be chiefly determined.

When young men who want to excel in

this branch of industry, hear that experts

like Fairbairn, Coidiss, Whitworth, Sellers,

Worthington, Armstrong, Ramsbottom, Al-

len, and many other of whom these are

types, are going to lecture on steam and
general machinery, let them go and listen,

at any cost. It may be difficult, but it

should not be impossible to secure this kind

of talent and training for our chairs of me-
chanical engineering. Few public questions

are of more importance than the proper in-

struction, in this distinctively engineering

age, of the young men who are crowding

into this profession. The managers of our

educational institutions are charged with a

grave responsibility, and the various men of

means who are contemplating the endow-

ment of schools, can hardly extend their

liberality in a more useful and timely direc-

tion.

Cable towing on the river Meuse, which

we have heretofore described, appears to

be an entire success. All the embarrass-

ments of swift current, varying depth, locks

and sharp curves, appear to have been over-

come. Inasmuch as it would not interfere

with horse-towing, nor require any change

in the works, and since a State expenditure

of only some $500 per mile for cable would

be required, we hope that, say, 50 miles will

be at once laid on the Erie canal.
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THE "DUTY" OF INJECTORS.

From " Engineering."

The question as to the relative economy of

injectors and pumps as boiler-feeders has been

frequently discussed, but, as a rule, the ar-

guments on both sides have been founded

upon data greatly wanting in scientific accu-

racy. As far as we are aware, scarcely any

reliable experiments have been conducted

in this country to ascertain the amount of

steam actually used by an injector in per-

forming a given amount of work ; and we
are, therefore, glad to see that, in an appen-

dix to a recent number of his work on

"Steam, Air, and Gas Engines," Mr. John
Bourne gives the details of a series of ex-

periments lately carried out by him to ob-

tain some definite information on this point.

Mr. Bourne's experiments were made with

a No. 6 Griffard's injector, which was made
to draw water from a tank, and deliver it,

past a loaded valve, into another tank stand-

ins; at a lower level. The valve, which was

of the piston kind, was loaded by a spring-

balance, so that the pressure upon it could

be adjusted, and both tanks were fitted with

gauges. Steam was supplied to the injector

from a small vertical boiler, the chimney of

which was furnished with a damper, so that

an uniform pressure of steam could be main-

tained, while the boiler was also fitted with

a graduated gauge, so that the quantity of

water evaporated during each experiment

could be noted. The temperature of the

water supplied to, and delivered by, the in-

jector was also ascertained at numerous fre-

quent intervals.

Mr. Bourne, however, although he gives

the full details of his experiments—which
are altogether 67 in number—does not show
how the heat abstracted from the boiler is

utilized, but he merely remarks that :
" As,

then, these experiments show the quantity

of water evaporated from the boiler, under
a determinate pressure, and also the quan-

tity of water lifted against a determinate

pressure or head, by the volume of steam
answering to the quantity of water evapo-

rated, the duty of the instrument, in any
experiment, can easily be deduced, and it

will be found to be very low.''' As to this

latter deduction, which we have printed in

italics, we either agree or disagree with Mr.
Bourne, according to the meaning assigned

to the term " duty." If the " duty " of an
injector is measured merely by the quantity

of water delivered by it against a given

pressure by the consumption of a given
quantity of steam, then undoubtedly the
"duty" of the instrument is, as Mr. Bourne
states, extremely low. But an injector not
only serves the purpose of a pump, but also

heats the water delivered by it ; and when
employed as a boiler-feeder, the only heat

which can be fairly said to be absorbed in

working the instrument is the difference be-

tween that abstracted from the steam passed
through it and that imparted to the feed-

water. Measured according to this stand-

ard, the "duty" of an injector will be
found to be very high ; indeed, so high that

it would require some experiments of a far

more precise character than any yet con-

ducted with the instrument to determine the

absolute loss. It is, we think, far from
being generally recognized how small a

proportion of the steam passed through an
injector is actually utilized in forcing the

water into the boiler ; and it may be inter-

esting if we analyze one of Mr. Bourne's
experiments, and show the information

which they afford on this point.

As our example, we shall take an experi-

ment in which the pressure against which
the water was delivered was the same as

that at which the steam was supplied, the

circumstances being thus those under which
the majority of injectors in use work. The
details of the experiment are as follows :

Duration of experiment 12 minutes.
Pressure in boiler 80 lbs. per sq. in.

" against which water
was delivered 30 " "

Quantity of water evaporated. . 5 gallons.
" " drawn from

supply tank 90 gallons.

Quantity of water delivered as

measured in receiving tank. . 100 gallons.

Initial temperature of water . . 52° Fahr.

Mean final temperature of water 117° Fahr.

As the water in the boiler would have a

temperature due to that of steam at 30 lbs.

pressure, namely, 274.4° ; and as water at

this temperature weighs 58.17 lbs. per cubic

foot, the 5 gallons evaporated would weigh

5 X.16x58.17 = 46.536, or, say, 46.5 lbs.

Again, the total heat of steam at 30 lbs.

pressure is 1,197.6°, and as during the ex-

periment we are considering the steam was
condensed into water at a temperature of

117°, each pound of it lost 1,197.6—117 =
1,080.6, or, say, 1,081 units of heat. The
total heat abstracted from the steam used

during the experiment was thus 1,081x46.5
— 50,266.5 units.

On the other hand, the weight of water
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at a temperature of 52°, being 62.377 lbs.

per cubic foot. The 90 gallons supplied to

the injector would weigh 898 lbs., which,

added to the 46.5 lbs. resulting from the

condensation of the steam, gives 944.5 lbs.

as the weight of the water delivered. Mr.
Bourne, however, gives the quantity de-

livered as 100 gallons at a temperature of

117°, and taking the weight of water at

that temperature as 61.7 lbs. per cubic foot,

this would correspond to a weight of 987
lbs., or 42| lbs. more than as determined

above. This difference is, however, not

greater than might be naturally expected

in experiments of this kind, in which, unless

many minute precautions are taken, there is

a considerable liability to small errors aris-

ing from the expansion or contraction of the

measuring tanks, etc. If, in the present

instance, we take the larger quantity, or 100
gallons, as that actually delivered by the

injector, we shall have 16 eft. of water de-

livered against a pressure of 30 lbs. per sq.

in., or 4,320 lbs. per sq. ft., this correspond-

ing to the performance of 4,320x16 = 69,-

120 foot-pounds of work. Dividing this

number by 772 (Joule's equivalent), we get

69,120

772
= 89.5 as the number of units of

heat actually required to perform this work.

But it has been shown that the steam ab-

stracted from the boiler parted with 50,-

266.5 units of heat, and there therefore

remains 50.177 units of heat to be yet ac-

counted for. • But it is stated that the 898
lbs. of water supplied to the injector were

heated from 52° to 117°, and this would,

therefore, correspond to the absorption of

898x65=58,370 units of heat, or more
than sufficient to account for all the heat

lost by the steam. We, of course, do not

for a moment suppose that any heat was
created in the injector, and the fact that the

amount of heat stated to be imparted to the

feed-water exceeds by a small amount that

lost by the steam, can only be due to some
errors of observation.

Some of Mr. Bourne's experiments were

conducted with the injector delivering

against both higher and lower pressures than

that at which the steam was supplied ; in-

deed, in one instance the injector, when fur-

nished with steam at 20 lbs. pressure, was
made to deliver against a pressure of 100
lbs. In this case, however, the quantity of

water which escaped at the overflow was
equal to 80 per cent of that actually de-

livered by the instrument. It will be un-

necessary that we should repeat the detailed

calculation which we have made concerning

these various experiments, but we may give,

for the purpose of comparison, the results

obtained in two instances in which the pres-

sure against which the water was delivered

were respectively much lower and much
higher than that at which steam was sup-

plied. These details are as follows

:

A. B.

Duration of experiment. ... 9 min. 16 min.
Pressure in boiler 40 lbs. 80 lbs.

Pressure against whicb water
was delivered 10 lbs. 90 lbs.

Quantity of water evaporated 6 gals. 6 gals.

Quantity of water drawn
from supply tank 94 gals. 96 gals.

Quantity of water delivered

into reservoir tank 100 gals. 100 gals.

Quantity of water escaped at

waste pipe 6 gals.

Initial temperature of water, 60° Fahr. 52° Fahr.
Final temperature of water, 116° " 114° "
Units of heat abstracted

from steam 60,245 60,320
Units of heat imparted to

feed-water 52,175 57,766
Units of heat due to work
done 29.8 268.5

Units of heat not accounted
for above. 8,040.2 2,285.5

In the case of experiment B, the 2,285.5
units of heat, entered as " not accounted
for," were probably carried off by the water
which escaped by the overflow pipe. It is

worthy of remai-k, that in the two experi-

ments, of which we give the particulars

above, the same volume of water was evapo-

rated and the same quantity delivered, not-

withstanding that the circumstances were so

different in the two cases. Inasmuch, how-
ever, as the temperature of 40 lbs. steam
is 287°, and that of 30 lbs. steam 274.4°,

the six gallons of water evaporated would,

in experiment A, weigh 55.56 lbs., and, in

experiment B, weigh 55.84 lbs. It is also

probable that if the measuring arrange-

ments had been sufficiently delicate, some
other minute differences in the quantities

would have been observed.

In. conclusion, we think that Mr. Bourne's

experiments fully corroborate the opinion

which we have on many occasions expressed

in this journal, that the injector, while form-

ing an excellent and economical boiler-

feeder, is not by any means adapted for

raising water or for supplying water under
pressure, except in those cases in which the

heat imparted to the water delivered can be

turned to useful account. "While, however,

we consider that Mr. Bourne's experiments
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are of much practical interest, we cannot

but regret that a supplementary series was

not carried out with a donkey pump of good

arrangement, substituted for the injector,

the exhaust steam being utilized in heating

the feed-water. Some useful comparative

results might have been thus obtained,

though we doubt whether the measuring

arrangements were sufficiently delicate to

enable the comparative efficiency of an in-

jector or donkey pump for feeding boilers to

be ascertained with accuracy. A thorough-

ly reliable series of experiments to deter-

mine this point is really required, and we
trust that some day it will be undertaken.

In the meantime our own predilections are

in favor of the injector, always supposing

that the use of that instrument does not

necessitate the employment of cold feed-

water where hot feed-water would otherwise

be available.

TITooden Railways.—During the late

M war in America the Confederates, in

constructing temporary railways and re-

newing lines which had been destroy-

ed, were compelled on many occasions to

use wooden rails as the only kind procurable,

and over these rails they transported alto-

gether thousands of tons of baggage, etc.,

at what, all things considered, were very

fair rates of speed. Wooden railways in

fact, when properly maue and worked, are

by no means bad things in their way, and in

countries where timber suitable for their

construction is abundant, they may often

serve a good purpose by opening up a traffic

which as it increases will warrant the estab-

lishment of an orthodox iron road. It was a

recognition of these facts which some nine

or ten years ago led Mr. J. B. Hurlbert, an

American engineer, to construct a wooden
railway about six miles in length for light

traffic, and the results obtained with this

line proved so far satisfactory that early last

year a line, 47g miles in length, was con-

structed to connect Carthage, N. Y., with

Harrisville. More recently, also, Mr. Hurl-

bert has built a line in Canada extending

from the Clifton Iron Mines to the Otweg-
atchie Railway, a distance of twenty-two

miles, and it is of this line that we more
especially intend to speak here.

The rails of the Clifton Wooden Railway,
like those of the Harrisville line already

mentioned, are of maple, and are 14 ft. long,

by 4 in. wide, by 6 in. deep. They should

be laid " heart side " down. The sleepers,

or " ties " as they are called in the States-,

are notched for a depth of 4 in. to receive

the rails, and the latter are secured in the

notches by wedges of maple plank 4 in.

wide and 12 in. long. The switches are

made in the usual way. The gradients on
the line are in some places as steep as 1 in

15, and the sharpest curves are of but 250
ft. radius, these curves, however, being
somewhat exceptional. The engines which
have, until lately, been used on the line

weigh 10 tons without wood or water, and
their load averages from 30 to 40 tons.

More recently heavier engines weighing 20
tons have been placed on the line, and it is

expected that when the latter has been
strengthened these engines will take loads

of 60 or 80 tons over the railway from the

mines to Ogdensburg, there being for this

distance a general fall in the direction of

the traffic, although the latter has to ascend

in some places gradients varying from 1 in

68 to less than 1 in 60. It is stated, more-
over, that on these wooden roads a 14-ton

engine can draw easily 20 tons of freight

up an occasional gradient of 1 in 21 ; and
the experience of last winter has shown that

ice and snow are no worse on a wooden rail-

way than an iron one, the use of a snow
plough and sand having enabled the Clifton

line to be worked regularly in the winter

season, even when the ground was covered

with three or four feet of snow. The wheels

of the rolling stock used on the line have
rims similar to ordinary railway wheels, but

a little wider, and the flanges are slightly

beveled, so that they may bear against the

rails without cutting them.) The trains are

run at from 8 to 12 miles per hour, and
these speeds can be maintained with safety

;

indeed, it is stated that no truck has been

off the line since the Clifton Railroad was
opened for traffic.

The quantity of maple used per mile for

rails is about 22,000 c. ft., and it is stated

that the cost for labor of placing these

rails in position is from $80 to $100
States currency. Resides this, there is the

cost of the "ties," and wedges, etc., and
altogether it is stated that the complete cost

of making and laying a wooden railway of a

somewhat superior class to that of which we
have been speaking, including a moderate

allowance of rolling stock, sufficient for the

traffic of the first few years, will not exceed

$5,000 per mile. In many instances, in fact,

such a line as the Clifton Railway can be
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constructed, exclusive of rolling stock and
large bridges, for $1,000 or £200 per mile.

As regards the cost of maintenance, that,

of course, depends mainly upon the amount
of traffic ; but in the case of the Clifton

Railway, Mr. Hurlbert states that two men
will suffice to keep in order three miles of

line, replacing all worn rails that may be

necessary. Altogether, we think that suffi-

cient evidence has been afforded by the

working of Mr. Hurlbert's wooden railways

to show that such lines may be profitably

constructed in many cases where, from the

nature of the country, the formation of a

regular railway would be scarcely warrant-

ed. It must be remembered, also, that a

considerable portion of the labor involved

in the building of a wooden railway could

be turned to useful account whenever, from
an increase in the amount of traffic, its re-

placement by an iron road became desirable,

while the rolling stock, even if specially

built for the wooden road, would also be
available on the iron one.

—

Engineering.

AERO-STEAM ENGINES.

From a paper read before the British Association by
Richard Eaton, Esq.

It is now pretty generally allowed that

power and heat are convertible terms, and

we have it upon the highest scientific au-

thority that a unit of heat is equivalent to

772 foot-pounds. We are further informed

that one grain of coal produces, by combus-

tion, sufficient heat to raise the temperature

of one pound weight of water through
1.634° Fahr. Taking the mechanical equiva-

lent of heat at 772 lbs. per unit, as above

stated, it follows therefore that the combus-
tion of one grain of coal = 1,261.45 foot-

pounds.

Now, with the best pumping engines,

either on the " Cornish " or '' Woolf " sys-

tem, the average duty is equivalent to about

94,000,000 foot-pounds, with a combustion

of 94 lbs. (1 bushel) of Welch coal ; in

other words, 143 lbs. per 1 grain of coal as

compared with 1,261.45 lbs., whence it ap-

pears that the steam engine, in its most im-

proved state, is not able to develop much
more than one-tenth into useful power of

the rm.echanical power due to the combustion

of coal. As a rule, we may assume that

the more distant the extremes of tempera-

ture in a thermodynamic engine, the larger

will be the proportion of heat turned into

power.

In the steam engine the extremes of tem-
perature, or the difference in the tempera-
ture of the boiler and condenser, is not very
great, and air engines, therefore, in which
greater extremes may be employed, offer

certain advantages in the production of

power. But in their arrangement, construc-

tion, and practical working, many difficulties

occur.

The difficulties in question arise, 1st, from
the destructive action of the heating furnace

upon the generator, which, when unprotect-

ed by water, is sooner or later burnt out or

destroyed. 2d. When high temperatures of

air are employed, the wear and tear of work-

ing parts becomes very great, and the diffi-

culty of proper lubrication almost insuper-

able. On the other hand, if low tempera-

tures be employed the engine develops but

little power in proportion to its size, and the

consumption of fuel becomes quite as large

if it does not exceed that of ordinary steam
engines.

In the consideration of the subject before

us a useful lesson may be learnt from the

avocations of domestic life. Let the tea-

kettle be our monitor. The careful house-

wife places it duly cleaned and charged up-

on the fire, and no matter how sharp and

clear may be the draught, nor how vivid

and intense the gaseous flame, no harm en-

sues. Let her, however, neglect to keep it

replenished, and what occurs—the bottom is

destroyed. The water acts as a shield or

safeguard to the metal exposed to the vivid

incandescence, and in the present state of

our knowledge as to the structure of metals,

or their behavior when exposed to sharp

heat, it is difficult to devise a better protec-

tion.

The difficulty above mentioned has hither-

to proved insuperable notwithstanding the

best efforts of those apostles and pioneers

of the air engine—Stirling Ericsson and
others. All the ingenuity expended upon

the designing and construction of regenera-

tors for utilizing to the utmost the heat of

the escaping air, proved unfortunately of no

avail so long as the generator, which was

the mainspring of the whole, to say nothing

of the working cylinder itself, remained

liable to premature destruction.

Mr. George Warsop, of Nottingham, as

the son of an air-gun maker there, was born

with aerial ideas, which, although his only

education was received at a Sunday School,

and he was sent to work at ten years of age,
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he turned that education to such good account

that before he was twenty he had in leisure

moments secretly constructed an air engine.

Later in life it was his privilege, whilst a

working mechanic in New York, during his

engagement with Mr. Ericsson, to observe

the weak points in the system of that highly

gifted and persevering inventor, and after

years of research to supply the deficiencies

by a marvelously simple system of mechan-
ism, which, as far as present experience

goes, promises complete success by means
which, happily for the cause of economy and

progress, are compatible alike with physical

science and mechanical construction.

It is proposed, firstly, to describe these

means ; secondly, to enumerate the carefully

ascertained comparative results which have

followed their application ; lastly, to show
that these results are in accordance with

sound theory.

In the first attempts at practically carry-

ing out the system, the arrangement adopted

was an ordinary high-pressure engine, with

vertical boiler, as used in the midland coun-

ties, where fuel is cheap. An air-pump is

added, which is put in operation by the ac-

tion of the steam engine.

Thus, cold air is taken in by the air-

pump, and is forced on in its compressed
state through an air-pipe, which, in the case

before us, is connected first within the ex-

haust, then in a coiled form down the fun-

nel of the boiler, then past the fire, and
finally past a self-acting clack valve at the

bottom of the boiler into the boiling water

itself, rising naturally through the water,

the air is intercepted and subdivided by
diaphragms of metal gauge. Thus a two-

fold service is rendered by the contact of

the elements, the water becoming aerified

and deprived of its cohesion and prompted
to a free ebullition, whilst the air on rising

above the water is saturated by the steam,

and the two together pass on to their duty

in the cylinder, where saturation assists lu-

brication. The agitation of the water pre-

vents scaling.

The machine thus constructed, but hav-

ing two air-pumps, and with cam motions

applied to the valves as also to the poppet

valves of the working cylinder, gave the fol-

lowing results, results which it must be ad-

mitted were sufficiently discouraging to

have deterred the inventor and his associ-

ates from proceeding further in the matter,

but for their faith in the intrinsic soundness

of the system, and perseverance in carrying
it to a practical issue. The work had to be
done under disadvantages of various kinds,

on inconvenient premises, which centuries
back were a farmhouse standing within the
ancient walls of Nottingham, and until the
protection of the patent laws had been ob-
tained, the original apparatus was carefully

guarded in an unsuspected attic.

The results I proceed to detail:

TABLE NO. I.

Combined Air and Steam Engine.

«J m w

O 5 ° 3

3O -
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.0
t- &

«fc-
t^ . <o

C £> O V *|
B -M

1- 3

S. -O

a 5 ~ 3 O 2*
a IS £

min.
140 4,623 33 • 1S2

fas
o

Steam Engine only.

min.
115 5,1S2 45 204.1 66

It is needful to state that the amount of

air passed in the boiler in a state of com-
pression was considerable, being as much as

43 per cent of the effective cubic contents

of the working cylinder, or consumption of
combined fluid from the boiler. And it ap-

peared pretty certain that the power obtain-

ed by the increase of volume of the air ad-
mitted (due to the treating of it), did not
compensate for the power consumed in work-
ing the two air-pumps which forced it into

the boiler. At the same time the difference

in the useful effect in the two modes of
working did not appear to be so great as the

power required in handling the pumps led

one to suppose it would be. Hence, there

appeared an evidence of a certain latent

gain which needed only development. To
effect this, one of the air-pumps was discard-

ed, and experiments made by means of

waste holes drilled through the walls of the

remaining one to ascertain what proportion

of air admitted to the boiler fully compen-
sated for the cost of compression. And it

was found that about 10 per cent of the

effective consumption of fluid in the work-
ing cylinder gave much more favorable re-

sults. At the same time the cam motions

were discarded, and the air-pump valves left

to their own unaided action. The results

are given in the subjoined table :
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TABLE NO. II.

Combined Air and Steam Engine.

E-

lbs.

340
lbs.

124

mm.
195

3 O

£ E

IS
s o 8*

o

O — a

104.3

lbs.

140
lbs.

1-24

Stea
tniu.

145

n Engine onh

5,942 41 386.9 64

Percentage of gain in work done by combined engine, as
compared with that done by steam only, 42^- per cent.

Here, although a very remarkable relative

eeononiy was apparent, it became obvious,

on consideration, that danger of mistake
would arise in assuming this economy as

absolute, inasmuch as the duty performed,

when contrasted with that obtained from
engines of standard types, actuated by
steam, was manifestly low, and it seemed
probable that, as by judicious improvement
in details, the duty was made to approxi-

mate more closely to fair steam-engine duty,

this relative economy might fall off con-

siderably, inasmuch as there would be less

margin to economize upon.

With the view of testing this point, and
also for the satisfaction of railway engi-

neers, of conducting experiments at loco-

motive pressures, a thorough remodeling of

the whole apparatus was effected. The tap-

pet motions were thrown aside in favor of the

usual slide-valve arrangement, working with

a moderate amount of expansive action.

The former wasteful vertical boiler was dis-

carded in favor of a more economical one,

of the compound or Cornish multi-tubular

description, so as to obtain a better evapo-

rative duty from the coal consumed. The
radiating surfaces of the cylinder pipes were
re-elothed, and the feed-water heated by the

exhaust steam. Instead of exposing the

air-pipe to the direct heat of the furnace, as

in the former case, the air became thorough-

ly heated on its passage from the pump to

the boiler to a temperature of from 500° to

6,000° Fahr., by teing conducted through

suitable coils and pipes through the exhaust

steam in the heater, and the waste heat in

the boiler flues and uptake.

The general arrangement adopted is

shown by the accompanying drawings. The
air is forced by the air-pump through a

tube of ordinary wrought-iron, and of 1\
in. internal diameter, into coils in the re-

generator, which is heated by the exhaust
steam, thence in a straight line to the up-

take, down which it passes through a coil

into the flues beneath the boiler, and through
another coil in the smoke-box, thence back
to the front of the boiler and past the clack

valve, and is led down by an internal bend
to the bottom of the boiler water space,

where it is evenly distributed along the

whole length by a perforated pipe, and the

results are given in the following tables,

Nos. Ill and IV :

TABLE NO. III.

Combined Air and Steam Engine—Even
sure trial.
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, a ,_.

o
X 3 o a

J S
be
c

£
J=

c

3 S O »S
T3
0>

si x
^5

o

a

3

C
£.1

E o 3 V

a o
O
> <D 3 Sh

o <B

o 3 2 — a
to

fcc

'" a To ~
O O ~

ID S
s a £ o o c l<S li

O p % £ O

lbs. lbs. min. nearly
112 120 153 15,433 101 972.55 93f

2*

I
s

lbs.

112

Steam Engine only.
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min.
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34

N. B.—These trials were conducted on the same principle as

that followed by the Royal Agricultural Society, the en-
gine being stopped iii each case when it ceased to perform
90 revolutions per minute.

Percentage or gain in work done by combined engine, ai

compared with that done by steam only, 47 per cent.

TABLE NO. IV.

Combined Air and Steam Engine—Open Valve
trial.
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Steam Engine only.

lbs. lbs. min. 1 ' lbs.

140 120 196 17,825 90.94 1,115.7 112.5 284

Percentage o f gain in work done by combined engine is com-
pared with thatd site by st jam only 27.994 pe r cent.
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The pipe through which the air is forced

into the boiler by the action of the air

pump is of iron, and is 1|^ in. in diameter

outside, and 1^ in. bore. On leaving the

pump the pipe is first led to the heater,

shown on the left of the engraving, wherein
it is exposed to the exhaust steam. The
heater consists, as will be seen, of a cast-

iron cylindrical vessel placed in a vertical

position, and provided with two branches

—

one near the bottom and the other near the

top—through which the exhaust steam re-

spectively enters and escapes from the

casing. At the top of the heater is placed

a small cylindrical tank exposed at the

bottom and sides to the exhaust steam,
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and perforated around the upper part

of the sides., so that in the event of its re-

ceiving an excess of water, the latter may
overflow and fall to the bottom of the heater.

Through a stuffing-box at the bottom of the

tank there passes a tube provided with a

rose at the lower end, this tube being car-

ried by a float, which swims in the water at

the bottom of the heater, as shown, and, by
means of a cord passing from the top of the

tube, works a cork, which regulates the sup-

ply of water to the tank at top of the heater.

The action of this heater will be readily

understood without further explanation, and

we need merely add that it furnishes a

steady supply of hot feed-water at a tempe-

rature of from about 195° to 200°.

The air-pipe, after leaving the heater just

described, passes along the exhaust pipe to the

chimney, and descending the latter spirally,

as shown, passes into the flue beneath the

boiler. Here it is led backwards and for-

wards, as shown in the plan, and after

making several convolutions in the smoke-

box, is led back to the front of the boiler,

where it communicates with a valve-box con-

taining an ordinary light clack-valve. The
object of this valve is to prevent water from

entering the air-pipe when the engine is

stopped. From the valve box a pipe is let

down within the boiler to the bottom of the

latter, this pipe being perforated at inter-

vals on the upper side. The perforations

are placed closer together at the further end
of the pipe than they are at the end at which

the air enters, and by this means an equable

distribution of the air at the different parts

of the boiler is insured.

The lengths of the various portions of the

air-pipe are as follows : In feed-water heater

12 ft. ; in exhaust-pipe 13 ft. 6 in. ; in chim-

ney and flues, including coils in smoke-box
and under boiler, 58 ft. ; total, 83 ft. 6 in.

The total external surface exposed by this

pipe is thus about 36 1 sq. ft.

The principal dimensions of the boiler are

as follows : Length, 8 ft. ; diameter of shell,

3 ft. 6 in. ; diameter of fire-box flue, 2 ft.

2 in. ; length of fire-box and combustion

chamber, 5 ft. ; and length of tubes, 3 ft.

The tubes are 41 in number, most of them
being 2§ in., and some of them 2T

5
g- in. dia-

meter. The total effective heating surface

exposed by the boiler is about 130 sq. ft.

It is right to mention that in all the be-

fore detailed experiments, the " Prony "

brake with the best modern improvements
was used as the measure of useful work

done, and every care taken in the conduct of

these trials to determine accurately the

amount of water evaporated, and the duty
done in useful effect by a given amount of fuel.

Other observations as to temperature, in-

dicator diagrams for determining the cost of

the air compression in proportion to the

power developed, and various useful notes

were obtained, which it would be out of

place to recapitulate here at length, but all

these details are at the disposal of the As-
sociation, or any scientific persons interest-

ed in the subject.

Professor Tyndall has volunteered to in-

vestigate the scientific bearings of the results

which have been personally observed in Not-
tingham by that accomplished amateur engi-

neer, Lord Richard Grosvenor, and by other

engineers, several of whom have already

applied to be licensed to make.
It remains to submit to your considera-

tion the theory of our system. We have
here a machine which, when worked as an
ordinary steam engine and boiler, performs

as respectably in its brake duty as an aver-

age well-constructed commercial engine, not

designed to work with a high rate of ex-

pansion, and we find that the addition of the

pneumatic arrangements considerably en-

hances the amount of its useful duty.

I et us now endeavor to ascertain in what
manner the gain in question arises, premis-

ing that the following condition of things

can exist only in theory. Suppose a boiler

to be theoretically perfect, wasting no heat,

and its feed level maintained only just con-

stant, the quantity of water evaporated

being infinitely small, and friction of all

kinds to be eliminated in the machinery.

Then the power required in compressing any

given amount of air at atmospheric density

will be recouped by the power generated by
the re-expansion of the air so condensed,

action and re-action being equal.

Let us now ascertain the cost of obtain-

ing a given quantity of steam at a given

pressure, as compared with the like quantity

of air at the like pressure, and for the sake

of example we will take 150 c. ft. in each

case at 60 lbs. pressure per square inch in

gauge. Here the relative volume of the

steam to the water which generated would

be in the case of 60 lbs. pressure (307°

Fahr., about) =355 to 1, according to Reg-
nault. And it follows that the 150 c. ft. of

steam under consideration was generated

from 1.355th of its volume of water origin-

ally, or .422 c. ft.
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The weight of one cubic foot of water

being 62.32 lbs., the weight of .422 c. ft.

would be 26.3 lbs. Now, to raise 1 lb. of

water from 62° Fahr. to 212°, or through
150°, requires 150 heat units ; to convert it

from water at 212° into steam at any pres-

sure, 966 heat units ; total gross units,

1,116 ; and as the conversion thus of 1 lb.

of water requires 1,116 heat units, it would
follow that the conversion of 26.3 lbs. of

ditto would require 29.350 heat units, which
is the cost of obtaining 150 c. ft. of steam

at 60 lbs. pressure. In the case of the air,

500 e. ft. of atmospheric density and tem-
perature, 62° would, by Mariotte and Du-
long's law, be transformed into 100 c. ft. at

60 lbs. per sq. in. on gauge, supposing the

temperature remained unchanged. But
this 500 e. ft. of atmospheric air is, by the

combined agency of the increase of tempe-

rature, due to compression and the applica-

tion of artificial heat in some form brought
from its original temperature of 62° up to

that of the boiler, viz : (that due to 60 lbs.

pressure,) 307° ; in other words, through
245° Fahr. Now, the weight of 500 c. ft.

of atmospheric air = 38.05 lbs., that of 1 c.

ft. at atmospheric density and 62° tempera-

ture being = .761 lbs., according to Reg-
nault's experiments. And we have seen

that this 500 ft. at atmospheric density, and
62° temperature, is equivalent in value to

100 c. ft. at 60 lbs. pressure and the like

temperature, the weight therefore would be

alike = 38.05 lbs.

The increase of volume from 100 c. ft.

due to the increase of temperature from 62°

to 307°, or through 245° would be, accord-

ing to the general formula applicable to the

expansion of gases, about 50 per cent, or, say

roughly, as the volume would increasel-480th

of its bulk for each degree Fahr. increase

of temperature ; for 245° increase, the ori-

ginal bulk, 100 c. ft., would be increased

245-480ths, which is about 50 per cent, the

original 100 e. ft at 60 lbs. pressure per

square inch now becoming 150 at the like

pressure, and this weighing 30.05 lbs. The
number of units of heat which will be con-

sumed in raising the temperature of this

38.05 lbs. of air from 62° to 307°, or

through 245°, the pressure remaining con-

stant and the volume variable, as above de-

scribed, will, according to Regnault, bear

the same to that which would raise the same
weight of water through the same amount,
as 238 to 1.

38.05 lbs. X .238 X.245° range through

which raised = 2,218.69 heat units, which is

the cost of obtaining 150 c. ft. of air at 60
lbs. pressure, as compared with the 29,350
heat units before mentioned in the case of

the like quantity of steam, a very striking

and remarkable difference. Both these 150
c. ft. are capable, when worked in a cylinder,

of generating the same motive force, and
are alike capable of being worked ex-

pansively, but it is an important consi-

deration whether the loss in working the air

expansively would not be greater, owing to

its more rapid radiation and loss of heat

and consequent loss of volume and pressure.

A further series of experiments are about

being made with the view of ascertaining

the results due to working at higher pres-

sure and rates of expansion, and here thor-

ough jacketing and maintenance of the tem-

perature of the working cylinder will doubt-

less prove most valuable.

Such a theoretical gain, viz : about 13 to

1, is evidently vastly far from being realized

in the experimental engine, seeing that only

about 13 per cent of the whole cylinder con-

sumption in the last experiment is passed

into the boiler (in place of 100 per cent, as

in the investigation above given), the re-

mainder being supplied by the steam gene-

rated, thus 13 per cent air -j- 87 per cent

steam ; and we must look to other causes, in

addition to the above, to account for the

economy realized in practice. It is con-

ceived that it is to the injection of air into

the boiler that this may mainly be referred

for the following reasons. When steam is

ordinarily raised from water, the heat ex-

pended is consumed partly in overcoming

the cohesion of its particles, and in creating

steam room for the vapor raised, and, fur-

ther, in promoting the circulation of the

water itself in the boiler. In all of these

operations work is done, and the injection

of the air accomplishes practically the work
which, under the above mentioned circum-

stances, would have to be done by the heat,

a much more intense and rapid circulation

of the water is achieved, and the rapid

ebullition and giving off of steam bubbles

is greatly promoted. Further, the air enters

at a high temperature, and its direct action

upon the water is equivalent to an increase

of evaporative surface, all the more efficient

from being direct instead of communicated
by the conductive power of metal plates. It

is to be regretted that some more certain

method than the usual high grade thermo-

meter has not yet been devised and applied
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for, measuring the temperature of the in-

coming air, which is the best absorbent of

waste heat in the boiler flues, which can

well be devised, and, according to present

experience, a very perfect agent in trans-

mitting it into mechanical force. In short,

the change of condition which occurs in the

boiler immediately on the admission of air

may be best realized by imagining the tubes

and tube-plates to be suddenly removed and
replaced by an indefinitely large number of

tubes of infinitely small diameter, permeating

the water and increasing the ebullition and
disengagement of vapor bubbles by an agi-

tation almost mechanical.

An experiment, which has been repeated-

ly made, goes far to confirm this view. Let

the engine be running under steam, the

pressure gauge rapidly falling, with the fire

fast dying out, the putting the air-pump in

gear will cause the gauge to mount several

pounds in the course of a few minutes, and

there continue for a considerable time, the

engine meanwhile continuing to work as be-

fore, after checking a moment or two on

first feeling the increased resistance due to

putting the air-pump in action. And this

result evidently shows that the evaporative

duty of the boiler is increased immediately

on the admission of the air, and irrespective

of the state of the fire—a state of things

which is consistent with the foregoing ex-

planation, and, indeed, scarcely susceptible

of any other.

Even did time permit, this possibly is not

a fitting occasion for more than a passing

glance at the social or commercial bearings

of this discovery. As our navy and Gov-
ernment workshops can thereby be coaled at

far less cost than hitherto, taxation may be

reduced. Agriculture will be an immense
gainer in the impulse given to steam culti-

vation in all its branches, no trifling con-

sideration in view of the fact that in the

month of May last one English firm turned

out 102 portable engines. Manufactures of

all kinds, where steam-power is used, will

be cheapened, the sailing vessels of our

mercantile marine will be rapidly transferred

into auxiliary steamers able to traverse the

Suez canal and the Red Sea, towards which
all eyes are now turned. Communication
with all parts of the world will be cheapen-

ed and facilitated. There are good grounds

for expecting that railway dividends will

improve. It is estimated, by way of ex-

ample, that the Metropolitan line would
save £6,000 per annum in fuel and water,

whilst the ventilation of its tunnels would
be improved, and the additional power,
gained at a trifling outlay, would enable
each engine to draw two more carriages than
at present. Our mines, our water-works,
our drainage operations, and our quarries
will share in the general gain. Our me-
chanics, now quitting, with weeping eyes
and aching hearts, the land of their nativ-

ity, because they have no work, will have
enough and to spare, through the impulse
given to the construction of new engines
and the adaptation of old ones. Nor will

the colliery-owner suffer, as is proved by the

cordial satisfaction already expressed in that

direction.

Opportunely does this discovery come in

1869, the centenary of the steam-engine.

A writer, in a recent number of that valu-

able paper, the "Economist," remarks that

"a single improvement, to save 10 per cent

in fuel for the steam-engine, would probably

add more absolutely to the real wealth of

this generation than the invention of the

steam-engine itself added to the real wealth

of the generation in which it was invented."

After years of anxious research we now
possess such an improvement, but of greater

value. We are thankful for the opportunity

of doing good in our day and generation.

THE REMOVAL OF SILICON FROM PIG

IRON.

Abstract of a paper read by Mr. J. Palmer Budd,
before the Iron and Steel Institute.

In the Welsh ironworks, the pig iron is

principally white. The whole of the forge

cinder made is put on the blast-furnaces

;

and cinder in large quantities is purchased

in addition from the tin plate and other

neighboring forges. A large admixture of

Lancashire and Cumberland and other he-

matite ores is put on the furnaces as a cor-

rective. The furnaces are driven hard ; and
the white is of course inclined to be sulphu-

ry. The plan of working is to refine, be-

fore puddling, from a half to a third of the

white in refineries placed before the blast-

furnaces, potting the iron into them. The
yield of these fineries from molten iron is

about 23 cwt. of pig or cast iron to the ton

of refined metal ; the consumption of coke

is 5 or 6 cwt. to the ton; and the total ex-

pense of the refinery process from 10s. to

15s. a ton. In some works the puddling

furnaces have one-half white pig and one-

half refined iron ; in others, the proportion
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is one-third refined metal, one-third white

pig, and one-third mine pig, made without

cinder from argillaceous mines and hematite

ores. Soft Lancashire ore is freely allowed

for fettling the puddling furnaces. The
popular notion is, that the white iron is de-

carbonized in the refinery process, and freed

from sulphur and phosphorus. Messrs.

Crace Calvert, and It. Johnson, Dr. Percy,

and other authorities, have shown conclu-

sively that this popular notion is unfounded.

They have proved that all cast iron contains

a notable proportion of silicon varying from

1 to 6 per cent (the grayer the iron the

greater the proportion of silicon), which is

reduced in the blast-furnace, and combined
with the iron from its earthy base, silica.

—

It is silicon which imparts its casting pro-

perty to pig iron; when removed, cast iron

is only semi-fluid, although it may retain all

or nearly all its carbon. From its greater

affinity for oxygen than carbon, silicon pro-

tects the carbon in pig iron from the action

of oxygen ; even when it is present in the

small proportion of 1.500 per cent no carbon

is burnt off. Silicon is, in many of its pro-

perties, very analogous to carbon ; and the

refining process instead of being called a

decarbonizing, might be better described as

a desiliconizing of the iron. Now, the pro-

cess he had invented desiliconized the iron

as tapped from the blast-furnace without

wasting the iron, and without any extra ex-

pense whatever beyond the usual cost of the

pig ; nay more, it was more economical to

make than pig iron. The process must
therefore revolutionize the present practice

in the iron trade. His usual mode of pro-

ceeding was to place a series of iron moulds

similar to those used before a refinery, as

near as convenient to the top hole of the

blast-furnace. He made a paste by mois-

tening with water soft hematite ore, which,

if gritty, is previously ground, and he threw

a bucketful, containing about 60 lbs., into

the mould in a semi-liquid state, and spread

it evenly on the bottom and sides. The
mould being quite hot from the previous

cast, dries the paste, which adheres to the

bottom. He then pots as much iron as is

required from the blast-furnace, and allows

it to run over and fill the moulds to the depth

of three and a half to four inches. A great

ebullition took place
;
jets of flame of a pe-

culiarly white color burn on the surface,

which he assumed to be the combustion of

silicon in the oxygen abstracted from the

hematite. It was proved by repeated ana-

lysis that whilst the silicon was 1 per
cent in the white cast iron, it is reduced by
this simple process to .200 to .300 per cent,

or from 1 per cent to l-500th, a cinder is

thrown up containing silicon, some phospho-
rus, and sulphur. The carbon is hardly at

all removed. The appearance of the iron

after the process is that of refined metal.

—

For want of a sufficient upward impulsive

force, a good deal of the scoriae, although

chemically separated in the process from the

iron, is not removed from it mechanically,

but is mixed with the refined metal; and,

on remelting in a puddling furnace, forms a

protecting slag. The cost of the process is

nil, as the iron contained in the hematite is

reduced, and adheres as cast iron to the bot-

tom of the iron in the mould. There is no
sand or coke dust used; and the refined iron

goes clean into the puddling furnace. The
yield in puddling is, that of refined iron,

about 21 cwt. to the ton of puddled bars.

—

The puddlers like to have one or two pigs of

white, with the metal so refined, as they say

it works more " liquory "—showing that

when the silicon remaining is only .200 or

.300 per cent, the charge does not possess

the necessary fluidity. The puddling fur-

nace keeps longer in repair ; no other fet-

tling is used ; and hammer slack and the

former allowance of shearings to make scrap

balls has been discontinued. The men do

more regular work ; and, like the refined

iron, the yields are larger. The puddled
iron is of an improved quality, and much
liked in the rail mills. The second process

was the same as the first, only that he mix-

ed two-fifths by weight and half by bulk of

nitrate of soda with the hematite ore, which
is formed into a paste, and applied in the

same way. With this mixture, the ebulli-

tion is greater ; the flame is of a yellowish

color—showing the ignition of some of the

soda. The cinder is thrown up and out of

the iron, over which it forms a crust, which
can be separated when cold. The iron has

a cellular and honey-combed fracture, like

metal much over-blown. The scorias con-

tain sulphur, phosphorus, silica and soda.

The iron works drier and cleaner, and to a

better yield than that made by process num-
ber one, but should have about one-third of

gray pig added to make a very clean and

rough iron. The only cost of the process is

the nitrate, which in the proportion named
comes to about 4s. per ton at its present high

price. The saving by the process was very

considerable, and it was not confined to
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white iron, though it was then most effica-

cious. The author added :
" In my opinion,

the money value of my invention to the iron

trade will be enormous
;
greater, perhaps,

than that arising from the use of the blast-

furnace gases, said to be a £1,000,000 a

year, and which I first introduced into this

country and made known to the iron trade

at the meeting of the British Association

held at Swansea, in 1849."

ASPHALTED SURFACES.
From the "Mechanics' Magazine."

A mixture of the ordinary coal gas tar

and common gravel constitutes nine-tenths

of the so-called asphalte, and it is no

wonder, when the spurious article is passed

off for the genuine, that the latter suffers in

the estimation of the public, and many re-

fuse to believe in the durability and efficiency

of an asphalted surface. This is the na-

tural result of the very cheap and very bad

footpaths and platforms that have been

laid down in numerous localities and com-

posed of the ingredients referred to. A
surface thus constructed will, in spite of the

imperfect nature of its components, if the

formation of it be carefully attended to exist

for a time in a smooth and apparently sound

condition. This appearance is, however,

deceptive. The influence of wear and tear,

combined with the action of wet, speedily

produces hollows and irregularities, cracks

and crevices extend their ramifications in

every direction, and the opposite effects of

heat and cold are equally active in the work
of disintegration and destruction. The one

renders it sticky in summer, and the other

brittle in winter ; the whole mass soon

breaks up and has to be removed, to the loss

and disgust of those who laid it down, and

who register a vow never to employ " as-

phalte" again for any purpose whatever. If

we now consider the difference between the

spurious and genuine articles, it will not be

surprising that the former has no claims to

the title that belongs properly to the latter.

Instead of being the hasty result of a mix-

ture of tar and sand or gravel, the genuine

asphalte has a very different composition.

Its chief ingredient is derived from a natural

production, drawn from foreign quarries, or

mines as they are generally termed. At
present, there are very few of these mines,

of which the best known is probably that of

Pyrimont. The raw material arrives in the

form of dark-colored amorphous lumps con-

taining a large proportion of bitumen, which
is extracted by the employment of suitable

mechanical means. One of the principal

components of bitumen, according to the

nomenclature of M. Boisingault, is the sub-

stance asphaltene. It has a chemical com-
position represented by the formula C

20
H

18

3 , and we recommend it to those whom it

may concern as an excellent name whereby
to distinguish the genuine from the spurious

article. When it is kept in view that, in

order to obtain a material fit for manufactur-
ing asphalte as it ought to be made, it is

necessary to import the chief ingredient from
Italy, it is evident at a glance that there

will be a wide difference in the price of the

foreign and the home production. As the

price, so is the quality. A permanency and
durability are obtained by the use of the

extracted bitumen which cannot be expected
from the wretched stuff prepared from the

ingredients to which we have alluded. At
the same time, it is equally necessary to

ensure good and sound workmanship in the

laying down of asphalte as to provide the

best materials. There is a company which
has portable machinery, especially designed

and constructed for this purpose, which allows

of a large area being covered in a compara-
tively short space of time. As we have de-

precated the use of bad and inferior asphalte

as exceedingly deceptive to the public, and
prejudicial to the prospects of the only

proper substance, it is but fair to give a few

instances where the latter may be seen and
its value appreciated. One of these is, in

the words of Mr. Hepworth Dixon, " Her
Majesty's Tower." Most of the footpaths,

and some portions of the roof, have been

laid for some years past with Pyrimont as-

phalte, and yet present no signs of deteriora-

tion. The roof of the new prison at

Holloway, and the extensive footpaths

around the fountains in Trafalgar-square,

are other examples.

According to the climate and the purposes

for which it may be intended, so can the

composition and character of asphalte be

varied. From its nature, it must always

possess some little elasticity, even when that

quality is required to be reduced to a

minimum. This is one of its properties,

which is frequently of considerable ad-

vantage. It renders it exceedingly valuable

as a "damp " course in buildings, and much
superior to slates, tiles, concrete, or other

hard and unyielding substances. Considering

them all on a par with respect to water-proof
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qualities, the asphalte alone possesses the

capability of yielding to any local pressure.

Consequently, if any portion of the founda-

tion settle, the slates, tiles, or other hard

substances at once break across, and the

watertight continuity is destroyed. The
asphalte, on the contrary, adapts itself to

the settlement of the foundations, and
preserves the water-proof layer intact.

Any one who has walked over a large

area of properly executed asphalte cannot

fail to ask himself the question, whether
its application could not be extended

to road and street traffic. There is no
doubt but that the substitution of asphalte

for granite or macadam would be hailed

with ecstatic delight by the riders of

bicycles. What a road to run on ! A por-

tion of Threadneedle-street has within the

last nine months been laid down with as-

phalte, but upon a different principle to that

upon which footpaths are constructed. Some
time must elapse before it will be possible

to judge of the suitability of this surface for

the severe tax made upon its powers of re-

sistance and durability by the exigencies of

our metropolitan traffic. There is another

situation for which an asphalted surface ap-

pears to be well adapted, and in which its

property of elasticity can be advantageously

brought into play. It is in the case where
it is necessary to form a footpath on made
ground. The most extensive example of

this kind is probably to be found in the foot

thoroughfares of the Thames Embankment,
and any one who is in the habit of travers-

ing that on the north side cannot fail to per-

ceive how badly the paving flags adapt them-

selves to the irregularities caused by the

"giving" of the ground underneath. A
very slight subsidence, which would be

scarcely appreciable under ordinary circum-

stances, is quite sufficient to destroy the

evenness of a flagged footway. As it is,

many of the flags are disturbed to an extent

which throws up one end fully an inch above

its neighbor, and imparts a very jagged ap-

pearance to the surface. Taking them up
and relaying them is the remedy, but how
often this remedy will have to be repeated

it is impossible to assert, for railway ex-

perience has demonstrated that it frequently

requires a long time for a heavy embankment
to settle permanently to its "bearings." In

pointing out the manner in which paving
flags behave under the conditions in question

it is not intended to assert that they ought
to be replaced wholesale by an asphalted sur-

face, but had a small portion of the Em-
bankment been covered by the latter sub-
stance, the relative merits of the two
descriptions of paths would have been fair-

ly and impartially tested. The principle of

giving every method of executing any par-

ticular description of work a fair trial is one
that needs urgent adoption by the various

branches of our civil and military depart-

ments. By every method is signified every
one that possesses manifest claims to con-

sideration, and does not, of course, include

the mere ideas of inventors, or hobbies of

patentees which are destitute of all practical

utility. But, when an individual or a com-
pany is willing to test, solely at their own
expense, any plan they consider likely to

effectually accomplish any desired object,

they ought to be allowed to have an oppor-

tunity of so doing. It might be urged that

the public ought not to be put to any incon-

venience with respect to interruption of the

ordinary traffic, supposing the trial concern-

ed the taking up of any part of a street or

thoroughfare. What with gas and water

companies who are perpetually breaking up
the streets, the public is pretty well used to

such inconveniences. Moreover, as the

object of all proposed improvements is to

benefit the public, the end fully justifies the

means. There are undoubtedly many valu-

able inventions totally lost to us solely be-

cause we never permitted them to be fairly

and dispassionately investigated, and their

practical merits submitted to the crucial

test of actual experience.

SIEMENS' REGENERATIVE FURNACES.

Abstract of paper read by Mr. Josiah T. Smith
before the Iron and Steel Institute.

Although, the writer said, this subject

had been brought before various societies

since 1862 by some of the most eminent men
of the day, and for many years had been in

extensive and successful operation in various

processes connected with manufactures, both

at home and abroad, it had, with very few

exceptions, not been adopted in the iron and
steel works of Great Britain. It was pos-

sible, however, that in a few years those dis-

tricts which contained large quantities of

inferior coal or fine slack, without sufficient

bituminous principle to make it available for

cooking purposes, would find that they pos-

sessed, by means of the above invention, the

opportunity of supplying their requirements

from such sources. While in this country
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it was probable that coal would exclusively

be used to produce the gaseous fuel requir-

ed for the regenerative furnace, in France,

Belgium, and Spain they merely used wood ;

in Grermany lignite, asclpeat in Italy. It

was believed that the first idea of storing

waste heat to be used at intervals was due

to Dr. Stirling, of Dundee, who, in 1817,

patented the regenerator or heat accumula-

tor, and subsequently applied it to his

caloric engine. Captain Ericsson, in 1851,

also used a kind of regenerator to his air

eugine ; but Siemens had previously, in the

years 1817-8-9, taken out patents for his re-

generative steam engine and condenser.

None of these inventions ever came into

extensive practice, and not till 1862 did the

discovery really assume a shape which was

at all attractive. The invention might be

generally described as requiring a producer

—for the volatilization of coal, wood, peat,

and such like products into gases—which

might be erected at any practicable distance

from the furnaces to which they were to be

applied ; while a regenerator, divided into

four compartments filled with loose fire-

bricks, had to be placed under the furnaces.

These regenerators were simply fire-brick

chambers divided into four compartments,

one on each side for the passage of gas, and
two in the centre for air, with generally five

ports at each end communicating with the

furnaces above. The chambers were filled

with fire-bricks placed in a chequered man-
ner, and while the upper portion had to be

of the best quality, those beneath would
answer if they were of the most inferior de-

scription. The chemical action which took

place in the producers was described by Mr.
Siemens in his lecture before the Chemical
Society as follows: "Air is admitted

at the grate and as it rises slowly through

the ignited mass, the carbonic acid first

formed by the combinationof the oxygen
with the carbon of the fuel takes up
an additional equivalent of carbon form-

ing carbonic oxide, which, diluted by
the inert nitrogen of the air, and by
a little unreduced carbonic acid, and mixed
with the gases and vapors distilled from the

raw fuel during its gradual descent towards

the grate, is led ofi" by the gas tubes to the

furnaces." The temperature of the gas at

the junction of the upcasts with the tubes

was 1,250 to 1,300 degrees Fahrenheit, a

rather higher point than had yet been notic-

ed. Before it had traveled 200 ft. in the

tube, with an external atmosphere of 60

degrees, the temperature was reduced to

about 130 degrees. He had himself been
unable to ascertain the exact quantity of

heat lost by radiation in the interval, but
the experiments, although not complete,

were sufficient to show that the quantity was
so small that at present he could see no way
of economically applying it. This lowering

of the temperature and condensation of the

gases was of advantage in many respects.

The gas being heavier, caused, in its transit

through the tubes and the various downcasts,

a syphon action ; and thus not only drew the

gas from the producers to the furnaces, but,

by keeping up a slight outward pressure,

prevented the admission of air through any
crevice in the tubes or the expansion boxes.

It also deposited the tar from the coals into

a series of wells beneath ; while the water
in the fuel was also condensed, and thus

prevented from causing a waste of metal by
introducing a too great supply of oxygen
into the furnaces. After noticing more in

detail the application and effect of the gases,

Mr. Smith added that for many months each
producer at Barrow had volatilized 3 tons of

coal per 24 hours, and that the greatest

economy effected was when the consumption
had not exceeded 50 cwt. Estimating the

weight of one cubic foot of gas at the ord-

inary temperature of thin air to be .075 lbs.,

the volume of carbonic oxide, hydrocarbon,
and hydrogen, from one ton of coal would
be about 53,000 ft. ; and the volume of

nitrogen about 122,000 ft., or making to-

gether a total of 175,943 ft. The consump-
tion of coal in the producers at Barrow be-

ing 500 tons per week, it gave an amount of

gas passing through the tubes at the rate of

6^ ft. per second, of 87,000,000 cubic feet

;

or through the various furnaces, adding the

quantity of air there admitted, of 6,600

tons. The saving of fuel by this pro-

cess at Barrow was, over a period of

two years, no less than 44 per cent ; but

the actual money saving, by the use of a

particular kind of coal, had been more than

one-half. The yield of the gas furnaces, taken

over the same period, showed a saving of 31

per cent as compared with the work at the

firing furnaces, and the amount of repairs

was just two-thirds of the old cost. In
these three particulars was undoubtedly to

be found the chief economy; but the adop-

tion of the system enabled them to preserve

greater cleanliness and order in their works,

and an entire absence of smoke met a dif-

ficulty which in the neighborhood of large
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towns, was every year becoming a greater

grievance. There was, he admitted, a slight-

ly increased outlay on the plant ; but taking

into consideration the increased capabilities

as to quantity, it would be found to repres-

ent the difference in cost between the two
systems.

RAILWAY WORKING.
From "Engineering."

A given line of railway has, say, 5,000

passengers, on the average to be carried

daily. Whatever pair of factors of this

number be taken, one represents the number
of passengers per train. There may be ten

trains with five hundred passengers in each,

or five hundred trains with ten passengers in

each ; or, intermediately, fifty trains with

one hundred passengers in each. As for

" railway economy" there can be no question

as to which of these three divisions of daily

traflic would best pay the shareholders, but

it is equally clear that the ten trains, of five

hundred passengers each, would not suit the

imperative requirements of public conveni-

ence. The passenger wishes to hail a train

much as he would hail a cab. Nothing would
suit him better than to have it all to himself,

or to himself and his friends. So there

must be a compromise somewhere. It will

neither do to run a train, or even a special

carriage, for every passenger who has an im-

portant engagement, and who must, or thinks

he must, be off at once, nor will it do to keep

equally impatient passengers waiting for even

an hour so that five hundred may be packed

off together. Somebody has put forth a

pamphlet, from the manager's and share-

holder's point of view, arguing that fewer

and better filled passenger trains are essen-

tial to the recovery of railway property.

The Times comes down promptly upon it,

arguing, in substance, but with perhaps less

force, that passengers must have trains in

waiting for them whenever they happen to

want them, and that if A finds it necessary

or convenient to go at 11 a.m., B has aright

to a train for himself at 11.5 or 11.10, and

C, if not prepared to go with either, should

have his train at 11.15 or 11.20. To all this

we heartily agree, merely premising that A,
B, and C should respectively pay for their

special trains, or club the cost with their

friends, desiring to enjoy their society en

route. It is not, of course, the business of

a railway company to provide passengers for

every train, but conveyance merely. The

passengers must come or stay away, as they
choose.

But without pursuing this line of thought,

it is almost needless to say that the present

system of railway rolling stock is designed
for long, well-filled, and, therefore, heavy
trains, and this merely because such trains

must occasionally, although not often, be
taken. The resources of a railway company
must never break down, and the engine which
draws its six carriages for twenty-five out of

twenty-six week days in a month must be
able to manage twenty or thirty at nearly

the same speed on the single remaining day
of the calendar. It might be supposed that

two engines could be employed for the long
train, or that the train might be broken in

two, with an engine to each half. But this

is not the custom.

Cannot frequency of trains, however, and
corresponding public convenience, be attain-

ed with rolling stock especially adapted for

a given service, meaning by " service " the

conveyance of a definite maximum number
of passengers at a given speed ? If one

hundred passengers are to be taken they may
as well be taken in one as in three or four

carriages, although it is not to be forgotten

that, with three classes, the twenty-four first

class, the thirty seconds, and the forty thirds

may not arrive in the exact order to which
the wisdom and liberal provision of the de-

signer and carriage builder may have design-

ed them. There may be forty firsts, twenty

seconds, and no thirds ; or, possibly, no firsts

at all, ten seconds, and a hundred and sixty

thirds. If we could but arrive at the demo-
cratic equality of the American carriages

—

not that any one wishes it—we might manage
the whole hundred of the company within as

many seats.

But, taking our ideal, if, indeed, it be not

a fair average real train, we should require

ten compartments, if not eleven, and, if we
say ten, between 50 ft. and 55 ft. in length

for the compartments alone. As compart-

ments, filled with passengers, they would not

weigh beyond 15 tons—of course, irrespec-

tive of the springs, axle guards, axles, and
wheels beneath. Now, what power is re-

quisite to draw this weight, say upon aver-

age gradients of 1 in 100 to 1 in 200 ? The
least calculation will show the power to be

so small that a " modern " locomotive looks

abominably huge and heavy in comparison.

Upon the double bogie plan the ten compart-

ments may readily be comprised within a

single carriage, and at one end, at least, the



VAN NOSTRAND'S ENGINEERING MAGAZINE. 1121

carriage would be supported upon the engine

(Fairlie's plan), leaving only a four wheel or

six wheel bogie to support the other end, a

bogie weighing, perhaps, three tons. The
engine, proper, would then require to be of

such power as would draw 18 tons only in

addition to its own weight. Upon gradients

of from 1 in 250 to 1 in 100, this weight, at

30 miles an hour, would involve a tractive

resistance of but from 480 lbs. to 920 lbs.

It is evident, from the very extent of these

resistances, that a tank engine of ten tons'

weight would be sufficiently strong to over-

come them as well as its own resistance, or,

say, 28 tons in all, giving an average resist-

ance on gradients of, say, 1 in 140, amount-
ing to less than 1,000 lbs., which, at 30 miles

an hour, would correspond to 80 horse power.
With a pair of 9 in. cylinders, 15 in. stroke,

and four coupled 5 ft. wheels, this resistance

would require a mean effective pressure of a

little less than 50 lbs. per square inch upon
the pistons throughout their strokes, while
upon a level the necessary pressure would
be less than 25 lbs., and the horse power
hardly 40, equal to which a good 12 horse
(nominal) portable engine is often made to

work. Now, with an ordinary 22 ton engine
and tender, weighing in all oL> tons—such an
engine as is very commonly employed upon
light trains, having, say, 14 in. cylinders,

18 in. stroke, and 5 ft. driving wheels—its

own resistance at 30 miles an hour on a level

is not less than 720 lbs. requiring 12 lbs.

mean effective pressure per square inch upon
pistons of nearly twice the area assumed for

the steam carriage. The engine and tender,

or even the tank engine commonly employed
upon light traffic lines weighs, on the aver-

age, as much as the train drawn, often, in-

deed, even more.

It need hardly be said that the resistances

of engines and trains have been established

by numberless experiments, that the resist-

ance due to any given weight is therefore

readily calculable, that it is always in pro-
portion to the weight, and that the cost of
working, and especially wear and tear, are
in proportion to the resistance. AVith a given
line, then, power can be economized and
wear and tear lessened only by keeping down
the weight, and why engineers should insist

as they do in keeping it up we cannot explain.
With the bogie, at each end, the single lon^
carriage can be made much lighter than
shorter carriages seating the same number of
passengers, each carriage having its two ends,
its buffers, etc. The steam carriage we have
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spoken of runs upon eight wheels, with not

more than 3-| or 4 tons each on even the

driving wheels, whereas the ordinary " train,"

to accommodate the same number of passen-

gers, would have from 22 to 26 wheels with

a maximum load of at least 5 tons on each

driving wheel. The long single carriage

would be unquestionably the easier of motion,

and it has been demonstrated beyond all

question by the experiments at Hatcham
that it can be safely backed at twenty miles

an hour around curves of no more than 50 ft.

radius.

We should be sorry to believe in the truth

of the charge, so often made, that railway

managers and engineers are disposed to set

their faces against all improvements out of

which they are likely to make nothing for

themselves. But we often regret that the

salaries of these officers are not more gener-

ally made partly dependent upon the econo-

mies which they may effect. As it is, the

general manager in the receipt of a fixed

salary of from £2,000 to £5,000 a year, and
the locomotive superintendent in receipt, ac-

cording to position, of from £800. to £5,000
(and there is one case where the latter sum
is paid), do not much care to be bothered.

And so shareholders lose, and those who
would do them real service are, to employ a

serviceable phrase, " left out in the cold."

But we have hopes still left, and we must
find other reasons, possibly less disinterested

to the gentlemen in question, if they persist

much longer in willful ignorance of what not

only may be but actually has been done in

the direction we have pointed out.

STIFFNESS OF THE ROPE.
Written for Van Hostrand's Magazine by Capt. A.

Hill, C. E.

On bending a rope over an axle or a pul-

ley, a certain amount of resistance is en-

countered. This resistance is called the

stiffness of the rope. To ascertain by ex-

periment the amount of this resistance,

ropes may be bent around cylinders, which
are then allowed to roll on a horizontal

plane. The difference in the weights which

are suspended on both rope-ends, and which
produce a slow rolling motion, will, after

subtracting the rolling friction, give the

amount of this resistance, or determine'

what is called the stiffness of the rope.

After these experiments, which, however,,

must not be considered final, the resistance-

offered through the stiffness of the rope,,

may be expressed by the formula
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6 = k V
Q,

in which Q represents the tension of the

rope, r the radius of the cylinder increased

by one half the thicknes of the rope, d the

diameter of the rope, and k a co-efficient

obtained by experience. For the metric

system k = 18.

Tarred ropes have always a greater stiff-

ness than untarred ones. Wet ropes, if

thin, show a greater, if thick, a less flexi-

bility, other circumstances being equal.

After the previous formula, a rope of two
centimeter diameter, bent over a cylinder of

four decimeter radius, stretched by a weight
of 1,000 kilogrammes, shows a resistance

from stiffness of about 18 kilogrammes. A
similar result is obtained when a chain is

wound round a cylinder. In this case,

especially on winding and unwinding, the

resistance is occasioned by the friction of

the several links. The force necessary to

overcome the resistance may approximately

be called '— Q, in which d is the diameter
r

of the iron in the links, //. the co-efficient of

sliding friction, r the radius of the cylinder

increased by one half the diameter of the

links, and Q the suspend-

ed weight.

Over a fixed pulley A
a rope is bent, on the ver-

tical ends of which the

forces P and Q are sus-

pended.

How great must P be-

come in order to balance

Q and all resistance ?

Let r be the radius of

the pulley increased by
one half the diameter of

the rope, g the radius of

the pin, d diameter of the

rope, W the weight of the Wq
pulley, the rope and the"
pin. then will

Pr= Q(r + kd*)-\-fig(P +
whence

r—n g I ' r -

Take for example, r =
028; »-="0.1; g = 0,

= 5 kil

+W

q(
? c

12; d =
;

m

01 ; Q = 200 kil.; W
.
then will P = 224.21 kil.

Round the movable pulley A, on the pin

of which the weight Q is suspended, a rope

is bent. How large must the force P be-

come in order to balance Q and all resist-

Using the same letters

for the same quantities,

the equation becomes
now
Pr = (r+H!

) (Q + Wtf
-P)+/^Q,

whence

P = r+ kP+ ps
2 r -f- fc da

p. r -j- k d'\vX ^ + 27+7R"2

And substituting the

same values as above, we
obtain here P = 116.7 kil.

To find P for a system
of movable pulleys, when
the directions of the rope

ends are vertical, and the radii and weights

of all the pulleys are equal.

Let tjj, |(> , ip
s

. . . . ipa
indicate the ten.

sions of the succes-

sive rope ends,

put

2 r -f k <5'J

2r-f-fc(5
3

Then will

$ = a Q-f C W
"Q + W(a + 1

Q + C W (a
a

-f a

=VQ-f C M
m.

But P =

rn
\ r— fxi- }

W { ^\ and making (\r—n g)
° \ r— /ig

^'and-^-^C 1

r—ji g

we obtain at once

Finally, to find P for a system of fixed

and movable pulleys, under the supposition

that the fixed and movable pulleys are cor-

responding in size and equal in weight.

Using the same notations as before, we

have

in which i/>
l5

ibv i/>
8

. . . . Vu represent the

C'W.
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successive tensions of the

rope, beginning with the

fixed end. From (a) we
obtain

r 3 y-!
r — ^ £

or making

r-\-fi c

ip
2
= a ,

ip
1
, and hence

^3 = a V« = <? Vs

V»u = a -!/>„_, = a"--
1

-0,

butV I + ^+ V'3 + ---.

in which W equals the

weight of the system of

movable pulleys.

Substituting in this last

equation the values for

. i/> , \p . . . . ipn in terms

of •»/> , we obtain

^(1+ *+ «' +
O- 1

)
= Q -fW

or^M+f (j5^[)
but since P = an xp^ we
have

t. aB+ 1— a"

v|

(Q+W)

HOW TO Build.—We read that the build-

ers of ancient Rome were obliged to

warrant their private buildings for ten years,

and their public ones for fifteen. Moreover,

every accident arising from bad construction

during these periods was to be made good by

them or their heirs. If they were unable to

make the necessary repairs, they were whip-

ped, shamed and banished. Some sueh law

like this, if it could be enforced in the nine-

teenth century, within the bills of mortality

of this great city of London, would work a

salutary and lasting reform. It is not " how
to build," but how not to build; consequent-

ly structures are very often, in fact are

daily, being erected, whose best recommen-
dation is that they are certain to kill off

some portion of every family which may
have the misfortune to live in them.

In the first stage of their existence, they

effect this by dampness, want of ventilation

and the absence of any proper system of

drainage. In the second stage of existence

of these houses, they kill off their inmates
by the presence of too much ventilation.

Doors, windows, and roofs exhibit the effects

of employing green or unseasoned timber;

aching pains begin to trouble the joints and
i

shoulders ; and, like the human body, the

framing body of joinery creaks with a

chronic asthma. In the house where there

was insufficient ventilation first, there is any
quantity of wind and weather now, for tenon
and mortise part company, and paper, lath,

and plaster follow^suit, with a groan for the

internal genii.

The third stage in the life of those model
structures is this : that they suddenly drop
to the earth with an epileptic spasm, with-

out the least external warning ; and in an-

nihilating themselves they bury several

families in the one general crash.

Need we add the sequel ? Scarcely. We
will simply note an "inquest,"—verdict,

"accidental death." Not a word of cen-

sure on the "jerry builder " or sham con-

tractor, who made a nice thing out of specu-

lating in the blood of his fellow beings.

Not a word of reproof on the man that
" did not want any of your confounded
architects." Not one word on the jack-of-

all-trades who was surve}Tor, engineer, archi-

tect, and all. No, not a word. He, like

other " lucky dogs," caught up the " tip
"

of the day, and his trade is to build to sell,

and not to build to last.

Oh, would that the old Roman law were
still in force, or that a vigilance committee
were embodied so that the building ghouls

of London could be " whipped, shamed and
banished" from the country!

—

Builder.

ngine Cranks Cast prom Steel.—
Messrs. Vickers, Sons & Co., Sheffield,

have turned out the second of two of the

largest steel cranks ever made, and these

cast direct to shape, and not as an ingot.

—

Its weight, as cast, was 38,500 lbs., or about

17 tons 4 cwt. Five hundred and fifty cru-

cibles were poured, in regular order, in

making it. Steel castings have shown sur-

prising and uniform cohesive strength and

toughness. They are unquestionably free

from any internal flaws or defects of any kind.

A cast-steel engine crank, especially of

large dimensions, is more likely to be sound

(apart from the greater strength of steel per

set) than a heavy wrought-iron forging of the

same shape. Even in wrought-iron forgings

presenting no visible or definite flaw, sec-

tions cut out and tested have been found

to bear no more than 7.000 or 8,000 lbs. per

sq. in. The strength of steel, on the contra-

ry, would not vary much from 70,000 lbs.

—

a strength attended with great toughness or

endurance when exposed to sudden shocks.
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THE GERXER BOILER.

This form of steam generator having now
been in actual service for a sufficient time

to warrant definite conclusions, and having

l;een subjected to a variety of tests, has de-

veloped some notable advantages in working
.-Mid maintenance, and is attracting a great

deal of attention among the users of steam.

The accompanying engravings, prepared for

this maeaziue from the latest 'working draw-

bigs adopted, illustrate the different forms

of service to which the Gerner principle of

construction has been applied. The descrip-

i.on and working results are given on the

authority of the " Scientific American."

Mg-.l.

The inventor of this boiler, starting with

the assumption that, so far as safety alone

is regarded, no form of boiler is superior to

the old-fashioned cylinder, has proceeded
step by step to develop its steam-producing

power without relinquishing its known ele-

ments of safety. Figs. 1 and 2 show an
end and side view of a plain cylinder boiler,

set in brick-work, the space from X to X,
around the lower section of the boiler, show-

ing the extent of heating surface. Figs. 3
and 4 give two views of the same boiler,

with its power and economy increased by
the application of the Grerner Ke-inforee-

ment, an application that may be made to

any plain cylinder or flue boiler.

Common Cylindrical Boiler.

The Common Cvlindrical Boiler with the Geiner Reinforcement attached.
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The Gerner Re-inforcement consists in

placing within a cylindrical boiler another

cylinder of just sufficiently smaller size to

leave a space (when set a little out of center)

of about 4 in. at the bottom and ends, in-

creasing gradually to about 6 in. at the top.

This cylinder, by displacing the large mass

of water, as shown in Fig. 2, reduces it to a

thin sheet, which fills the space between the

two cylinders, and entirely surrouuds the

inner one ; the water line being now near

the top instead of the middle of the boiler.

The inner cylinder is simply supported at

each end by a bracket attached to the outer

boiler, and is provided with a dome, open at

the top, standing within the dome of the

outside cylinder. The steam, as it is gene-

rated, rises, as shown by the arrows in Fig.

4, into the outer dome, and thence passes

by the inner dome into the interior of the

inner cylinder, which thus becomes a large

steam reservoir entirely filled with dry steam,

which is kept in its normal condition by the

jacket of hot water which surrounds and

protects it from radiation, the temperature

which protects being the same that pro-

duced it. The steam-pipe E acts as a steam-

trap to convey only dry steam. It will be

observed that the pressure of the steam

within the reservoir equalizes that of the

steam in the water outside, thus obviating

the necessity for " staying" and the use of

heavy iron in its construction. The wat< r

beinor carried so hich in the boiler admits ot

the brick-work being set off from it, and the

fire thus carried entirely around it, through-

out its entire length and ends, thereby
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doubling the extent of heating surface.

The brick-work may be thrown in an arch

over the boiler, or the successive la}rers of

brick " stepped in " like a reverberatory
furnace, as shown in Fig. 3. It should also

be observed that the lessened volume of

water materially increases the safety of the

boiler. C. Wye Williams, in his able work
on " Heat and Steam," page 171, asserts

that "the risk of explosion is greatly in-

creased by the increase of water in the

boiler, every cubic foot of which, beyond
what is absolutely necessary for the genera-

tion of steam, being an additional source of

danger."

The Stationary Boiler.—Figs. 5 and 6 re-

present the usual form of the Grerner sta-

tionary boiler. The shell is cone-shaped,

its smaller end being over the grate ; the

axis is set level. The flame envelopes the

boiler, and its escape is checked at the top

and sides by a brick partition at the rear,

and its exit is through a vent underneath

the, larger end of the boiler into the flue and
chimney. Within the shell is placed a simi-

lar cylinder of less dimensions, leaving an an-

nular water space of about 4 in. at the bot-

tom, and 6 in. at the top.

The angle of the heating surface, as here

presented to the action of the fire, is best

calculated to catch and absorb the heat, im-

pingement being more direct and effective,

while the free circulation of the water, from
the position in which the conical shells re-

tain it, is greatly promoted. This form also

provides an extensive combustion chamber,

wherein the gases may become thoroughly

ignited, while the rapidly narrowing passage

towards the flue, in both the vertical and

horizontal direction, so progressively retards

the gases in their passage to the outlet, that

their combustion is perfected, and their heat,

as far as possible, imparted to the boiler.

There is no lodgment for refuse, ashes and

dirt about the boiler, and all sediment with-

in is naturally deposited at its lowest point,

T, whence it is easily blown off. The ad-

vantage derived from setting the boiler with-

out contact with the brick-work is great, for

when, as is necessary with ordinary boilers,

the brick-work and the boiler are brought

in contact, any water from the top will set-

tle at the point of contact, become decom-

posed, and very quickly weaken the boiler

by oxidizing the iron. The " Society for

the Prevention of Boiler Explosions," in

England, report that 50 per cent of the ex-

plosions of stationary boilers are clearly

traceable to this cause. Unequal expansion
and contraction are also, doubtless, as much
promoted in a boiler but half bricked in, as

in a tubular or locomotive boiler with its

varying diameters and position of shell and
tubes ; for the upper half, exposed to the

atmosphere, while the lower part is subject

to intense heat, must be unequally affected,

and soon lead to the rapid destruction of the

boiler.

The Portable Boiler.—This boiler, Figs.

9, 10 and 11, has the form throughout of a

locomotive fire-box, with a double shell all

over, and open at the back end, the space

between the shells being about 3 in. at the

bottom, 4 in. at the sides and front end, and
10 or 12 in. at the top. Within this fire-

box shaped boiler is placed an exact counter-

part of the Gerner stationary boiler. The
feed-pipe to both the inner and outer boiler

is shown at F F, and the connecting pipe at

X. Apart from these two pipes there is no

water or steam connection between the two
boilers, and with these connections severed,

the boilers become in fact two separate steam

generators. The inner boiler is supported

by a rod in its front end, resting within an

expanded tube in the front of the outer

boiler, and by two Set screws S S, Fig. 11,

which pass through lugs in the dome, on to

a plate on the outside of the outer boiler.

The open end of the outer boiler, after the

inner boiler is placed in position, is closed

by a cast-iron plate, which arrests the flames

after their passage around and underneath

the inner boiler, and diverts them into the

uptake or chimney. A plate R is placed

underneath the inner boiler near the back

end, to reduce the size of the escape flue,

and to compel the heat to strike the bottom

of the boiler in the rear. The water-line in

both boilers is the same, and the steam from

both is conveyed into the steam reservoir B.

It is a well-known fact that the fire-box

of a locomotive boiler is its most effective

part, owing to the free development and

maintenance of the flame in one mass, not

divided by flues, thus illustrating the rule

laid down by Sir Humphrey Davy, that

"heat communicated by flame depends on

its mass." This principle has been still

further illustrated by the fact, that the effi-

ciency and economy of many tubular boilers

has been greatly increased by lengthening

the fire-box and cutting down the length of

the tubes. In view of these facts, it is

claimed that the outer boiler, above de-

scribed, furnishes very effective and desira-
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able surface for the genera-

tion of steam, without pre-

senting any impediment for

the free circulation of the

water within, or lodgment of

'

ashes or refuse without ; and :

that the inner boiler adds the-

other advantages of the Ger-

ner principle.

The Marine Boiler.—This

boiler, Figs. 18 and 14, may-

be described as a single re-

turn conical flue boiler, form-

ing a conical combustion

chamber. Its peculiarity-

consists in its conical shaped

flues and their annular water

spaces.

The outer shell A is a plain cylinder, the inner shell B
conforms to the shape of the outer shell (forming a space

ncreasing from 4 to 6 in. between the two), to a height

somewhat above the center of the boiler, from thence it

turns inwardly, and dropping down connects with the outer

shell of the double-shelled conical flue. This doubled shell-

ed conical flue traverses the length of the boiler, its smaller

end being over the grate bars, and the interior of its inner-

shell is used as a return flue to the uptake at the front of the boiler, instead of an interior

steam receiver. The water space of from 4 to 6 in. between the shells of the outer

boiler connects at the ends and on top with those of the doubled shelled flue, which are

of the same width, and there is a further connection between the water bottom near-

its back end, and the water space around the conical flue at its largest end, by the
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Figl4

The Gerncr Marine Boiler.

circulating pipe G. The fire-box or furnace

portion of the boiler, it will be seen, is very

extensive, wherein the flame is maintained

in an undivided mass, and the heating sur-

face on all sides presented to its action in a

manner best calculated to obtain great effi-

ciency. The gradually narrowing passage

towards the opening into the return flue re-

tards the gases of combustion until the

greater amount of direct heat is utilized,

and after entering: the flue, they are still

further retarded in their escape to the

chimney by the tapering form of the flue,

and their entire available heat imparted, as

far as possible, to the plates containing thin

sheets of water.

Rate of Evaporation.—The authority we
have referred to gives, "from actual know-
ledge," the results of a trial of a Gerner
stationary boiler, by the means adopted in

the II. S. Navy experiments. The boiler is

10 ft. long, 2 ft. front, and 3 ft. rear diame-

ter, with a grate surface of 4^,% s-q. ft.

The experiments show that the boiler is

producing 500 lbs. of dry steam per hour

for every 50 lbs. of coal consumed, after

setting aside the fraction .65 of a lb. over

10 lbs. of steam produced by the consump-
tion of a pound of anthracite. This margin

of 6.5 per cent of the total production will

cover many of the defects of unskillful

firing. Assuming, then, that in practice the

boiler will evaporate 500 lbs. of water per

hour with a consumption of 50 lbs. of coal,

and allowing 33 lbs. of water to be the fan-

standard of a horse-power, this boiler is capa-

ble of supplying 15 horse-power. The total

heating surface being 83$$j sq. ft., and the

results obtained being over 15 horse-power,

shows 51- sq. ft. in these boilers to be suffi-

cient to produce a horse-power, and illus-

trates the efficiency of the heating surface.

The test of a marine boiler (i. e., built

upon the same plan as one intended for a

steam-vessel) now in operation at the New
York and Erie R. 11. General offices (Grand
Opera House), New York, is given by the

same authority. The boiler is 16 ft. long,

6.-, ft. in diameter, and has produced, accord-

ing to the testimony of J. W. Brooks,
Superintendent of Motive Power N. Y. and
E. li. R., 110 horse-power, 3,300 lbs water
evaporated per hour, with an economical re-

sult of over 12 lbs. of water to 1 lb. of

coal. The entire heating surface being but
400 sq. ft., gives less than 4 sq. ft. to a

horse-power.

This result may be better appreciated by
taking in comparison a tubular boiler, say

23,2 ft- l°ng Dy 6 ft. in diameter, containing

with its tubes a total heating surface of

1,139 sq. ft. Such a boiler, by allowing the

ordinary standard of 15 sq. ft. to a horse-

power, would be estimated at 75 horse-

power, and its steady economical result

could hardly be relied upon at over 6| to 7

pounds water to 1 of coal, with no assur-

ance whatever of the dryness of its steam.

There is no doubt as to the comparative

inefficiency of heating surfaces made up of

small flues. Various authorities have been
quoted in this connection, among others

Armstrong (revised by Bourne), who says

that ''the present construction of the mul-

titubular boiler, as it is called, may be truly

stated as a disgrace to the science of this

age of progress." C. Wye Williams says :

"Heat, communicated by flame, must de-

pend on its mass;" also that "the tubular

system is chemically, mechanically, and
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practically a destroyer of ignition and the

sustained existence of flame." Again he

says :
" The result of the adoption of the

multitubular system has been a less perfect

combustion, a larger development of opaque
smoke, a greater waste of fuel and heat, and
a more daugerous application of it."

Various recent experiments within our

own knowledge appear to confirm these views.

In one small locomotive boiler, for instance,

the flues were almost- entirely abandoned,
and the fire-box 'was extended nearly the

whole length of the boiler with good results.

Exact experiments, however, have not been

made in this case. The following considera-

tions, at least, will be admitted by all ex-

perts : fire-box surfaces are vastly more
efficient than flue surfaces. In the multitu-

bular boiler, the flame entering the small

tubes is extinguished, combustion of the

gases ceases, and a very large proportion of

the otherwise available heat pases oft' in

smoke and unconsumed gases, and is lost

;

free circulation of water is obviously im-

peded by the multitude of small tubes, and
the small inetrstices between them provide

a very ready means for the retention of im-

purities in the water, and consequent in-

crustation ; and, finally, the mechanical dif-

ficulty of keeping the tubes tight, in their

Taring expansions and contractions, is an

expensive and dangerous experience to al-

niust all who have used them.

The claim of economy made for the Gerner
boiler appears, therefore, to be well founded
in theory as well as in practice. The safety

of the cylindrical form, as compared with

flat sides, is obvious. The other advantages

claimed have been referred to in detail, with

the descriptions of the various forms of the

boiler. We may add that these boilers are

guaranteed for a rate of vaporization in ac-

cordance with the results of the experiments

above stated.

Safety Car Trucks.—Mr. Morris, of

the Housatonic Railway, has devised an

improvement for relieving the effects of a

broken car wheel or rail. He attaches to

the truck frame, just inside of the wheels,

two stout sled runners, made of heavy plank

shod with metal or entirely of metal. In case

of running off the track, these runners receive

at once the weight of the car, and prevent all

but a slight sinking of the wheels. They
act as brakes to check the speed and also

prevent lateral motion of the car.

COMBUSTION UNDER PRESSURE.
From " Engineering."

We propose to explain briefly what we
believe to be the theory of Mr. Bessemer 's

system of high-pressure furnaces, and show
why the fact of the combustion taking place

under pressure should cause the intensity of

the heat produced to be increased. Fifteen

or sixteen years ago, before the question had
been settled by the experiments of Reg-
nault, it was considered by many investiga-

tors, who either disbelieved or did not per-

fectly comprehend the dynamical theory of

heat, that the specific heat of air and other

gases was decreased by an increase in the

pressure under which they were confined.

We should not have referred to this fact

here, but that some recent writers, arguing

falsely from the experiments made by Cle-

ments and Desormes early in the present

century, have endorsed this opinion, and
stated that the specific heat of gases de-

creased as the square root of the pressure

to which they were exposed. According to

these theorists, the increase of temperature

obtained by Mr. Bessemer's high pressure

system would be simply due to the fact that

the gases generated by combustion being

under pressure, had a less specific heat than

those escaping from an ordinary furnace fire,

and that consequently a given quantity of

heat was capable of raising them to a higher

temperature than could be obtained under

ordinary circumstances. The admirable ex-

periments of Regnault, however, described

by him in the •' Comptes Bendus " for

1853, conclusively proved that the spe-

cific heat of air was sensibly constant at all

pressures and temperatures at which it was

tested, and the explanation we have just

mentioned is therefore an untenable one.

We shall now proceed to state what we be-

lieve to be the true explanation of the ic-

sults obtained by Mr. Bessemer, these

results being, we consider, fully accounted

for by the dynamical theory of heat.

It was long ago shown by Poisson and

Laplace that the quantity of heat required

to raise the temperature of a given weight

of any gas, a certain number of degrees, is

less if that gas was maintained at a constant

volume, than if it is allowed to expand

freely during the heating process. In other

words, the specific heat of a gas maintained

at a constant volume is less than that of the

same gas maintained at a constant pressure,

the difference in the two specific heats under
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the two circumstances being due to the heat

absorbed in performing the wurk of expan-

sion. In the case of air the two specific

heats have been ascertained to be .1(39 and
.238 respectively (that of water being de-

noted by 1), and it thus appears that a

pound of air in expanding to the extent due

to a rise of temperature of 1°, absorbs, or

renders latent, .238—.169 = .069 of a unit

of heat. It is to this fact that the heating

of air which takes place under compression

is due, for when a quantity of air is reduced

in bulk, the heat which had been previously

employed in maintaining it in an expanded
state becomes re-converted into sensible

heat, and the temperature of the air is

raised accordingly. It will thus be seen that

the compression of the air dees not increase

the quantity of heat contained in it, but

merely renders sensible a portion which was
previously latent, and it follows, therefore,

fiat a certain weight of air or gases con-

t lining a given quantity of heat will have

a higher temperature if compressed than if

maintained at ordinary atmospheric pres-

sure.

In Mr. Bessemer's high-pres«ure furnaces

the gaseous products of combustion are, it

is true, not allowed to expand and then

heated by compression, but they are pre-

vented from expanding as they would do in

an ordinary furnace, and, as far as the re-

sults go, the effect is the same. In other

words, in a high-pressure furnace working
at a pressure of, say, two atmospheres, the

temperature of the gaseous products of

combustion is the same as if they had been
allowed to expaud under ordinary atmos-

pheric pressure, and then suddenly com-
pressed until the pressure became doubled.

Now it can be shown by reasoning founded
on the data we have given, that what is

known as the absolute temperature — or

the temperature in degrees Fahrenheit -f-
461.2°—of any given quantity of air will,

if that air be compressed, vary as the .29th

power* of its pressure above a vacuum ; or,

in other words, if T
1
= absolute temperature

of a certain quantity of air under a pressure

P 1? its temperature, T„, under another pres-

sure, P„, will equal T, X ( p -)
"'

• If now

we assume, as we probably may do without
any sensible error, that this formula for air

is applicable to the gaseous products of com-

* The .29th power of any number may be readily
obtained by the use of a table of logarithms.

bustion obtained in a high-pressure furnace,

we shall be in a position to calculate the in-

crease of temperature due to the adoption
of the high-pressure system in any particu-

lar case. Perhaps an example or two may
render this clearer.

Let us suppose, for instance, the case of

a furnace in which the proportions of car-

bonic acid and carbonic oxide produced by
the combustion of the fuel are as one to

four, and let this furnace be worked, in the

first instance, under ordinary atmospheric
pressure. Now, we showed in the early

part of the article, in our number for the

17th ult., to which we have already referred,

that when carbon is supplied with just suffi-

cient air for combustion, and is burnt, into

carbonic acid, the highest temperature theo-

retically obtainable is about 4,500°, while
if it is burnt into carbonic oxide, the tem-
perature will be about 2,250° only. In the

case we are now considering, therefore, sup-

posing that there is no loss of heat from
radiation or the admission' of excess of air,

etc., the most intense heat attainable will

, (2,250 x4)+ 4,500 „ _nr. Q ,

"

be v _——

'

== 2, 1 00 above the

temperature of the air and fuel introduced
into the furnace. If, now, the temperature
at which the materials are introduced be
taken as 60°, the temperature of the pro-

ducts of combustion under the above cir-

cumstances will be 2,760°, and their abso-

lute temperature 2,760 +461.2 = 3,221.2°.

Let us next suppose that the furnace is

worked at a pressure of 15 lbs. per sq. in.

above the atmosphere, or, say, at a pressure

of two atmospheres, the products of com-
bustion being the same as before. In this

case the absolute temperature of the pro-

ducts instead of being 3,221.2°, will be
3,221.2 x 2- 29 - 3,221.2 x 1.222 = 3,936.3°,

and their temperature expressed in the ordi-

nary way will be 3,933.3-461.2 = 3,475.1,

or, say, 3,475°, being a temperature 715°

higher than that obtained in a furnace work-
ed at atmospheric pressure. In the same
way we should expect to find that if the

pressure under which the furnace is worked
is increased to three atmospheres, the tem-
perature of the products of combustion will

rise to (3,221.2 X 3-29
)
— 461.2 = (3,221 X

1.375)— 461.2 = 3,967.9°, or, say, 3,968°,

a temperature more than 1,200° in excess of

that obtainable under ordinary circum-

stances.

It will, of course, be understood that the

temperatures above given are merely rela-
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tive, being illustrative of the effects due to

the high-pressure system of working as

compared with what we may call, for dis-

tinction, the ordinary low-pressure system.

In practice the actual temperatures obtained

will depend not only upon the pressure used,

but also, for the reasons we have already

explained in our former article, upon the

completeness of the conversion of the carbon

of the fuel into carbonic acid, and upon the

manner in which the supply of air is ad-

justed, as well as upon the means adopted

to prevent loss of heat. Mr. Bessemer is,

we understand, about to try a series of ex-

periments on a furnace worked at various

pressures, and we look forward with much
interest to the results of these experiments,

which we shall be glad to know agree with

the theory we have advanced.

TRANSMISSION OP POWER BY WlRE
Ropes.—There are, at Moulins Galant,

near Corbeil, 22 miles south of Paris, some
important paper mills belonging to MM.
Darblay and Company. One of these mills

is worked by an hydraulic wheel of about

80 horse-power. But the power of this

wheel not being sufficient all the year

round, it was necessary to provide a supple-

mentary power, which has been obtained

from another fall on the same river, 770
yards up the valley. This fall, of about 40
or 45 horse-power, was formerly, and is

even now, used for working a flour mill,

which has been taken on lease by M. Dar-
blay. The connection between the flour

mill and the paper mill has been made with

a telodynamic* wire. This system of trans-

mission consists of an iron endless wire

supported by pulleys, and running at a very
great speed. It is thus possible to transmit

a large power through a very thin wire, and
this system is now extensively used in

Prance, especially in the eastern districts.

The Moulins G-alant wire is worth notice,

because, besides its great length, the axles

of the driving and driven pulleys are neither

parallel nor situated at the same level. The
angle between these axles is 8 deg. 10 min.,

and the driving axle is 14 ft. tin. above the

other ; both are, of course, horizontal. The
wire has been arranged in a polygonal line,

and at each summit of this polygonal line

there are two pulleys, bearing the driving

and the driven wire. It was necessai'y to

give to the axles of these pulleys such an

* From the Greek rrjle far, and dwa/u^ power.

inclination that the plan of the pulley
should include the tangents to the two ad-

joining curves of the wire by each side of
the pulley. The shape of these curves, and
the inclination of their tangent, had accord-
ingly to be calculated with the greatest

care ; and the pulleys had afterwards to be
accurately arranged in the calculated situa-

tion. Any mistake in these calculations

would produce a great waste of power, and
sometimes would enable the wire to get out

of the grooves of the pulleys. All this

plant has been successfully arranged by
MM. Callon and Yigreux, civil engineer.-:',

and it has worked quite well for nearly
eight months. The diameter of the rope is

2 in., it weighs 9 lbs. per yard, and it con-

sists of 48 iron wires ^ in. diameter, and
of a central hemp strand of about \ in. dia-

meter. The speed of the rope is 61 ft. 9

in. per minute, and the calculated strain is

686 lbs. on the driving, and 313 lbs. on the

driven wire. The diameter of the driving

and driven pulleys is 8 ft., and they have

an angular speed of 150 revolutions per

minute. The hydraulic wheel running only

3-2- revolutions per minute, the proper speed

is given to the driving pulley through two
intermediate wrought-iron shafts, supplied

with cast-iron spur-wheels. The wire is sup-

ported by seven intermediate pulleys, 6 ft.

6 in. diameter, and there is an average span

of 246 ft. between these pulleys. There
are some masonry piers, 10 ft. to 20 ft. high,

carrying these pulleys, and supplied with

wrought-iron ladders for oiling the journals.

The average deflection of the wire between
the pulleys is 10 ft. for the driven and 5 ft.

for the driving wire. This latter runs very

near the ground in some places through the

meadows. The inclination on the horizon-

tal of the shafts of the pulleys is 4 deg. 8

min. for the driven, and 8 deg. 28 min. for

the driving wire. It is also necessary to

calculate very accurately the total length of

the rope ; upon the length depends the ten-

sion ; with a too great length the wire could

be allowed to slip in spite of the leather

lining of the grooves of the pulleys ; with

too short a wire the friction would be use-

lessly increased ; in both cases the wire

would be liable to fall down the pulleys.

This dangerous accident happened once at

Moulins Galant, the wire being pulled by a

hay cart crossing under it, but nobody was

injured. The calculated slack of the wire

is about 20 ft., and this length has been

ascertained to answer quite well. There is
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a telegraphic connection between the two

mills in order to stop the wheel when there

is some accident to the paper mill. The
flour mill is of course kept at work when
there is in the river a sufficient flow of

water, and when all the requirements of the

paper mill are performed. The waste of

power by friction is about one-sixth of the

total power. The wire is without any con-

nection with the paper engine of the paper

mill, which is worked by a small steam en-

gine.

It must be remembered that when such

ropes are worked in connection with a steam

engine, this latter wants a very powerful

quickly acting governor, in order to prevent

the overrunning of the engine, should the

wire suddenly break down. Such an acci-

dent happened, some years ago, in a cot-

ton-spinning works in Alsace, and a large

steam engine was entirely destroyed.

—

Cor.

The Engineer.

COIGNET'S ARTIFICIAL STONE.

From " Engineering."

For about twelve years the " Beton agglo-

mere" of M. F. Coignet has been employed
in France, at first sparingly, and with hesi-

tation, but of late so largely and with so

much confidence, that many of the large

works in and near Paris have been con-

structed for the most part, or entirely, with
this material.

So early as 1850, M. Coignet had experi-

mented further than his predecessors Fleuret

(1800) and Lebrun (1829), but the conglo-

merate he then produced was unsatisfactory.

In the commencement he employed a crude

mixture of coal cinder with lime, and subse-

quently he substituted sand 'for the former
ingredient, and mixed it with powdered lime,

moistening both together instead of wetting

the lime as he at first done. The second pro-

cess to which he arrived, after modification

and a long series of experiments with mate-

rials from different districts, and under vary-

ing circumstances, to ascertain the best

proportions, is the system which has now
grown into such a vast industry, and which
bears his name.

The beton Coignet is a mixture of a large

proportion of sand with a small proportion of

lime, to which is added a percentage of ce-

ment varying with the amount of hardness or

the rapidity of setting required. Only a

very small quantity of water is employed to

moisten the lime and sand. Thus tempered

the mass is reduced, in a grinding mill, to a
stiff paste, and is introduced into moulds of

any desired form, being then subjected to

the action of repeated and heavy blows. By
this means it is thoroughly agglomerated,

and the mould being almost immediately re-

moved, the beton, shaped to the desired fig-

ure, shortly becomes set, and acquires the

hardness of stone.

The material thus mixed and compressed

under the hammer, when placed in the mould,

receives a weight, strength, and density

which renders it a thoroughly trust-worthy

building material. On the average 1.31

bushels of component parts, sand, lime and
cement, make a cubic foot of beton which

will weigh about 140 lbs., and offer a resist-

ance of some 2| tons per square inch, while

ordinary mortar, formed of the same constitu-

ents, will exhibit very insignificant powers of

resistance. The difference arises principally

from the difference in manipulation ; in mix-

ing mortar an excess of water is always used,

which is distributed throughout the mass,

and separates the particles of lime and sand,

retarding the setting, and when after a time

the water evaporates, it leaves the mortar

more or less porous.

Theoretically, the Coignet process fills all

the necessary conditions, and produces a per-

fect beton, the sand and lime being moistened

with a minimum of water, and mingled as

intimately as possible. Besides the thorough

cohesion of the particles induced by the mix-

ing and compression, the small quantity of

water used makes the setting more rapid and

more uniform.

In all cases the lime used should be hy-

draulic, in fine powder, and well screened, to

free it from lumps ; for if there are any

lumps admitted into the beton they swell

when the mixture is diluted, and weaken the

material.

The cements used are always, if possible,

heavy and slow setting. The quantity used

is proportioned to the rapidity of setting re-

quired, and the hardness of stone which it is

sought to obtain. For the third ingredient,

river sand, mingled with small pebbles, is

the best. If the pebbles are large, the con-

crete produced is rough and unsightly ; if it

is too fine, it retards the setting, and reduces

the hardness. Pit sand will make very good

work, but to produce a stone so good as that

formed on a base of river sand, the pro-

portions of cement and lime have to be in-

creased. Very fine sands like those of the

Landes, require very careful mixing and a
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prolonged compression in the mould to pro-

duce a first-class beton.

The ingredients are measured into a mix-

ing mill in barrows, and during the process

small quantities of water are gradually added
as the mixing proceeds, until the beton be-

comes in the necessary condition ; the more
completely this part of the work is done the

more rapid will be the setting, and the harder

will the stone become.
The ordinary form of grinding mill em-

ployed consists of an iron cistern, the bottom
of which is perforated, and in the center of

which revolves a vertical shaft, armed with

a number of helical knives, and carrying

beneath it a cycloidal arm, which in each

revolution discharges a part of the paste.

A penstock covering the outlet regulates

the discharge of the beton. The mate-

rial thus obtained from the mill is in a

firm but plastic state, and it is thrown into a

mould, in thin layers, and each layer, as it

is laid in, is beaten and compressed by the

regular and even blow of a sixteen pound
hammer. In order to secure a perfect adhe-

sion and union of the different layers of ma-
terial, especially when fine sand is used, it is

generally the custom to cross cut the surface

of the layer in order that the superincumbent
thickness may be thoroughly united to it.

There are two kinds of moulding to which
the Coignet beton is applied, the first being-

used when the material is employed e?i masse
in place, the second when it is moulded in

blocks to be subsequently employed. The
moulds which are intended to be used in place

are composed of close boarding kept in place

by means of cross bracing. This mould
carries the ornaments which are destined to

appear upon the face of the structure after

completion. In the second class of work all

kinds of ornament can be produced from
cornices to statuary.

Of late years the application of the Coig-

net beton has been equally extensive and
varied. In Egypt, where it has been em-
ployed on a vast scale, light-houses have
been reared out of the almost impalpable

sands of the Isthmus of Suez. In Paris,

some 40 miles of sewers have been con-

structed of the same material ; and arches of

the basement buildings of the Exhibition of

1867, saw mills at Aubervilliers, the numer-
ous cellers of many private houses, entire

buildings of five and six stories in height,

railway bridges at Sainte Colombe, on the

Paris, Lyons, and Mediterranean line, a

church at Verinet, and above all the large

works connected with the new Paris water

supply, and some examples of which we illus-

trate on another page.

The exact proportion of materials employed
on works of different classes, and with sand

and lime produced from different districts,

will be interesting. Thus the work about the

Exhibition of 18(37 was formed of a mixture

by bulk of 5 of sand, 1 of lime, and \ of ce-

ment. The same proportion holds good for

the sewers, and the rapidity of setting is as

great, that the centering can be struck within

ten hours after the beton is got in place,

and the sewers can be put into service in

four or five days after their completion.

Arches, of which the rise is one-tenth of the

span, are generally made with a mixture of

5 of sand to 1 of lime, and h of cement in

bulk.

The church at Verinet is one of the most
interesting of the monolithic structures, and
was constructed of sand from pits at Verinet.

The mixture was 5 of sand to 1 of lime and

^ of cement. In the saw mill of Auber-
villiers, the arches are 27 ft. 10 in. in span

and 13| ft. thick at the crown, the propor-

tions are also 5, and 1, and ^ of cement.

One of the most generally useful applications

of this material is in the construction of the

basements of houses. In the ordinary form

of construction, stone piers, supporting rubble

masonary arches, are employed, involving

numberless joints, and causing an absence

of perfect uniformity. From this cause

numerous settlements ensue, which are

avoided by the use of the homogeneous
beton ; for the whole sub-structure can be

made in one single block,over which the super-

incumbent load is equally distributed, and a

uniform pressure upon the foundation is ob-

tained. One house, in the Rue de Miro-

mesnil, is constructed entirely of beton, and

it contains two staircases, the one formed in

the usual way, with a number of moulded
blocks, the other a spiral staircase, from

basement to garret—a monolith.

Aqueducts are now being constructed from

this stone upon the works for the supply of

Paris with water from the Vanne. Already

a part of the city draws its supply from the

Dhuys, but the second portion of the system

is not yet complete. The distance of Paris

from the source of the Vanne is more than

94 miles, and in its course to the city the line

has to traverse a series of valleys and

ravines, to cross rivers, roads and railways,

and the numerous requirements of the works

have involved the formation of extensive
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bridges, aqueducts, syphons, and tunnels.

An immense reservoir will be completed
close to the park of Montsouris, and a long

aqueduct upon arches will be made almost

close to the old Homan aqueduct of Arcueil.

But the heaviest works upon the undertaking-

are those crossing the valley of Fontain-

ebleau for a distance of more than twenty-

five miles between the river Loing and the

river Essones. This length almost entirely,

without building materials, would have invol-

ved very costly works if masonry had been
employed, and the engineer-in-chief, M. Bel-

grand, has therefore availed himself of the

Coignet process, and utilizing the vast masses

of sand that lay ready to his hand, has formed
the work of beton. Not only have the aque-

ducts been constructed of this material, but

the tunnels also to the extent of several miles,

about 6 ft. 6 in. in diameter and 8§ in. thick,

and these were all formed with the same suc-

cess that has attended the application of the

system to the sewers of Paris, the centres

having been withdrawn almost immediately
after the beton had been rammed into place.

The aqueducts crossing the valley are sup-

ported upon arches, extremely light, and ris-

ing to a maximum height of 50 ft. from the

ground. The openings are about 42 ft. 6

in., and the thickness at the crown 15 f in.

The success which attended the application

of this material in the construction of the

narrow openings supporting the aqueduct, in-

duced the engineer to extend its use to those

wider arches spanning rivers, roads, and rail-

ways, and, a series of experiments having

proved highly successful, monolithic struc-

tures, of 98 ft. 6 in. and 115 ft. 9 in. open-

ings, and with one-sixth rise, were rapidly

formed.

It will thus be seen that while we have
refrained from experimenting (with one ex-

ception) in this method of construction,

French engineers have advanced to recognize

its value, and to employ it largely for a va-

riety of work, having tested its reliability by a

series of exhaustive trials. The single excep-

tion to which we refer is the concrete bridge

constructed by Mr. Fowler across the Metro-
politan Railway at Kensington, but even
that experiment was scarcely analogous, for

the material employed was simyly concrete,

mixed with cement it is true, but mixed in

the ordinary way, and thrown into the mould
instead of being carefully set in the layers

and well combined, as in the Coignet process.

But the extensive adoption of concrete struc-

tures in France will probably be followed by

an equally extended adoption of the system
here.

BLAST-FURNACE BLOWING-ENGINES. •

Translated from a paper read by Mr. Schmauel,
before the Upper Silesian Society of Engineers.

The Upper Silesian Society of Engineers
had, in a former meeting, proposed the fol-

lowing questions :

Which blowing-engines are preferable,

those with upright, or those with horizontal

cylinders? and what are the reasons why
the one or the other of these constructions

is preferable ? Is it advantageous to use

two or more small blowing-engines in the

place of a single large one?
These questions may be answered in the

following manner : Horizontal blowing-en-
gines are mostly high-pressui'e engines.

They are not expensive, easily accessible,

simple in their arrangement, and can be

safely founded on almost any kind of ground.

The clearance in the air-cylinders is

very small. On the other hand they do
not allow of a very long stroke ; their pis-

ton-rods are liable to be bent, and the pis-

tons as well as the piston-rods are worn-out
unevenly, thereby causing loses of blast

from leakage. They require a large surface

of ground, and use a considerable quantity

of lubricating materials.

Vertical blowing-engines may be con-

structed with beam and fly-wheel, or direct

acting without fly-wheel. The former are

preferable.

When compared to the horizontal engines,

the vertical engines with fly-wheel have tha

following advantages:

1. Tbey require less room.
2. They can be constructed with a longer

stroke, which tends to diminish the loss of

blast.

3. The wear of the pistons, cylinders, and
stuffing-boxes is smaller.

4. The piston-rods can be guided in a

more perfect manner, and thus be prevented

from bending.

These engines are, however, much moi'e

expensive than those with horizontal cylind-

ers, because they have to have a beam, and
a greater number and more complicated con-

necting parts. They also require stronger

foundations for the cylinders as well as for

the stands which support the beam.

Wherever the cost,was considered an im-

portant point, and where sufficient room was
available, the horizontal engines have for-
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merly been generally preferred. Of late,

however, new blowing-engines for blast-

furnaces are mostly constructed with beam,
fly-wheel and upright cylinders. Vertical

and direct acting blowing-engines, without

fly-wheel, do not work economically when
two or more such engines have to work to-

gether, as is mostly the case. For it is

then to be feared that from an accidental

stoppage of one of them, the pressure of the

blast on the pistons of the others would be

so suddenly diminished that too violent a

motion might take place which would pro-

duce the breakage of the cylinder-covers, of

the pistons, of the piston-rods, of the coun-

ter-balance, or of other parts of the mechan-
ism. To prevent such accidents the cylind-

ers must be made longer than the stroke.

This causes a considerable waste in clear-

ances, loss of blast, and a diminution of the

working effect of the engine.

I had, recently, the opportunity of in-

specting a great number of blowing-engines

at different G-ermau iron works.

The horizontal engines I saw had blow-

ing cylinders of 5 to 8 ft. in diameter, and
4 to 8 ft. stroke, working at a speed of 72
to 150 ft. per minute. On all these en-

gines, with but a few exceptions, I noticed

the bending of the piston-rods. Amongst
the larger engines of modern construction,

which 1 inspected, but two were free from
this defect. They had hollow cast-iron pis-

ton-rods of 9 to 10 in. diameter, resting on

slides 15 in. wide and 18 in. long. The
pistons were made of iron-plate. The en-

gines made 10 to 12 revolutions per minute,

which number could however be increased

to 20 without any trouble or danger.

A wear of the lower part of the piston-

rods was not perceptible, owing to the large

surface of the slides. All the vertical en-

gines I met with were beam-engines with

fly-wheel. The smallest cylinder of this

kind of engines had 5.2, the largest 10 ft.

diameter. The shortest stroke was 7f, the

longest stroke 9 ft. The speed varied from

144 to 288 ft. per minute. It is seen from
these numbers, when compared with those

mentioned before, that the vertical beam-
engines can be built of larger size and more
powerful and effective than those with hori-

zontal cylinders.

As to the question whether two or more
smaller engines are preferable to a single

large one, it may be said that smaller en-

gines are preferable when more than one

blast-furnace has to be worked. The run-

ning expenses are more considerable, it is

true. But the losses of time and work,

caused by stoppage for repairs of the engine,

will amount to a much higher sum, when
two or more blast-furnaces are dependent on

a single blowing-engine. S.

IRON AND STEEL NOTES.

FETTLING OR LlNING PuDDLIXG FURNACES. la
the ordinary method of fettling or lining the

beds and sides of puddling furnaces oxide of iron

or a compound consisting mainly of oxide of iron

is employed tor that purpose; An invention pat-

ented by Mr. W. M. Williams, of Sheffield, con-

sists in lining puddling furnaces with crude or

prepared oxide of manganese or manganese ore,

either as the chief ingredient of the fettling or as

an addition to the oxide of iron or other material,

which is employed. In using crude or native

oxide of manganese or manganese ore without ad-

mixture with other solid, an ore is used which
when pulverized and moistened will form a plastic

or pasty mass, and which when heated will harden
and adhere firmly to the sides and bottom of the

puddling furnace. For this purpose the cheap

oxides containing a considerable proportion of iron

are best suited, provided they do not also contain

other impurities, such as sulphur and phosphorus
which would injure the iron in the furnace.

When an ore or prepared oxide is used which does

not harden sufficiently, after being rendered plastic

by water alone it is mixed with a sufficient quan-

tity of finely powdered and moistened hematite or

other suitable material to give it the property of

hardening and adhering when heated in the fur-

nace.

The proportions in which oxide of manganese

and oxide of iron should be mixed in order to

make the fettling according^ this invention, vary

with the nature of the cast or pig iron to be

puddled. With pig iron of ordinary quality about

half a hundred weight of oxide of manganese

mixed with the requisite quantity of oxide of iron

for the fettling of the' furnace is sufficient for a

charge of four to five hundred weight of pig iron.

When the pig iron itself is rich in manganese a

less proportion is necessary in the fettling. When
the pig iron contains a large quantity of silicon

and little manganese, more oxid of manganese is

required in the fettling than is required with pig

iron containing much oxide of manganese and

little silicon. Where practicable, the inventor

prefers to introduce the pig iron into the puddling

furnace in a melted state; when this is done and

the fettling containing oxide of manganese is laid

on the bottom and lower part of the siles of the

furnace, the charge gets the full benefit of the

evolution of oxygen, which takes place when
the oxide of manganese is heated. By the use of

oxide of manganese, as described, the puddling

process is expedited, and the quality of the iron or

steel produced is improved. The heated iron or

steel during the puddling process decomposes the

oxide of manganese, causing an evolution of oxy-

gen, which rising through the molten iron or steel

rapidly oxidizes the oxidizable materials contained

in the metal. A portion of the reduced manganese

enters into alloy with the iron or steel and effects
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the improvement in the quality of the metal
which is well known to result from the use of

manganese in the manufacture of iron or steel.

When oxide of manganese is mixed directly

with the charge for fluxing, as has been proposed,
a portion is liable to become mechanically distri-

buted through the mass of iron ot steel in the state

of an infusible powder, consisting of manganese in

a low state of oxidation, and injures the mechani-
cal properties of the metal. But when oxide of

manganese is used in the fettling of the puddling
furnace, according to this invention, it is gradually

decomposed as the carbon and silicon of the pig

iron or steel are presented to it by the stirring of

the puddler, and the manganese enters the charge
in a fused state either as reduced metal or as sili-

cate.

Very little of the manganese which enters the

iron or steel during the puddling process remains
in the finished metal, most of the manganese sepa-

rating during the finishing of the metal in the

form of silicate of manganese, carrying with it

other impurities, such as phosphorus and sulphur.

The silicate of manganese separates from the metal
more readily than silicate of iron, and is found in

considerable quantity in the cinder and hammer
slag. The cinder and hammer slag are therefore

more valuable than ordinary cinder or hammer
slag for the making of cinder iron in consequence
of their richness in manganese. Although the

fluxing property of oxide of manganese, either

alone or mixed with oxide of iron, renders the

addition of any other material to the fettling un-
necessary when pig iron or steel of the ordinary

qualities are puddled, yet when pig iron or steel

of such quality as renders the use of alkaline

fluxes desirable is about to be puddled, common
salt or carbonate or nitrate of soda may be added
to the oxide of manganese. A quantity of the

soda salt equal to about one-fourth the weight of

the oxide of manganese is generally sulhcient.

—

Mechanics Magazine.

Mons. C. Schinz on Messes. Ponsard and
Boyenval's Improvements in the Manufac-

ture of Iron.—To aim at obtaining wrought iron

directly from the ores appears to be, at first sight,

the most legitimate course which the inventions

on the subject of iron production could take. Yet,

as a matter of experience, it is plain that unless

we have to deal with exceptionally rich ores, the

proceeding is far from being an economical one.

This becomes more apparent when we take into

consideration the measures which from time to

time, and up to the present day, have been adopted
or proposed in carrying out this scheme. Neither

Clay, in 1837, nor his successors, Reuton, Chanot,

Yates, Gurit, Rager. Siemens, and recently Pon-
sard and F. F. Boyenval, have succeeded in solv-

ing the problem satisfactorily. With or without

the use of the blast-furnace, the oxide or peroxide

of iron has first to be reduced in the ores. We
have on a former occasion given a lengthy descrip-

tion of M. Schinz's labors on the subject of blast

furnaces, and must refer our readers to those col-

umns for the better understanding of M. Schinz's

position regarding the subject before us. M. Pon-
sard himself has lately (•' Comptes Rendus,'' p.

177) laid his views before the Academy at Paris.

He starts from the fact that the fuel used in the
blast-furnace is excessive, and far beyond what is

required " theoretically " for the reduction ot the
ores, the carbonizing of the iron, and the smelting
of the pile. He proposes a separation of the

chemically acting carbon from that which is con-
sumed for heating purposes, and goes on to assert

that but 1,000 kilogrammes of coal, instead of

3,000, as ordinarily used per ton, are needed ac-

cording to his plan. M. Schinz says that Ponsard
and Boyenval's patent is not much more than the
ordinary test process of the laboratory on a larger

scale; the only difference being that, whereas in

the ordinary trials a surplus of carbon and scoriae

is added, he, M. Ponsard, used merely the exact
quantity requisite for carbonising and smelting.

This process, however, is the same as that going
on in the hearth of the blast-furnace when the
ores arrive there unreduced. The peroxide of

iron (or sometimes the oxide) is reduced by the
contact with solid carbon. This reduction, how-
ever, is not confined to the oxides of iron alone;

other substances contained in the scoria? are ef-

fected in the same manner and yielding sulphur,
phosphorus, silicium, &c, which are by no means
desirable companions for the produced article.

In the blast-furnace, hot air and an insufficient

supply of scoriae generally produce this bad effect

partly; while Ponsard's apparatus is so arranged
as to have it throughout. The resulting inferior

material will have to be refined, and, in that case,

the inventors can hardly claim to have saved any-
thing .by their so called direct production.

—

The
Engineer.

Lurmann's Blast Furnace. — A considerable

number of German ironmasters have, during

the last two years, applied to their furnaces the

system of Mr. Liirmann, the manager of the Georg-
Marien Mining and Iron Company, of Osnabriick,

Prussia, the improvement consisting in closing the

front of the hearth, thereby dispensing with the

dam stone, tymp, &c. A scoria outlet is set in

the closed breast at a distance of about 6 in. below
the tuyeres, and through this outlet the slag runs

off regularly and constantly. The tapping hole is

placed where the heat is greatest.

This arrangement has been successfully worked
for six months or more at the Old Park Iron-

works, Shropshire, and more than one of our lead-

ing ironmasters have expressed their intention of

adopting it. Its. advantages are thus enumerated :

1. The slag discharges itself through the scoria

outlet at about the same level, therefore there are

no vacillations of the slag in the hearth, and the

corroding of the wall is diminished.

2. As there is no fore-hearth, there are of

course no repairs, and no breaking up of the

scoria-crust in the same. This is equal, as shown
above, to a saving of at least 20 days per year.

Suppose a large furnace produces 40 tons per day,

the same will yield at least 800 tons per year more,

if built on Mr. Lurmann's principle, than if it were
of the ordinaay construction.

3. As there are no interruptions, the furnace

does not cool. It works more regular, as the heat

in the furnace is always the same.

4. The doing away with the dam and the fore-

hearth allows the removal of the tapping-hole from
the former into the wall of the hearth. The open-

ing of the tapping-hole is then easy, as it is close

to the greatest heat.

5. The completely closed earth allows a con-
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siderable increase of the pressure of the blast, be-

cause a throwing out of materials has become
impossible.

6. The increase of the pressure is always of

great importance, but especially where pit coal,

anthracite, &c, are used; and where the layers are

compact. The number of charges can be greater,

effecting a corresponding increase of produce.

7. The augmentation in the number of tuyeres,

and the equal distribution of them, made feasible

by the doing away with the forepart of the hearth,

allow a better and equal distribution of the blast

in the hearth; the furnace therefore works better,

and a greater quantity of ore is smelted, provided
there is sufficient blast.

8. The number of hands may be lessened, as the

operations are few and easy; the same need not be

of great skill and experience. No fire clay and
other refractory materials for the repairs, and less

tools are wanted. It may be mentioned that for-

merly the smelters of Georg-Marien-Hiitte, when
working, were almost stripped; now they are al-

ways in full working dress.— The Engineer.

The Cambria Ikon Works —The largest iron

works in the country are the Cambria AYorks,

at Johnstown, Pa. They cover an area of about
five acres, run night and day, and give employment
to about 3,000 hands. They contain 42 double fur-

naces, over each of which is a steam boiler con-
nected with the engine. The engine is a vertical

one of 350 horse-power; its fly-wheel is 30^ ft. in

diameter, and weighs 56 tons. The capacity of the

works is 1,400 tons of railroad iron per week. Last
year they turned out 76,000 tons, and this year ex-
pect to produce 82,000.

—

Am- Jlrtizan.

The engine referred to is that of the new puddle
train, a three high train 5 rolls long, with two
squeezers. There are besides, another puddle train,

two rail trains and various small trains, each with
its engine. The Bessemer Steel Works of the

Company, adjoining the iron works, and capable of

producing 50 tons of ingots per day, are also

nearly completed.—En. V. N. M

Steel Rails and their use in America.—We
quote the following from a corrprehensive arti-

cle in the New York " Tribune": The report of

the exhaustive and important discussion held last

year by the Institution of Civil Engineers in Eng-
land, sums up the case in these words :

" There can
be no doubt as to the expediency of employing
steel rails, even on railways where the traffic is

light; but, of course, the heavier the traffic the

greater will be the economy of substituting steel

for iron."

In view of this forcible verdict in favor of steel

rails, it becomes a matter of great public interest

to know to what extent these rails are being laid in

the United States. The report on railroads of the
State Engineer and Surveyor of New York, pre-
pared by S. H. Sweet, Deputy, and copied from
the advance sheets, into " Van No.strand's Eclectic
Engineering Magazine " for last June, says :

" It is

estimated that from 40,000 to 50,000 tons of steel

rails are in use on our various railways." Careful
researches, made in this city during the past week,
warrant the use of much more encouraging figures,

and authorize the assertion that by the end of the
year 1869 there will be laid in the United States,

in round numbers, 110,000 tons of steel rails, equal

Vol. I.—No. 12.—74.

to 1,100 miles of steel road; and of this amount
about 36,000 tons, equal to 360 miles, will be laid

during the present season ! These rails are in

use on more than 50 different roads, and are partly

of American, principally of English, and to a very
small extent, of Prussian manufacture.
Four large steel works for making rails have

already been established in this country, and a fifth

is nearly completed. John A. Griswold &. Co.,

proprietors of the Bessemer Steel Works of Troy.
N. Y., made about 2,000 tons of steel rails, half of

them for the Erie railroad, prior to the burning of

their works in October, 1868. None of these rails

have broken, and official certificates testify that

they are equal to the best foreign rails. The new
works, now nearly completed will enable the pro-

prietors to produce steel rails at the rate of 15.000
to 20,000 tons per year. The Pennsylvania Steel

Works, at Harrisburg, are now. and have been for

some time producing steel rails at the rate of

12,000 tons annually. These are mostly laid on the

Pennsylvania Railroad, and the official reports show
them to be equal to the best foreign rails. The
yearly capacity of the works is 20,000 tons. The
Cleveland Rolling Mill Company are producing
steel rails at the rate of 6,000 to 8,000 tons per

year. They have only recently started and are not

yet in full operation. Their capacity is 15,000 to

20,000 tons per year. Their steel is of Lake Su-
perior iron and is of excellent quality. The Free-
dom Iron and Steel Works at Lewistown, Pa., are

producing rails for the Pennsylvania and other roads

at the rate of some 8,000 tons per year. Their an-

nual capacity is 10,000 to 12,000 tons. Their

steel is pronounced by the Pennsylvania Railroad

Company, after rigid tests, equal to the foreign.

The Cambria Iron Company have a Bessemer steel

works nearly completed at Johnstown, Pa. Its ca-

pacity will be 20,000 tons. The above statements

are authoritative and clearly indicate that we shall

be able, by next year, to produce annually at least

80,000 tons of good, American-made, steel rails, a

fact full of promise for the future of American
railways. It may also be stated here that the pro-

prietors of one of the largest iron rail-making es-

tablishments in Pennsylvania, after struggling vainly

for four years against the rising steel-rail tide,, are

now negotiating for the services of able and expe-

rienced German engineers and metal-workers, with

a view to immediately establishing steel works, at

which they confidently expect, within a year, to

produoe steel rails equal to the best for $75 a ton,

which is less than the present price of good iron

rails ! The report quoted above states that some
7,000 tons of domestic steel rails have already been

laid, and it is certainly safe to assume that 5.000

tons will be laid this season, making a total in round

numbers of at least 12,000 tons (120 miles) of

American steel rails in use in the United States at

the end of 1869.

The great advantage of steel rails lies in their

homogeneity. An iron rail, or a steel-headed rail,

is made of a pile of bars heated and welded togeth-

er, but a solid steel rail is rolled from a single in-

got, and consequently is subject to wear only,

whereas the others are exposed to '

' wear and

tear," and the "tear," as any one must know who
has ever noticed the battered, laminated, and dis-

integrated condition of iron rails, on a much used

track, is a most serious consideration. So great is

this advantage that a single steel rail has been
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known to outwear no less than 23 iron rails placed
successively in the same track, and it is perfectly

safe to say that any good solid steel rail will outlast

a dozen rails of iron. The argument that steel

rails are worthless when once worn out never had
much force, and is now entirely upset by the dis-

covery of the Martin process, by which old steel

can be reworked with perfect ease. And the grand
objection that steel is brittle, and, therefore, steel

rails must break, is now fully overthrown by actual

experience. Of course steel rails may be made so

brittle as to be worthless, and it is well ascertained
that punching holes in them has a most injurious

effect; but this process is now discontinued, and it

is certain that rails rolled from good Bessemer steel

and drilled, instead of punched, are not only far

more durable, but are at least as tough as the best

iron rails.

Steel and Steel-Headed Rails.—The follow-
ing is Mr. Abram S. Hewitt's circular to rail -

way managers, containing the conclusions arrived

at during his late investigations in Europe on this

subject

:

Having made a visit to Europe during the past

summer, with Mr. John Fritz, Manager of the
Bethlehem Iron Works, at Bethlehem, Penn., for

the purpose, mainly, of acquiring information in

regard to the use of steel for rails, I do not think
that I can render a more acceptable service to the

railroad interests of the United States than by
making a brief statement of the conclusions at

which we arrived.

First.—It appears to be certain that on all roads

doing a large business, and especially where heavy
engines are run at a high speed, steel must be sub-
stituted for iron, on the wearing surface of the

track. The steel may be either puddled, or made
by the Siemens-Martin Bessemer, or crucible pro-

cess; but, whatever kind of steel maybe employed,
care must be taken that the steel be of good quality,

and adapted to the purpose. This demands skill in

the manufacture, and care in the inspection. Unless
this skill is used, and care exercised, there will soon

be the same complaint in regard to the quality of

steel as has existed in regard to the quality of iron.

Second.—For roads having a small traffic, iron

rails' are, as yet, more economical, provided light

engines and moderate speed are employed. If pro-

per care is used in the manufacture and inspection,

and a price paid sufficient to cover the cost of good
materials and workmanship, there is no more diffi-

culty now than there was in former years in pro-

curing iron rails of good quality. The real cause

of the inferiority of modern rails appears to be due
solely to the unwillingness of railroad managers to

pay a price adequate to meet the actual cost of

good iron and skillful work.
Third.—The question as to whether all steel rails,

or iron rails with steel heads, should be used, is

mainly one of first cost. There have been slight

objections to steel-topped rails, when cast steel is

used for the head arising out of the liability of the

steel to separate from the iron, but this objection is

now removed both in Euiope and in this country,

by the experience which has been gained at Dow-
lais in Wales, and at Trenton in New Jersey; and
it is safe to affirm that steel and iron can be cer-

tainly united so as not to separate in the weld.

The experience with the Booth rail on the New
York Central Railroad also goes to show that it is

not necessary to weld the steel and the iron at all,

leaving it merely a question of prime cost as to
whether the heads shall be welded or not. As to
all steel rails, whether made from Bessemer. Mar-
tin-Siemens, or crucible steel, the only objection

appears to be in their liability to break in very cold
weather; but the percentage of such accidents is

very small—and all things considered, it is difficult

to decide whether this objection is of more weight
than the possibility of a separation of the steel from
the iron in the steel-topped rails.

On the whole, we came to the conclusion that we
would take either the ail-steel or the steel-lapped

rails properly made, giving the preference to the
one which could be supplied at the lowest price per
ton. In other words, we believe that the question

of first cost should alone decide whether to use
steel- topped rails or rails made entirely from steel,

provided the quality of the materials used and the

workmanship is equally good in both cases. The
Siemens-Martin process has solved the only diffi-

culty which existed in regard to steel rails when
worn out, by working them over as the raw mate-
rial for new rails. This process is now in operation

at most of the leading works in Europe, and cau be
seen at work at Trenton, N. J., producing steel

which welds perfectly to iron, and therefore admir-
ably adapted for steel tops.

The Manufacture or Steel. — The Paris
" Presse " says :

—"An experiment of a most
interesting character, and having the highest inte-

rest for the iron industry, has taken place at the
Marquise Stock Works, in presence of two eminent
persons of the Ecole Centrale. The object of this

experiment was to make steel by one operation, a
problem which has engaged all metallurgists, and if

solved, would cause an industrial revolution. M.
Aristide Berard, an engineer whose name is fa-

miliar to all who have occupied themselves with
this question, proposed to change second class

metal in course of refining into steel of at least

ordinary quality, by means of a process alternately

oxidizing and reductive. His efforts have been
crowned with success. The product obtained by
his process, in presence of two competent judges,
proved to be steel of good quality, suitable for all

purpose, and made with the facility necessary to its

application to practical industry. The operation

was effected in a reverbatory furnace, lasted about
an hour and a half, and was accomplished with as

much facility as puddling. In this process, instead

of acting on 480 pounds of metal to obtain iron of
number one quality, from 6,600 to 11,000 pounds
of metal is made by only one operation into steel

ingots ready for the workshop, and with an unex-
pected economy. We will be much deceived if

this invention has not in it the germ of a complete
revolution in metallurgy."

The Siemens Furnace.—In a paper before the

Iron and Steel Institute, Mr. Josiah T. Smith,
of the Barrow works, after noticing in detail the

application and effect of the gases, added that for

many months each producer at Barrow had vola-

tilized 8 tons of coal per 24 hours, and that the

greatest economy effected was when the consump-
tion had not exceeded 50 cwt. Estimating the

weight of one cubic foot of gas at the ordinary

temperature of thin air to be .075 lbs., the volume
of carbonic oxide, hydrocarbon and hydrogen, from
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one ton of coal would be about 53,000 ft., and the

volume of nitrogen about 122,000 ft., or making
together a total of 175.943 ft. The consumption
of coal in the producers at Barrow being 500 tons

per week, it gave an amount of gas passing through
the tubes at the rate of 6^ ft. per second, of 87,-

000,000 cubic feet; or through the various fur-

naces adding the quantity of air there admitted
of 6,000 tons. The saving of fuel by this process

at Barrow was, over a period of two years, no less

than 44 per cent ; but the actual money saving, by
the use of a particular kind of coal, had been more
than one-half. The yield of the gas furnaces,

taken over the same period, showed a saving of 31

per cent as compared with the work at the firing

furnaces, and the amount of repairs was just two-
thirds of the old cost. In these three particulars

was undoubtedly to be found the chief economy;
but the adoption of the system enabled them to

preserve greater cleanliness and order in their

works, and an entire absence of smoke met a diffi-

culty which, in the neighborhood of large towns,
was every year becoming a greater grievance.

There was, he admitted, a slightly increased out-

lay on the plant; but taking into consideration the

increased capabilities as to quantity, it would be
found to represent the difference in cost between
the two systems.

IRONMAKING IN THE CLEVELAND DISTRICT. For
economizing the use of coke in the blast-fur-

naces their height has been increased from time to

time, from 45 ft. to 95 ft. and upwards. Several
of the original 45-ft furnaces are still standing in

the neighborhood of Middlesborough. but disused.
It has been found at the five furnaces of Messrs.
Bolckow and Vaughan that the furnaces of 95 ft.

high and 16 ft. bosh are a little more economical
as to the use of coke than the other three furnaces
of the same height; two of them are 23 ft. and the
other 22 ft. in the bosh; the capacity of the latter

is about 20,000 cubic ft., and of the former about
10.000 ft. The production of pig-iron will not be
in the same ratio, but is greatly augmented in the

larger capacity. Another question of economy is

the heat of the blast. It appears that with the
blast heated to 1300° in high furnaces, 22 cwts. of
coke are required in reducing 1 ton of pig-iron,

and 1 cwt. of coke is saved for every 100° increase

of blast, from 650° to 1150° and upwards. As the
blast is heated invariably with the waste gases of
the blast-furnace, this saving represents a direct

economy in fuel. The blast-furnaces in the Cleve-
land district are closed at the top with bells, with
the exception of the furnaces at Grosmont, the
gases from which are withdrawn by means of
chimney draught. At the furnaces of Messrs.
Bolckow and Vaughan calcining kilns, 45 ft. high,

21 ft. indiameter, are erected of 18 in. fire-bricks,

covered with £-in. plates. The yield of iron from
raw ore is about 30 per cent. One ton of coal will

calcine about 40 tons of ironstone in these kilns;

the calcined stone is let out from the bottom of
the kilns direct into barrows. The coke is de-
posited in hoppers, and is let out at the bottom
into barrows by sluices, and afterwards raised to

the top of the furnaces. The mode of raising ma-
terials from the ground to the top of the furnaces
in most cases is by water-balance, the supply
water being pumped into a tank by a steam en-
gine. Two works have hydraulic hoisting appa-

ratus, some by pneumatic pressure, and others by
direct steam power.

—

Mining Journal.

Krupp's Bessemer Rails.—The manufacture of
Bessemer steel rails is now very extensively

carried out in the works of Herr Krupp, at Essen.
There are four converters used only for rail mak-
ing. The steel ingots obtained are cylindrical,

one ft. six in. diameter, and five ft. high. These
ingots are hammered under a steam hammer of •

eight tons, and reduced to an octagonal section
twelve in. wide. They are then rolled through a
rolling mill worked by a 100-horse power horizon-
tal and direct-acting engine. This engine, which
is not condensing, runs at 50 revolutions per min-
ute, and has a fly-wheel 46 ft. diameter, weighing
60 tons. The ingot is thus converted into a rec-

tangular bar 5| in. thick and 7f in. wide; this bar
is divided into six or eight pieces, under a steam
hammer of four tons. Each of these pieces is used
for making rails; they are rolled through a steam
rolling mill worked by a oOO-horse power steam
engine to the speed of sixty revolutions per min-
ute. This system of manufacture enables us to get
rid of the globules which have been ere now the
most grievous defect of the steel rails, and which
are more easily expelled from a large ingot than a
small one.— The Engineer.

Wrought-Iron Chimney.—A new wrought-iron
chimney has been recently erected at the

Creusot Ironworks. It is 197 ft high and 6 ft. 7

in. diameter. At the bottom the diameter is in-

creased to 10 ft. by a curved base, which is fas-

tened by vertical bolts to masonry work. The thick-

ness of the sheet-iron is 3-32 in. at the top, and
7-16 in. at the bottom. There is an inside iron

ladder. The weight of this chimney is 40 tons; it

has been riveted horizontally, and lifted afterwards

with a crane. Another one, 275 ft. high, will be

soon erected, but by a different system; it will be

riveted vertically, with an inside scaffolding. These
chimneys are built for an extension of the Creusot

Works, especially intended for steel making. There
will be eight Bessemer converters, where the cast-

iron will be run direct from the blast-furnace ; there

will be also many Martin's furnaces, and an exten-

sive workshop for melting steel in crucibles, where
it will be possible to melt together 50 tons of steel.

Accident at a Bessemer "Works.—A serious

accident has occurred at the Atlas works, be-

longing to Messrs. John Brown &. Co. (Limited) at

Sheffield. Six men were engaged in casting an
immense ingot, when the vessel, which contained

about seven tons of molten metal, was overturned,

in consequence of the chain which balances it giv-

ing way. The whole of the red-hot steel was cast

upon the floor. Three workmen were very se-

verely burned. The metal spread all over the

floor of the workshop, which is situated in the

Bessemer department of the manufactory, and
several other workmen, who were some distance

from the moulding apparatus, had very narrow
escapes.

Production of Rails in France.—A table which
has been prepared in illustration of the produc-

tion of rails in France during the last ten years

presents the annexed results: 1859. 101,426 tons;

1860, 121,438 tons; 1861, 164.371 tons; 1862,

216,175 tons; 1863, 226,948 tons; 1864. 215,983
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tons; 1865, 184,131 tons; 1866, 159,061 Ions; 1867,
154,351 tons; and 1868, 202,204 tons. The aver-
age price per ton in 1859, was £10 2s. per ton,

while, in 1868, it had fallen to £7 2s. per ton.

British Blast-Furnaces.—The number of fur-
naces in blast,

a
in 1868, was 560; and the make

of pig iron in Great Britain amounted to 4,970,206
tons, an increase of 209, 183 tons over 1867. In Eng-
land the make was 2,970,905 tons, an Increase of

159,959 tons; in Wales and Monmouthshire, 931,-
301 tons, an increase of 12,221 tons; in Scotland,
1,068,000 tons, an increase of 37,000 tons.

Magnetization of Iron and Steel.—At a re-

cent meeting of the Academy of Sciences, at

Vienna, Herr A. Waltenhofen read a paper on the
limits of the magnetization of steel and iron. As
a general result he finds the potential temporary
magnetization of iron to be about five times greater
than that of the best steel.

CATASAQUA MANUFACTURING Co.'s IRON. Tests
at the Scott foundry, Reading, give specimens

of three brands of this iron—66,000 lbs., 68,400 lbs.

and 74,600 lbs. tensile strength, respectively.

Steel Boilers.—Messrs. D. Adamson & Co. are

now making steel boiler shell rings in one plate,

measuring 27 ft. in length, and weighing upwards
of 16 cwt. each.

ORDNANCE AND NAVAL NOTES.

The "Inconstant."—This fine frigate, of 4,060
tons measurement, 1,000-h.p. (nominal), carry-

ing as her armament ten 12 ton 9 in. and six 6| ton

Tin. muzzle-loading rifled guns, mounted on iron

carriages and slides—the pioneer of the new type of

unarmored iron-built war frigates introduced into

the English navy by the present Chief Constructor

—has been put through her official speed trial at

her load draught of water over the measured mile

in Stokes Bay, near Portsmouth, and by the excep-
tionally high rate of speed she attained more than
confirmed the strongly favorable opinions of her

powers created by her previous performance on her
preliminary trials, and also exceeded the estimate

of her speed given in officially to the Admiralty by
her designer. The speed trials of the Inconstant

are without doubt the most important by far of all

that have yet been made over the measured mile in

this country. She is a war frigate designed for

special services, requiring exceptional speed under
steam, and in all respects intended for competition
with the flying unarmored war frigates lately added
to the American Navy, and whose powers for

offense and flight under steam have been so highly

eulogized in the official documents reporting upon
their trials and handed in by the officers conducting
them to the secretary of the United States Navy.
In the American official documents the Wampanoag
was said to have steamed at the rate of 16.7 knots
per hour for 37 consecutive hours, in a strong beam
sea and wind, over a given distance along the coast

line. This was stated in the reports to have been
done by the Wampanoag, at her proper seagoing
trim, and with all weights on board; but now this is

fitly contradicted on this side the Atlantic, and the

"Wampanoag is asserted to have attained her extra-

ordinary rate of speed under conditions different

from those given in the official reports. It would

be of some value to us to learn the exact truth
relating to the trials of the American unarmored
frigate, in order that we might obtain some reliable

standard by which we could measure the value of
our own frigates of a similar character. Sixteen
and three-quarter knots per hour continued for 37
hours by the Wampanoag is, on the face of the
assertion, an almost incredible performance for any
ship carrying 15 in. guns and exceptionally heavy
weights in engines and boilers, unless she was
greatly assisted by her sails, and until some precise

information be given as to how the distance run in

the 37 hours was arrived at, the Wampanoag will

be only considered really to be what she is asserted

to be in this country—a 14 knot ship ; and in that

case the Inconstant is the faster ship of the two by
2^ knots per hour.

On weighing her anchor from Spithead for her
trial the Inconstant drew 20 ft. 8 in. of water forward
and 24 ft. 7 in. at the stern. She did not carry her

crew, powder and shell, and a quantity of stores,

but the weight of all these matters was placed on
board for trial in the shape of iron ballast, and, in

addition, she carried about 40 tons extra weight in

coals, &.C., so that her trials were made at a draught
of water an inch or so in excess of what it will be

when the ship actually proceeds to sea.

Subjoined are the results of the trial. Full boiler

power, measured mile runs :

No. 1.—Speed of ship, 16.901 knots; revolutions

of engines—per mile 259, per min. 73.5; steam, 30
lbs.; vacuum—forward 25.5, aft 25.5.

No. 2.—Speed of ship, 15.385 knots; revolutions

of engines—per mile 287, per min. 74 ; steam, 30 lbs.

;

vacuum—forward 25.5, aft 25.5.

No. 3.—Speed of ship, 17.822 knots; revolutions

of engines—per mile 252, per min. 75; steam, 30
lbs.; vacuum—forward 25.5. aft 25.5.

No. 4.—Speed of ship, 15 knots; revolutions of

engines—per mile 298, per min. 75; steam, 31 lbs.;

vacuum—forward 25.5, aft 25.5.

No. 5.—Speed of ship, 18.367 knots; revolutions

of engines—per mile 269, per min. 75.5; steam,

30 lbs.; vacuum—forward 25.5, aft 25.5.

No. 6.—Speed of ship, 14.754 knots; revolutions

of engines—per mile 304, per min. 75.5; vacuum

—

forward 25.5, aft 25.5.

Mean speed of the ship under full boiler power,
16.512 knots per hour! Mean revolutions of the

engines during the six runs, 74.48 per minute ; mean
steam pressure, 28.825 lbs.; indicated power by the

engines, 7,343 horse.

Full boiler power circles, 12 men at the wheel

:

To Port.—Half circle made in 3 min. 25 sec. ; full

circle made in 6 min. 48 sec.

To Starboard.—Half circle made in 3 min. 11 sec.

;

full circle made in 6 min. 10 sec.

Half boiler power, measured mile runs :

No. 1.—Speed of' ship. 15.789 knots; No. 2.—
Speed of ship, 11.613 knots. Mean speed of the

ship under half boiler power, 13.701 knots per hour;

mean revolutions of the engines, 59.95 per minute.

Mean steam pressure, 14.227 lbs.; indicated power
by the engines, 3,532.29 horse.

Half boiler power circles, 14 men at the wheel

:

To Port.—Half circle, 3 min. 56 sec. ; full ditto,

7 min. 50 sec.

To Starboard.—Half circle, 3 min. 42 sec. ; full

ditto, 7 min. 6 sec.

The Inconstant has a balanced rudder like the

Bellerophou. Hercules and Captain, but in her case
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the fore part of the rudder was reduced in area very

considerably the last time she was in dock, and per-

fect command is now kept over the ship by the men
at the wheel, however far the helm may be put over.

On her light draught trial the vibration on board

was found to be very great, but since the ship has

been brought down deeper in the water this has been

materially lessened and when the engines were
being driven at then' highest speed, the vibration

exhibited by the hull of the ship was nothing at all

extraordinary or beyond what is usually felt under
such circumstances. The engines, which were
in charge of Messrs. Anderson and Knight, as the

representatives of the manufacturers Messrs. John
Penn & Son, gave satisfaction in every respect to

the Government officials on board.

—

Artizan-

War Expenditure.—The annexed table is ex-

tracted from a paper on war taxation, by Mr.
William Stokes, which was recently read before the

National Reform Union, at Manchester. Mr. Stokes'

object was to set forth the permanent consequences

of what he terms profligate war expenditure and
periodical invasion panics. The conclusion he
draws from the figures is that the industry, trade

and manufactures of Great Britain are more shack-

led and burdened by needless taxation than those of

any other nation

:

National Amount
debt. per head.
£ £ s. d.

1. Ducal Hesse 228,916 5 4
2. Sweden 4,114,880 10
3. Norway 1,854,157 1 1 10

4. Chili, S. America . . 2,933,405 1 15

5. Prussia (1866) 42,123,064 115 8

6. Turkey 69,142,270 1 19 1

7. Oldenburgh 621,585 2 12
8. Electoral Hesse 1,485,892 2 9 6

•9. Brazil 30,762,289 3 13
10. Hanover 6,423,955 3 3 6

11. Russia 274,544,770 3 14 1

12. Wurtemberg 7,033,911 3 19 6

13. Saxony 9,912,049 4 4 10
14. Belgium 25,070,021 5 7

15. Brunswick 1,707,707 5 16 5

16. Bavaria 29,669,267 6 3 5

17. Baden 9,256,728 6 9 6

18. Austria 268,965,064 7 5 3

19. Denmark 14,862,465 8 18 9

20. Italy 211,503,298 9 8 3
21. Portugal 42,930,472 9 17 4

22. Spain 163,927,471 10 4 6

23 . Greece 14,000,000 12 15 3

24. France 566,680,057 14 18 9

25. Hamburgh 4,222,897 16 16 5

26. United States 579,880,391 18 18 9

27. Holland , 81,790,799 21 17 10

28. Great Britain 797,031,650 26 10

The North German Fleet.—The Imperial Navy
of North Germany dates its origin from the year

1848, when the Danish war demonstrated to Prussia

the necessity of establishing a fighting fleet and
showed the position of a nation lacking this branch
of military power. Denmark, a country insignifi-

cant in comparison with the German Principalities,

was enabled to inflict vital injuries which they were
powerless to prevent or to resent. At first the want
of union among the German States made itself very

strongly felt during the establishment of the fleet,

and instead of a combination of all the resources at

command they were wasted to create two navies

—

one in the North Sea, and a Prussian fleet in the

Baltic. And all the money which could be gathered
for the purpose was absorbed without a German
fleet being created. In despite, however, of all

these unfavorable circumstances the Prussian navy
has so far increased, during the last twenty years,

that it has developed from an insignificant fleet of

gunboats to a marine, comprising thirty steam and
six sailing ships, besides gunboats and vessels for

harbor defenses. The navy comprises the fighting'

and training ships, transports, coast-guard vessels,

and those for the defences of ports and harbors. Of
the first named, five are armor-clad—the rest of

wood, which are still considered capable of good
service ; the training ships being for the most part

disrated sailing vessels, in which officers and sea-

men receive their professional training.

The following table shows the actual strength of

the effective navy of North Germany •

Name of Ship.

ARMOR-CLAD FRIGATES.
Koenig Wilhelm
Friedrich Karl*
Kron-Prinz

ARMOR-CLAD TURRET
SHIPS.

Arminiust
Prince Adalbert^

WOODEN CORVETTES WITH
PROTECTED BATTERIES.

Elizabeth§

Hertha
Vineta
Arkona
Gazelle

CORVETTES WITH BATTER-
IES EN BARBETTE.

Medusa
Nymph
Augusta
Vittoria

DESPATCH BOATS.

Eagle
Loreley

, ROYAL YACHT.
Cricket

1ST CLASS GUNBOATS.
Basilisk

Lightning
Chameleon
Comet
Cyclops ,

Dolphin
Dragon
Meteor ,

23
16
16

28

28
28

28
28

17
17

14
14

4
2

1150
950
800

300
300

400
400
400
386
386

200
200
400
400

300
120

160

80
80
80
80
80
80
80
80

5938
3800
4404

1239
779

2026
1746
1746
1621
1621

925
925
1462
1462

800
332

493

326
326
326
326
326
326
326
326

* Length, 290 ft. 4 in.; beam, 53 ft. 3|

draught, 23 ft. 9± in. ; armor, 54 in. thick.

f Length, 200 "ft. 1^ in.; beam, 36 ft. 1

draught, 13 ft. 11 in. ; armor, 4 9-16 in. thick.

% Length, 158 ft. 6i in.; beam, 32 ft. 9

draught, 14 ft. 10 in.

§ Length, 231 ft. 7 in. ; beam, 43 ft. 3 in.
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Name of Sihp.

2d class gunboats
Fox
Shark
Vulture
Hyena
Chasseur
Aspic
Arrow
Salamander
Nightingale

Scorpion
Sparrowhawk
Tiger

Wasp
Wolf

Sailing Ships,

frigates.
Gefion

Thetis

Niobe
briggs.

Mosquito
Rover
Hela

2 60 233

2 60 233
2 60 233
2 60 233
2 60 233
2 60 233
2 60 233
2 60 233

2 60 233

2 60 233
2 60 233
2 60 233
2 60 233
2 60 233

48 7406
38 1557
26 1052

16 519
16 552
6 253

Besides these there are Ave vessels for harbor
service, thirty-two yawls armed with two guns, and
four with oue gun each.

Two corvettes are in course of construction—the

Hansa, with an armor-plated battery of eight guns,

and of 450 horse power; and the Ariadne, a wooden
ship, with a battery of six guns and with 360 horse

power. Altogether the Prussian navy possesses 90
armed vessels of all denominations, mounting, col-

lectively, 1,549 guns; but few of these, however,
were built at any of the Imperial dockyards.

—

En-
gineering.

SHOEBURYNESS EXPERIMENTS ON SHELLS AND
Fuses.—A series of experiments were recently

conducted at Shoeburyness, with the object of ascer-

taining the relative efficiency of the Palliser shells,

having their heads chilled and bodies cast in sand,

the merits of shells made of Firth's steel, and con-

taining large bursting charges, and to determine the

reliability of a new form of fuse designed by
Lieutenant E- Boxter, R. N. All the rounds were
fired from the 9 in. Woolwich rifled gun, with full

battering charges of 43 lbs., at a range of 200 yards,

against an 8 in. plated target, with- 18 in. teak

backing and % in. skin. Five rounds were fired

with the compound Palliser projectile (having the

chilled head and soft iron body), and two rounds
with shells of Firth's steel, the first third, fifth,

sixth and seventh rounds being with the former,

and the second and fourth with the latter class of

projectiles.

In the first round the Palliser shell effected a

penetration of 22 in. from the back of the head,

which remained in the hole, the body being blown
out in front of the target.

In the second round with a hardened Firth steel

shell, penetrated to a depth of 26 in., the shell burst-
ing in the backing, and the body being blown out of
the shield.

The third round with a Palliser shell, pene-
trated to a depth of 25^ in., tearing away the back-
ing, and tearing some of the backing girders.

The fourth round, a Firth's steel shell, pene-
trated to 85 in., making a hole 10 in. by 11 in. The
effect of this round manifested itself in stripping

off flakes of the plates in the vicinity of the point

of impact.

The Boxer fuse, which has been adapted to the
Palliser shell, is intended to be used in those pro-
jectiles which are fired against wooden or thinly-

plated ships, which are now penetrated by shell

with the same effect as by solid shot. The fuses

are made of gun-metal, and are screwed into the

rear of the shell through a gun-metal bushing. In
the front of the fuse plug, in a cylindrical recess, is

placed a small cylinder of lead behind a gun-metal
hammer, which is suspended by a wire. In front

is placed the fulminate upon a disc in contact with
a pellet of compressed powder. When the gun is

discharged the leaden cylinder is compressed, and
the hammer is liberated by the shearing of the wire
which suspended it, and so soon as the shock of

impact occurs, the hammer springs forward, and,

striking the fulminate, explodes the shell by means
of the powder pellet. The act of explosion, how-
ever, occupies a space of time sufficient to allow of
the passage of the projectile through the wooden
sides or the thinly armored walls of a ship.

Three experimental rounds were fired with shells

provided with these fuses with the object of ascer-

taining whether the efficiency of the Palliser pro-
jectile would be impaired when fired against thick

plates. In all these rounds a complete penetration

was effected, as well as a marked superiority in the

amount of damage.
The experiments of the day were completed with

some rounds] fired from a 9-pounder Indian brass

field gun, to ascertain the value of a new fuse, being

a combination of the service Boxer wood time fuse

and a modification of Captain Freeburn's concussion
fuse, adapted for light field pieces as well as for

heavy guns

—

Engineering.

PONTOONS FOR TRANSPORT SHIPS. Ahoilt tWO
years since Admiral Mends proposed the con-

struction of pontoons for the service of the new very

large transport ships Serapis, Euphrates and Croco-
dile. The first pontoons which were constructed

for the Serapis were of cylindrical form, and were
built of steel by Maudslay. Four were made to

constitute the raft, the weight of each being about

2^ tons. On the trial of them before the naval and
military authorities at A\

roolwich, it was suggested

that pontoons constructed of Mr. Clarkson's cork

material would possess qualities of lightness,

strength, and buoyancy peculiarly suitable for the

operations such pontoons would be called upon to

perform, and that they would also be more easily

repairable if damaged by musketry fire. Four pon-
toons of the following dimensions were ordered for

experimental trial, and these were launched into the

Thames on Monday last. Their dimensions are

:

Length, 36 ft. ; diameter, 4 ft. 6 in. A light frame-

work is made of wood as the skeleton of the struc-

ture. The form is then completed by planking of

\ in. thick pine wood, both sides of which are cov-

ered by stout canvass adhering to the surfaces by a
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waterproof solution. Over this sheet cork is applied

t>y the same adhesive substance; the whole pontoon
is coated with the solution, and a strong jacket of

canvass is superadded as the external covering.

The advantage of this material is that it possesses

elasticity and such capacity of cushioning blows that

the vessel receives no injury from such concussions

as would be liable to fracture or indent metal struc-

tures;, and with the passage of shot there is an ab-

sence of splinters, and a natural tendency on the

part of the cork material to close up the orifice

made by the missile. The four pontoons were man-
ufactured in London, and floated down the river to

the factory of Messrs. Maudslay, Sons and Field,

where they were fitted together by spars and lash-

ings, and a stage or platform for landing or embark-
ing guns, troops, horses, &c, erected upon them.
The pontoon was then towed down by the Bustler,

Admiralty steam tug, to Woolwich dockyard.

The Turret Ship Monarch.—The following notes

of the dimensions and performance of the two-
turret armored ship Monarch will be found of inter-

est :

Length between perpendiculars. . . 330 ft.

Extreme breadth 57 ft. 6 in.

Depth of hold 18 ft, 8 in.

Tonnage 5,102 tons.

Draught load on trial—forward. . . 21 ft. 10 in.
" " —aft 25 ft. 8 in.

Displacement " 8,070 tons.

Engines, nominal HP 1,100.

Cylinders, diameter 120 in.
" stroke 4 ft. in.

Indicated on measured mile 7,842 HP.
Revolutions, mean " 63.61 "

Indicated on six hours' trial 7,470 '*

Revolutions, mean, six hours' trial, 62.67 "'

Steam in boiler, measured mile .... 3 1 .33 lbs.

" " six hours' trial.... 30.58 "

Midship section 1,208 sq. ft.

Mean spjed, measured mile 14.937 knots.

V3 MS
" 513.4

I H P
Y3 Dg
I H P 171

Mean speed, six hours' trial 14.715 knots.

Co-efficients as above 515.3 and 171.6.

The Monarch has nine boilers, containing forty

furnaces, the area of grate being 770 sq. ft., while
the total heating surface is 20,900 sq. ft. There
are 3,600 sq. ft. of superheating surface, and the

surface condensers present 16,500 sq. ft. of surface.

The Griffiths' screw is 23 ft. 4 in. in diameter, and
23 ft. pitch. The armament of the Monarch con-
sists of two 25-ton rifled guns in each turret, be-
sides three smaller guns on deck. Each turret is

26 ft. 6 in. in external diameter, and 22 ft. inside,

the solid rolled plates around the ports being 10 in.

thick, while at other parts of the turrets the thick-
ness is 8 in.

—

Engineering.

The Stevens Battery.—The celebrated " Stevens
Battery" is still at the yard in Hoboken, where

her keel was laid long ago. The ban of secrecy has
not yet been removed from the work on the vessel,

which, however, is still steadily progressing. Our
reporter visited the yard yesterday, and was enabled
to gain a few facts in regard to the construction of
this modern marine monster. The vessel as she

stands is 250 ft. in length, 30 ft. in breadth and draws
27 ft. of water. Her hull is composed of teak wood
two feet in width, with a covering of four inches of
iron, which is screwed on with copper bolts. Her
decks are composed entirely of iron, and the battery
which she is to carry, is to consist of four guns of
enormous caliber, throwing a solid ball of 700 pound
weight. She will have two screw propellers, and
it will be impossible for her to turn within a space
equal in length to that of the vessel. General
McClellan is at present superintendent of the work,
and he has 180 men employed. The ram is to be
completed during the year 1871, when it will be
presented to the State of New Jersey, as a protec-
tion to New York Harbor. Thus, says a New York
Daily, very correctly, only the length of the vessel
is 420 ft. instead of 250, and 45 ft, beam instead -of

30; and she is built of iron instead of teak.: Ed.
y. n. m.

Improvements in Muskets.—The equipment of a
musketeer, as late as 1689, was very cumbrous..

He was provided with a heavy wooden fork, which
he had to stick into the ground with the prongs

.

uppermost, to serve as a support for his matchlock,
which he had to load with his powder-horn and..

measure, keeping the ball meanwhile between h&
lips. The wadding he had to get from his hat..

Nevertheless, the wheel-lock, provided with pyrites,

instead of flint, had long been invented, but seems

.

never to have come into general use in armies, ex-
cept for cavalry pistols. The French lock which;
preceded the percussion system was invented as.

early as 1640, though it, of" course, received suc-
cessive improvements. But even before that time
Gustavus Adolplms had introduced a great improve-
ment in musketry, by reducing the weight of the
piece to 10 lbs. instead of 15 lbs. This enabled the
soldier to do away with the fork, and therefore in-

creased the rapidity of the fire. The bullet weighed
an ounce. Another improvement of his was the
paper cartridge, which, however, at first only con-
tained the powder, the bullets being kept in a bag.

Palliser Mortar.—A 13 in. sea service mortar
of five tons weight has been ordered to be con-

verted upon Major Palliser'splan into a 9 in. rifled

mortar of about 6^ tons weight, to fire the 9 in. ser-

vice rifled shell, which contains a bursting charge
of 18 lbs. of powder. The bore of the mortar will

be elongated to about 4 ft. 6 in.; and a range of
about 7,000 yards is expected to be obtained from
a charge of 20 lbs. of powder. Some further ex-
periments are being carried on with two 10 in. shell

guns, which are being converted respectively into

an 8 in. and a 7 in. rifled gun, in order to determine
the most suitable caliber for the conversion of cast

iron 10 in. shell guns. The whole of the 212 8-in. guns
converted into 6.3 in. rifled guns by Sir Wm. Arm-
strong & Co. have been passed into the service, and
200 more are in course of conversion in the royal
gun factories. It is probable that a considerable

number of guns will be converted next year for land

defenses, the whole of the above 437 guns being for

the navy.

Harvey's Sea Torpedoes.—A considerable num-
ber of these formidable machines have been

supplied by the maker, Mr. William Nunn, of St.

George street, London Docks, to the Russian Gov-
ernment.
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Foreign 20-in. Gun.—Some interesting experi-
ments have taken place at Perm with a new 20

in. gun, cast in the foundry of that town. The
trials made with this gun, under the direction of
Major General Prestitch, commandant of the Cron-
stadt artillery, are described in the officiale rports

as having been very successful, and more satisfactory

in their results than had been the case with Amer-
.
ican guns of the same caliber. The gun was tired

31-1 times; the projectile weighs 10 cwt., and the
charge of powder required for each shot was 130
lbs. The weight of the gun is about 50 tons, the
recoil 7 ft., the initial velocity of the projectile 1120
ft. per second, and the percussion force at a dis-

tance of 50 ft., about 10,000 tons. The official

papers say this is ' the most powerful gun in

Europe.

Explosive Compounds.—Mr. F. A. Abel, has
communicated a long paper to the Erench

Acidemy on the properties of explosive compounds,
which contains the results of experiments with
gun-cotton, gun-powder, nitro-glycerine, &c. He
accounts for the difference remarked in the nature
of the explosion produced by various substances
when they act upon matter of a different kind by
supposing that the explosion produces a certain kind
of vibration that may or may not be synchronic with
that produced in the body operated upon by the ex-
plosion.

Armstrongs for Greece.—The screw steamer
Hotspur has lately sailed from Lynn for the

Tyne, and taken on board a cargo of Armstrong
guns. These Armstrongs are intended for the
Greek government.

RAILWAY NOTES.

Great Western New Narrow Gauge Engines.
—The following are the principal dimensions of

the new locomotive engines of the Great "Western
Company. The boiler is 10 ft. 6 in. in length, and
4 ft. diameter inside. It is of 7-16 in. plates, the
tube plates are f in., the angle irons 3£ in., the
rivets f in. diameter, are 25 in. between centers;
there are six stays of an inch diameter, and two
gusset stays. The outside fire-box is 5 ft. 1 in.

long, i>y 4 ft. 1£ in. broad, and as regards height is

flush with the barrel; it is 2 ft. 8 in. below the
boiler., and is of 7-16 in. plates, bound by fin.
rivets at 1| in. centers; it has 540 stays g in. diam-
eter; the distance of the copper stays apart average
4 in. The inside fire-box is of copper, and is 4 ft.

6 in., long by 3 ft. 6 in. wide, and is 5 ft. 6 in. from
the bottom to the top of the box ; it has nineteen
fire-bars 1 in. distance apart; the area of the fire-

grate is 15.75 ft. The superficial area of the box
is 87 ft. ; the steam-pipe is 5 in. diameter. The
tubes, iron, are 10 ft. 9| in. long; in outside diam-
eter 2 in. and If in.; they are 2f in. between cen-
ters, and in number are 161 of 2 in. and fourteen
of If in., or 175 in all, giving a superficial area of
999 square feet, and a total heating surface of 1,086
square feet. The smoke box is 2 ft. 5| in. in length,
by 4 ft. 81 in. broad, and of ^ in. plate. The chim-
ney is 1 ft. 4 in. diameter, of g in. plate, and has
an extreme height of 14 ft. 6 in. above the rail.

The blast pipe, of cast iron, is 4f in. diameter at
the top, and is 3 ft. 6 in. high. The pumps, brass

have a 2 ft. stroke with a plunger 1!\ in. diameter.
The diameter of the waterway is 2^ in.; distance of
centers, 3 ft. 7 in.; rise and fall of pump clack seat
3-16 in. The safety valves, brass conical, are 4 in.

diameter, with 3 ft. centers of levers. The cylinder

is 16 in. diameter; stroke, 2 ft.; distance of cen-
ters, 2 ft. 3 in.; distance below boiler, 1 ft. 5| in.;

distance of centers of valve spindles, 4-£ in. The
back and front flanges have ten bolts, J in. diameter,
in each. The cylinder is J in. thick; the piston rod
2\ in. diameter. The distance between inside of
ports is 2 ft. l{ in. The ports are 1 ft. 2 in. in

breadth; length of steam, If in.; length of ex-
haust, 3^ in.; thickness of bridge, |- in. The slide

valves travel 4 in.; the lead is 3-16 in. to 5-16 in.;

lap on steam side, 1 1-16 in.; and the eduction
overlap, g in. The four eccentrics of cast iron,

with patent white metal rings, have 3 1-16 in. throw

;

diameter, 1 ft. 2J in.; breadth, 3£ in. The regula-

tor, cast iron, with brass slide, has two steamways,
6£ in. by 1 in. The motion bars are 4 ft. 2| in.

long, 3 in. broad, and 2} in. apart. The driving-

wheels are 5 ft. diameter; the outside tire is 5§ in.

broad by 2g in. thick; the wheels are 4 ft. 5| in.

apart; and the cone of the wheel is 1 in 15. The
leading wheels are 3 ft. 6 in. in diameter; distance

of wheels same as the driving-wheels; cone of
wheel, 1 in 10. The trailing wheels are 5 ft. diam-
eter, same distance apart; cone 1 in 10. The dis-

tances of the centers of the wheels are—driving-

wheels from leading Avheels, 7 ft. 3 in. ; driving-

wheels from trailing wheels, 8 ft. The laminated
steel springs for the driving axle are 3 ft. 5^ in.

long by 4 in. broad, and consist of fifteen plates,

giving a depth of 5f in. at the center. The springs

for the front axle have seventeen plates, and are 6-£

in. thick in the center. The extreme length of the

frame is 25 ft. 2 in., and the breadth 4 ft. 4f in.

The buffers are 3 ft. 3 in. in height from the rail,

and 5 ft. 10 in. between centers. The suction pipes,

of copper, are in height 1 ft. 3 in. from the rail

;

distance of centers 3 ft. 9 in.; diameter of water-

way, If in. A tender to these engines needs no
description, seeing that they have none. They (the

engines) are supplied each with two tanks fixed on
platforms over the frames ; the capacity of the tanks

is 395 gallons each. Coal is carried in a bunk at

the back of the foot plate. The tank capacity of

an engine, it will be seen, is 790 gallons, but in

practice they are never charged with this quantity.

The tanks are usually filled to a height of about 13

in. from the top, this restricted height being found
necessary for the efficient working of the condensing
apparatus. With water to this level, and with coke
and sand-boxes full, ready for a trip, the loaded
engine is 33 tons 4 cwt. in weight, borne thus :

—

Leading wheels, 9 tons; driving wheels, 12 tsns 2
cwt., and trailing wheels. 12 tons 2 cwt. The weight
is reduced to about 31^ tons at the end of a moder-
ate journey. These engines, it may be repeated,

have more than fulfilled all the expectations that

were entertained concerning them when they were
designed and constructed. We have already had
occasion to speak favorable of them in our impres-
sion for May the 14th. The weight of the various

engines now working the Metropolitan Railway, is

about as follows :—Metropolitan Company's engines,

42 tons nominal; Midland engines, 45 tons nominal;
Great Northern engines, 33 tons nominal; Great
Western narrow gauge, 33 tons 4 cwt. actual.

—

The
Engineer.
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UNDERGROUND RAILWAY LOCOMOTIVES. Mr.
Buekhout, in his report on the New York City

Central Underground Railway, describes a general

design, and comments as follows :—Gauge, 4 ft. 8|
in. Fuel'

;
anthracite coal or coke. Cylinder, 14

by 22 in., four 56-in. driving wheels, steel tyres, all

Hanged. Two single axle radiating trucks, one at

each end, wheels 30 in. in diameter. Furnace of

steel; 126 two-in. flues, 10 ft. 5 in. long. Tank on
each side of engine to contain 1,500 gallons. The
engine also to be supplied with a blower or steam
jet. The engine to be so arranged as to throw the

exhaust steam into the tanks so as to condense it,

or throw it up the chimney for the purpose of blast

for raising steam, and so that the engineer can make
the change instantly as required. This engine will

take 80 tons in addition to its own weight (88,000
lbs. in running order), with 1,500 gallons of water
in the tank, and 600 lbs. of coal, up grades of 1 in

39, or 38 ft. per mile, with a pressure as low as 80
lbs. per in. (if the steam should get so low), cutting

off at 60 per cent admission, it being intended to

carry a maximum of 130 lbs. per inch. About
1 ,400 gallons of water will be required for the con-

densation of the steam for the distance of two miles,

consequently it would require changing every four

miles, if the steam were condensed for half that

distance. The tanks to have a discharge valve by
which the water can be let out quickly, when it re-

quires changing. The fixed wheel base to be 6 ft

9 in., and the whole base, including the radiating

trucks at each end, to be about 21 ft. 9 in. With
this arrangement the truck wheels will not require

to radiate over 3^ in. from a straight line, on curves
of 200 ft. radius, which is much within the limits

of its capability. With equalizing levers, as ap-
plied to this description of engine by Mr. Hudson,
two-thirds or more of the weight can be carried on
the drivers, and the arrangement is such as to ac-

commodate itself to all the vertical and lateral un-
dulations of the track, without varying the distri-

bution of the weight on the wheels; it is also ar-

ranged so as to be equivalent in action to a four

wheel center bearing truck at one end, and to a four

wheel side bearing truck at the other end. In ad-
dition to these properties the engine can be run
either end foremost with great facility and equal
safety : a feature not embraced in any four driving
wheel single truck engine. It has therefore special

advantages in saving the time usually occupied in

turning an engine around so as to run truck fore-

most. It has another advantage. The trucks do
not deviate from the center line of engine nearly as

much as a faur driving and four wheel swing truck
engine does on the same curve, being some 50 per
cent in favor of the double truck.

COAL AND SMOKE CONSUMPTION, ON THE PENNSYL-
VANIA Railway.—In 1859, arrangements were

made for a thorough and favorable trial of the Gill

patent for smoke and gas consumption, and in the
Report for that year (13th A. R.) the Master Me-
chanic expressed himself as satisfied that " the true
secret of consuming smoke has been discovered and
rendered practicable." This plan included a "com-
bustion chamber," which it was hoped could be dis-

pensed with—a fire-brick deflector being intro-
duced, involving the same principle. Supt. Scott
was also sanguine that a saving of 50 per cent in

the cost of fuel could be effected. Although the
results are favorably spoken of in the late Report

(14th A. R.) it does not appear that the end was
attained, although the deflector which was largely
introduced (costing $50.00) was regarded as econo-
mical, on account of enabling the Company to go
back to the plain fire-box which, aside from pos-
sessing conditions favorable to combustion, was
accessible for inspection and repairs. In the same
year (1863), experiments were made with anthra-
cite, an engine being built expressly therefor, with
the latest improvements, but it was found that this

fuel would not make steam freely enough on long,

fast runs with heavy trains. Experiments are now
making with an apparatus for bituminous coal, in-

vented by J. T. Rich, of Philadelphia, who puts
into the fire box a "dead plate," extending from
side to side, sloping from a short distance beneath
the door, and then turning down perpendicularly
to the great-bars. Above is a fire-brick arch ex-
tending from the back well forward, around which
the ascending flame must pass toward the front.

Outside the door is a hopper, constantly supplied
with coal, which it passes in, as that already in the
fire-box works down to the dead plate. A fire

being started on the great cokes, the coal on the
dead-plate; and the heat is utilized by passing
around the arch and through the flues. As the
coke thus made itself burns away—its heat and
gases, without smoke, passing through the flues

—

new coal constantly works down and undergoes the
same process. The experiments thus far show
there is no doubt that the process will result in

almost entire freedom from smoke ; but the practical

question whether steam can be made fast enough,
is not yet decided. Experiments are also making
with coke already prepared; and it is deemed cer-

tain, should Mr. Rich's device not succeed, that

coke, which can be obtained at morderate cost will

be successfully used.— Chicago Railway Review.

Uniformity of Locomotives.—The "American
Railway Times" makes the following statement

which was doubtless intended to be severe :

" Two years ago the Pa. R. managers determined
to reduce their rolling stock down to some such sim-

ple system as we have indicated ; and they have
succeeded in reducing the varieties of engines down
to 40, in a total equipment of 456 engines. This

may be called a reductio ad absurdum.
Truly to your genuine nothing-if-not-critical Bos-

ton art, " Seneca cannot be too heavy, nor Plautus

too light." The " Times" borrowed, and isolated,

an expression in the ;

' Review's" article, and
chose to interpret it without reference to the full

accompanying explanations. The 456 locomotives

on the road are all referable to these three classes

:

1. Standard Passengers, having 17x24 in. cylin-

ders, and 5 1 ft. drivers.

2. Standard Freight, 40-wheel, having 18x22 in.

cylinders, and 4| ft. drivers ; and,

3. Standard Shifting, 6-wheel, having 15x18 in.

cylinders, and 44 in. drivers.

Of the first class, there are two modifications

—

the Mountain Helper, having 18x24 in. cylindei, 5

ft. drivers, and large boiler; and a local and fast

freight engine differing only in the diameter of the

driver, 5 ft.

Of class 2 there is but one modification—

a

Mountain engine having 4 ft. drivers, and larger

boiler. These are the only classes recognized; and
of all these, the important working parts (castings)

are interchangeable—such as driving-boxes, ecceu-
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trie stops, etc. Of patterns there are still well
nigh as many as of manufactures ; hut these em-
brace only those which have been many years in

use, and to have changed which to uniform standard
or pattern would have necessitated their cutting-up
long before this time of service had expired. The
P. R. like most roads in the beginning, purchased
engines of many different manufacturers ; and as

these wear out, their patterns disappear, so that

within a few years there will be not only one
invariable standard of construction, but of style.

—

Cur. Chicago Railway Review.

Improved Locomtive Alarm Bell.—There has
been a recent trial on the Detroit and Mihvaukie

Railway, of an invention or device for ringing the

locomotive bell continuously. The device consists

of placing an ordinary bell, weighing about 100 lbs.,

on the front of the locomotive just over the cow-
catcher. A rod attached to the eccentric shaft

causes a clapper to strike the bell each turn of the

driving-wheel. The bell is suspended loosely, and
revolves from the force of the stroke it receives, so

that all parts of its surface are equally exposed to

wear.

The advantages of this arrangement are a

continuous sound, slow or rapid in proportion to

the speed of the engine, each revolution of the

wheel producing a stroke of the bell. In case of

accident the railway company can always prove
that their bell was ringing according to law, that

being the point most difficult to convince a jury,

and the one which railways have the greatest diffi-

culty in proving. Owing to the position in which
this bell is placed—in front of the engine and about
three feet from the ground—the sound can be dis-

tinctly heard about three miles in day time, and by
night four miles or more, the ground and the con-
tinuous rail, both excellent conductors of sound,
assisting in carrying the vibrations. The bell may
also be rung, if necessary, by a cord from the foot

board when the engine is at rest. Quite a number
of these bells have been placed on the engines of

the Detroit and Mihvaukie Railway, and several

other companies are giving them a trial. The in-

ventor is Mr. Ben. Briscoe, the master mechanic of

the Detroit and Milwaukie roa 1, who has charge of
the locomotive works of the company at Detroit,

Michigan. He is one of the numerous graduates
from the Baldwin Locomotive Works at Philadel-
phia.

—

American Railway Times.

Iron Cars.—The " Ironmonger" suggests the
desirability of constructing trains wholly of iron.

They might be so constructed of this material as

certainly to offer greater power of resistance in case
of collision, and this without materially augmenting
their weight, whilst the danger from fire would be
almost nil. With strong frames, properly braced,
the sides might be covered with comparatively thin
sheets of iron. Railway companies cannot certainly
be expected, in view of the large intermediate out-
lay that would be involved in an entire change of
rolling stock, to carry out at once the suggestion,
but the transformation might be effected gradually,
and all carriages hereafter constructed might be
of iron. These iron cars would doubtless be more
lasting, and, in the end. more economical. Our
large iron manufacturers would do well to give this
subject their attention.

TPiie Shops of the Pacific Railway at Sacra-
JL mento.—There are now 100 locomotives at the
western end of the road—belonging to the Central
Pacilic Company—of which 5J9 can he accommo-
dated at one time in the Sacramento round-house.
Its front measures Gil ft.; its rear, 411 ft.; depth,
61 ft.; and height, 24 ft. AVater for the engines is

supplied from a side tower, called the oil -house, in

the top of which is a tank containing 65,000 gallons
of water, and below the same two stories for offices,

and a cellar which holds seven great sheet-iron
1,000-gallon reservoir for oil, thus secured against
fire.

The wood-working and car manufactory is an-
other colossal building, 90x238 ft., of two colossal

stories, with straining-beam truss roof, whereby
the lower story is kept entirely free and unobstruc-
ted. There is also au L 45x90 ft. All the cars,

including doors, windows, and upholstery, are made
from California material, at a cost quite as low as
that of the same articles imported. Numerous
band-saws and other of the most complete modern
wood-working machines may be seen at work.
The machine-shop is 100x205 ft., beautifully

roofed, and tilled with superb iron-working machin-
ery adapted to railroad uses. This shop is intended
to do all the iron-work of the road, but local re-
pairing, for which shops have been built along the
line—as at Rocklin, the "foot of the hill," where
there is also a first-class granite round-house, and
where two or three additional engines are in readi-

ness to join the single one that does duty for fifty or
sixty cars between Sacramento and that place. In
the machine shop there are eleven pits, adapted for

locomotive repairs, and a traveling bridge, by which
locomotives can be picked up and lifted about like

toys. The finest engine on the coast furnishes the
power—a Corliss engine of 160 horse-power, built

in Sacramento.
A blacksmith-shop 60x150 ft., to contain 30

forges and three steam-hammers, completes the list

of buildings now erected.

Railways in New York.—The report of the

State Engineer and Surveyor of Railroads for

the last half year, gives the following statistics,

which may be interesting to your readers :

—

There are fifty-six different railways in operation

in the State, the aggregate length of which is

3,053.95 miles, and which have been constructed

and equipped at a cost of $208,185,782. Including

roads contemplated, the whole number is eighty-one,

with a length of 4, 567.99 miles. The oldest line is

the Mohawk and Hudson, opened for travel a distance

of seventeen miles, in 1831. The number of loco-

motives in use is 1,111 ;
passenger cars, 1,163; bag-

gage and mail cars, 362; freight cars. 17,934.

During 1868, the number of passengers of all classes

carried over the State was 18,434,300, and the

amount of freight 11,961,692 tons. The cost of

operating the roads was $15,250,716; the total pay-
ments, $48,274,476; and the total earnings, $49 -

377,790. The average rate of speed of ordinary

passenger trains, including stoppages, was 18.55

miles per hour, while the average speed of express

trains was 29.74 miles. The number of persons

killed during the year was 302, and the number in-

jured 358. Of these 104 were killed on the New
York and Erie road, out of 2,194,348 passengers

carried; on the Hudson River road 27 to 2,626,303;

on the New Haven road 6 to 2,192,910; on the Har-
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lem road 20 to 1,667,578; on the Long Island
road 4 to 823,000; on the Staten Island road
1 to 349,853. The total amount recovered as dam-
ages for injuries to passengers, which the various
companies were obliged to pay during the year, was
$528,310. The Erie road paid $198,135; the Hud-
son River Company, $20,745; the New Haven road,

$10,937; the Harlem road, $7,865; the New York
Central, $72,914; the Buffalo and Erie road, $196,-
405.

Steel Fire Boxes for Locomotives.—At the

late Master Mechanics' Convention, held at Pitts-

burgh, a committee was appointed to investigate

and report on the question :

Are steel plates preferable to the best iron jdates ?

and if so, does the difference in strength, safety and
durability, justify the difference in cost? Also,

how, in practical experience, does steel for furnaces

compare with copper ?

The committee reported much interesting testi-

mony bearing on the subject, among others, the

statement of an officer of the Northwestern R. Ii..

who said :

Fifty-one locomotive fire-boxes, made of copper
sheets half an inch thick, after thirty months' use,

show marked indications of wear, and will probably
have to be renewed in a short time. In some cases,

after less than three years' service, the original half-

inch sheets were reduced to less than one-eighth of

an inch.

With reference to the application of steel for the

purpose indicated, it was further stated by the same
party, that :

On the Northwestern road, a locomotive has been
run for eight years with a steel fire-box, which has

thus far shown no signs of wear, although the coal

and water used had proved extremely detrimental

to the iron and copper tire-boxes previously used
on the same division of the road.

On the Pennsylvania road, two locomotives fitted

with steel furnaces in 1861, still remain intact, and
two locomotives on the Baltimore and Ohio, fur-

nished in like manner about the same time, show
similar results. The committee unanimously and
emphatically concluded " in favor of homogeneous
steel plates for locomotive fire-boxes, at least of all

those that burn bituminous coal ; and that for boiler-

plates for general construction, this material com-
bines in a greater degree than any other, the requi-

sites of durability, safety and economy."

—

Chicago
Railway Review.

The Louisville Bridge.— The great railway-

bridge on the Ohio river, at Louisville, Ken-
tucky, will be ready for the passage of trains by the

end of the present month. It is one of the finest and
most important structures of the kind in the country.

Its total cost when complete will be about one and
one-half million of dollars. The length of the bridge

is 5,200 ft., or nearly a mile. It is supported by
twenty-five massive piers. The longest span is over
the middle chute, and is 370 ft. At this point the

bridge is 90^ ft. above low water mark. There is a

drawbridge over the canal of 114^ ft. clear span.

The grade from the Kentucky side is 82 ft. to the

mile, the grade on the Indiana side being nearly 79
ft. A long and heavy embankment is necessary on
the west side of the river, and that is nearly done.

This bridge in addition to its railroad uses, is built

for street cars and wagons, the supposition being

that at certain times of the day—only one-eighth
of the twenty-four hours—the railroad trains will

occupy the bridge, leaving it free the rest of the
time for ordinary travel. The estimates of this

grand structure tell the story of what it is. The
masonry cost $476,962, the iron superstructure

$776,090, the whole amounting to $1,600,000.—
Polytechnic.

Long Railway Running.—In a recent article we
referred to several instances of continuous rail-

way " runs " of from 76 to 97£ miles. AVe should
have instanced the mail trains on the South-Eastern
line, which, on the old line made 88 miles without
stopping. Via Sevenoaks, the distance, we believe,

is 75 miles. The engines have 16 in. (some of them
17 in.) cylinders, 22 in. stroke, and a single pair of

7 ft. driving wheels. The tenders contain 2,500
gallons of water. The usual train is from fourteen
to eighteen carriages, and the average speed is from
40 to 45 miles an hour.

—

Engineering.

A
Remarkable Railroad.—The most remarka-
ble railroad in Germany and Europe is the new

Black Forest road, which will be completed within

four years. Between Hornberg and St. George, sit-

uated 2,870 feet above the level of the sea, and but

four miles distant from Hornberg, the railroad as-

cends nearly 2,000 ft., and passes through 27,000 ft.

of tunnels. Eleven thousand feet of the latter have
been completed during the last two years. The
truly cyclopean work on the road is progressing

rapidly, and attracting thousands of visitors, who
flock there from all parts of Southern Germany
and Switzerland.

—

Polytechnic

NEW BOOKS.
seful Information for Railway Men. By
W. O. Hamilton, Engineer. D. Van Nostrand,

23 Murray street, New York.
We can fully indorse the following notice of this

excellent work from '-Engineering:"

This pocketbook, which in its original form and

first edition was intended to serve no other purpose

than a useful advertisement, has in its second issue

developed into a vade mecum, which will be found

more comprehensive and more serviceable than any

work of the same kind in existence. The author,

Mr. W. G. Hamilton, who is the manager of the

Ramapo Wheel and Foundry Company, an estab-

lishment but recently established, yet now doing

almost the largest business in chilled cast-iron

wheels in the United States, contemplated originally

the compilation of such a pocketbook from existing

works of the same nature, and supplemented by his

own notes and those of some other American engi-

neers, as would be compressed into a small volume,

that would carry its own recommendation as well as

that of the business for which it served as an adver-

tisement. This edition, which was a very large one,

was gratuitously circulated throughout the United

States, and led to so large a demand that the author

determined upon producing a second edition, in

which the Ramapo Foundry should make no obtru-

sive appearance. This is the issue under notice.

It consists of 569 pages of very closely printed

matter, in which are contained the bulk of Moles-

worth's, Hurst's and Nystrom's pocketbooks, copi-

ous compilations from the principal scientific wri-

ters, and, above all, a large compendium of United
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States' railway practice. Of course a great deal of
' its contents have a special value for the American
engineer, but these notes recommend themselves
most strongly to ourselves, as representing the latest

and best practice in the States. The index contains

nearly a thousand items, many of which are illus-

trated sufficiently well to explain fully the subject

to which they refer. The extent, cost and general

particulars of American railways are given, the

standard specification of rails upon the principal

railways, the dimensions and description of rolling

stock, the most recent improvements in locomotive

practice, and epitomes of the financial management
of railways. It would, of course, be impossible to

convey an idea of the almost endless subjects upon
which this little book touches, in each case profita-

bly : it must suffice to recommend it, and to trust

that it may be placed within the reach of English

engineers.

The Polytechnic.—A Semi-monthly Paper de-

voted to the interests of Polytechnic and Scien-

tific Schools, and a Record and Review of Civil,

Mechanical and Mining Engineering, Natural Sci-

ence and General College News, Troy, New York.
Montague L. Marks, Editor and Proprietor.

We can best state the character of this excellent

publication by quoting from its prospectus

:

" In adopting the name Polytechnic, our design

has been two-fold, viz : First, to identify closely

the title of our publication with that branch of

knowledge, to the advancement of which it is espe-

cially devoted; and Secondly, By the general sig-

nificance of the name as applicable to all Polytech-

nic and Scientific Schools, to demonstrate the de-

sign of the publisher to make the Polytechnic their

common mouthpiece. By arrangements that Ave

have made with some of the most able contributors

to scientific periodicals in this country, and with

other gentlemen of known ability, in each issue of

the Polytechnic will be found valuable and original

articles on subjects of general scientific interest.

We shall devote a portion of our columns to items

of current general scientific news selected and con-

densed from the best American and European pa-

pers and magazines. We have established a corps

of correspondents at the various Polytechnic and
Scientific Schools, and at the Scientific Departments
of the principal Colleges, and from them we shall

receive news on all topics of interest connected with

their several localities."

We can assure our readers that the Polytechnic

answers fully to this specification. And it is per-

haps more elegantly " got up" than any other

American scientific publication.

A Treatise on Land Surveying, in theory and
practice, giving the best methods of survey-

ing and leveling, for statistical, estate and en-

gineering purposes, together with full explanations

of the construction, adjustment and use of theodo-

lites, levels and other instruments required in the

field and office work of surveying and leveling. By
John A. Smith, Civil Engineer, London. Long-
mans, Green & Co., 1869. For sale by Van Nos-
trand, New York.

This work is well spoken of by the " Mechanics
Magazine," which says :

While on the one hand the author has to travel a

good deal in a well-worn path, it is open to him on
the other to strike out a few fresh branches, without

actually deviating from the main line, lie has
availed himself of this opening, and also treats the
whole subject in that advanced style of mathemat-
ical and geometrical investigation which it is now
able to bear. In former times, surveyors as a rule,

were not educated men in any sense of the term,

and a book similar to the one uuder notice, would
not have been appreciated as it deserves to be. At
the same time it must not be imagined that the

author has plunged into the regions of abstruse

mathematics. On the contrary, the formulae aud
rules he gives are of a simple and practical nature,

and may be easily mastered by any one possessed of

that moderate amount of algebraical knowledge
which all professional students acquire as a matter
of course.

An International Floating Tunnel. By E.
W. Young, C. E. London, E. 8c F. Spon, 1869.

For sale by Van Nostrand.

In the plan laid down by the author, it is pro-

posed to construct between Dover and Cape Gris-

Nez, a wrought-iron tunnel, in sections of from 200
to 300 ft., to float these into position and lower them
into place at a certain depth below the surface of

the water, where the joints being made good by
divers, they would form one continuous tube across

the Channel. Mr. Young thinks that the tube be-

ing buoyant it would have to be held down to the

proper depth by means of anchor-chains attached to

huge blocks of beton. The passage of trains would
not materially affect the buoyancy, and the tube
being placed below the surface would not be injured

by the violence of the waves. Air would be sup-
plied by a number of lighthouses placed along the

line of the tube. Numerous sections and illustra-

tions accompany Mr. Young's description, but we
fear that his ideas will not receive the support of

practical men. We think he underrates the difficulty

of submerging and repairing such a tube as that he
contemplates, and that he likewise insufficiently

considers the terrible influence of the tidal currents

on so large a mass.

—

Scientific Opinion.

Society of Engineers' Transactions for 1868.

—Spon, 48 Charing-cross. For sale by D. Van
Nostrand. 23 Murray street, New York.

In the volume of this Society's Transactions just

published, abundant proofs are evident of the in-

creased care bestowed upon it by its editor. The
volume contains nine papers, the three first of which

by Dr. Edward Cullen, may be classed as one, be-

longing, as they do, to the same subject—improved
communication between the Atlantic and Pacific,

via the Isthmus of Darien. A paper on Engineering

in India, by Mr. C. F. Danvers, and several minor
contributions, brought the session nearly to a close,

its two final meetings being occupied by Mr. Baldwin
Latham's elaborate paper on Steam Cultivation, in

which he deals as exhaustively with his subject as

he did in his inaugural address, where sewage formed
the piece de resistance. To Mr. Latham and to

Dr. Cullen, the volume owes the bulk of its hand-
some collection of finely executed lithographs.

—

Engineering.

A Text Book of Chemistry. A Modern and
Systematic Explanation of the Elementary

Principles of the Science, adapted to use in High
Schools and Academies. By Le Roy C. Cooley,

A M., etc. New York, Charles Scribner & Co.,

1869.
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The Principles of Perspective Illustrated
in a Series of Examples. By Henry D.

Humphris. Descriptive Treatise and Atlas of Ex-
amples. London : Chapman & Hall. 1869.

Mr. Humpliris, who is the son of an architect

well known in his locality, has issued what is rather

a series of examples to illustrate the principles of

perspective than an elaborate essay on the science.

They are drawn out of good size, and will be found
Very useful to art-masters, architectural students,

and others. Mr. Humphris rightly points out that

it would be useless to read the letter-press and look
at the plates, and to imagine that a knowledge of

perspectives is to be obtained by any such means;
while to copy the figures line for line from the ex-
amples would be time as badly spent.— The Builder.

Five Hundred and Seven Mechanical Move-
ments. By Henry T. Brown, Editor of the

American Artisan. New York, Virtue & Yoston.
For sale by Van Nostrand.
The public attention has been largely called to

the book, but until every artisan, and especially

every mechanician possesses it, we do not think too
much can be said of its value. It consists simply
of engravings and descriptions of 507 methods of

transmitting or changing motion and power, in all

the departments of mechanical construction, and
running through every variation and combination of

the mechanical powers, in gearing, escapements,
water wheels, hydraulic machines and miscellaneous
machinery. It contains a great many facts and a

very little preaching, which is the best thing we can
say of any book.

SPECTRUst Analysis.—Six lectures delivered in

1868, before the Society of Apothecaries of

London. By Henry E. Rosooe, B. A., Ph. D., F.

R. S., Professor of Chemistry in Owen's College,

-Manchester. London, Macmillan & Co., 1869. For
sale by Van Nostrand.

It was time that the general public should be
made familiar with the grand facts and principles

of spectroscopic analysis, and we therefore at the
outset publicly thank Professor Roscoe for coming
forward as the interpreter between the student of

science and the educated members of the commu-
nity. He has taken upon himself a task whose im-
portance is only equaled by its difficulty, and it is

only just to him to express our opinion that he has
discharged a complex duty with ability and success.—Scientific Opinion.

A Manual of the Hand Lathe. Comprising
concise directions for working metals of all

kinds, ivory, bone and precious woods; dyeing, col-

oring and French polishing; inlaying by veneers,

and various methods practiced to produce elaborate

work with dispatch and at small expense. By Eg-
bert P. Watson, late of the Scientific American,
author of " The Modern Practice of American Ma-
chinists and Engineers.'' Illustrated by 78 engra-

vings. Philadelphia, Henry Carey Baird, Indus-
trial Publisher, 406 Walnut street. Price $1.50.

A Popular Outline of Perspective or Gra-
phic Projection; Parallel, Diagonal, Pan-

Angular, Graceful. By Thomas Morris, Arch-
itect. London : Simpkin, Marshall & Co. 1869.

The Stepping-stone to Architecture. By T.
Mitchell. London, Longmans, Green & Co.

Railway Economy : Use of Counter-Pressure
Steam in the Locomotive Engine as a

Brake. By M. L. Le Chatelier, Ingenieur-en-

Chef des Mines. Translated from the author's

manuscript by Lewis D. B. Gordon, F. R. S. E.,

Honorary Member of Institution of Engineers in

Scotland. Edinburgh, Edmonston & Douglas.

The Elements of Building, Construction and
Architectural Drawing. By Ellis A. Da-

vidson. London and New York, Cassell, Petter &
Galpin. For sale by Van Nostrand.

MISCELLANEOUS.
Surface Condenser Tubes.—Rolled sheet cop-

O per is now quoted at about 80/. per ton, equal

to a little more than 8^d. per pound, although the

nominal quotation by the pound, is lOd. Solid

drawn copper condenser tubes of from |in. to 1 in.

in diameter, and sold only by the pouud, are, on
the average Is. lOd. per pound, showing a charge

of at least Is. per pound, or more than the value of

the metal itself, for the mere process of drawing

—

a process as tedious as it is trying to the metal.

The usual thickness of these tubes is No. 18 of the

Birmingham wire gauge, or one- twentieth of an
inch. By the old process of drawing it would not

be safe to make them much thinner on account of

the risk of their splitting, the very process of draw-
ing inducing longitudinal weakness, a weakness not

found either lengthwise or Widthwise of rolled cop-

per sheets. Copper of No. 18 gauge weighs about

2 lbs. 6 ozs. per square foot, and as a foot of \ in.

tube would require one-quarter of a square foot of

plate, it works out that 2§ lbs. of copper would
make four lineal feet of such tube, costing from
Is. 9d. to 2s. for metal, and selling for 4s. 4d. equal

to a charge of from 7d. to 8d. per foot for drawing
alone.

But copper of No. 18 gauge is only employed
because of the risk of drawing it thinner. No. 28

gauge, of but half the thickness, and therefore of

but half the weight, would be abundantly strong

for a small surface condenser tube withstanding but

25 lbs. or, at the most 30 lbs. pressure per square

inch, whereas its full strength, if sound, should be

equal to an internal pressure of at least a ton per

square inch. Yet with No. 18 tubes, which ought

to withstand two tons per square inch, the highest

test pressure adopted by some of our leading mar-

ine engineers is but 60 lbs. per square inch. And
this is enough, being at least twice what the tube

ever has to withstand. If the tubes could be made
of half the thickness, that is, No. 23 of the Birm-

ingham wire gauge, they would conduct heat even

more rapidly than when of No. 18 gauge, and thus

even less condensing surface, and, therefore, even

less than half the weight of tubing would be requi-

site.

But the cost of drawing, viz : 7d. to Sd. per foot,

is in itself enormous. The tube machine exhibited

at Messrs. Robert Stephenson &, Co.'s works during

the Newcastle meeting of the Mechanical Engineers,

and now again working, we believe, at Messrs.

George England & Co.'s works at Hatcham, can

convert sheet metal into tubes at a cost, for manu-
facture, not exceeding half a farthing per foot.

The joint made is a mechanical joint only, but it

has been tested to more than three times the proof

test we have named, and that without the slighest
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suspicion of a leak. With the success, already
reasonably certain, of this mode of making tubes,
it will be matter of surprise, if $ in. condenser tubes,
now costing 13 d. per foot, are not brought down
to 5 d. No combination of the simplest mechanical
movements has for a long time been announced with
any claim to the genuine merits of the American
machine.

—

Engineering.

Telegraph Enterprise.—The disposition of the
public to pay attention to telegraphic enter-

prise is attended by the usual result of a multipli-
city of projects being hurried out, but the events
of 1866 are not yet sufficiently remote to admit of
the prospect of danger. The French Atlantic ca-
ble being only a few weeks old, anew one from Ire-
land to ATova Scotia of a light description, to cost

£450.000, is now talked of, which is to do the work
of the existing cables at half-price. If the capital

could be found and the line successfully laid, the
shareholders would probably be informed within a
month that a fresh one of still lighter construction
would be proposed, which, at a further reduction of
50 per cent in the tariff, would still be expected to

prove highly remunerative. That the progress of
electrical science will ultimately cause the cables
of the preseut day to appear cumbrous can hardly
be doubted, but much further experience will be
necessary before any very costly experiments in

that direction can be ventured upon. It is affirmed
on good authority that during the last eighteen
years there have been 8,000 miles of light cable
laid, some covered with light wire, two consisting

of india-rubber core alone, and others protected
with hemp and other substances, but that no line of
this description has been found to last longer than
one year, while in some cases the period has been
a few weeks only. All the cables now in working
order are of the strong and heavy form, and there
seems no example of any kind that can be cited to

justify the adoption of the light principle.

—

London
Times.

rPHE Oxyhydrogen Light scheme has now taken
J- a definite shape in Paris. A company has been
formed, the capital necessary has been raised, and
application has been made for permission to lay
down pipes to carry oxygen and hydrogen over
about a fourth of the city. It is not very likely

that the permission will be granted, and the pro-
moters will have to confine themselves to supplying
individuals with compressed gases, as was originally

proposed. We have published the patented proces-
ses by which M. Tessie du Motay obtains the oxy-
gen and hydrogen which he proposes to distribute

over Parris, at a cost so low that the oxyhydrogen
light is promised much cheaper than common gas
light; but ingenious and relatively cheap as they
undoubtedly are, it is impossible to believe that the
service can be made so inexpensive as to supersede
coal gas. The prospectus of the company enlarges
upon the cheapness and purity of the light, the
complete combustion, and the absence of all dele-

terious matters in the products of the combination;
but is quite silent as to the danger of introducing
into a house two gases not possessing any smell, and
which, consequently, may escape without observa-
tion, and the mixture of which forms an explosive
compound of far greater power than any mixture
of coal gas and air. To any danger of this kind,
Continental engiueers appear to shut their eyes.

We saw, a short time ago, a patent taken out in

Belgium for making a mixture of coal gas and air,

storing it in gas holders and distributing it over
the city of Brussels for heating purposes. The
engineering details given, showed a complete know-
ledge of the subject of the manufacture and distri-

bution of gas, bat there seemed to he no recognition

of the risk, imminent enough of blowing up the
whole concern. A consideration of this kind, some
years ago, stood in the way of a scheme of the kind
projected for Birmingham, and will, no doubt, pre-
vent the Oxyhydrogen Light Company from getting

permissson to lay down their pipes over Paris.

—

Jour. Franklin Institute.

Tints to Express Building Materials.—The
following are the conventional tints employed

in England, and with little exception, elsewhere
among engineers and architects

:

Materials. Color.

Brickwork to be executed
(in plans and section.. Crimson lake.

Brickwork in elevations. . Crimson lake mixed with
burnt sienna or Vene-
tian red.

The lighter woods, such
as fir Raw sienna.

Oak or teak Vandyke brown.
Granite Pale Indian ink.

Stone generally. Yellow ochre or pale

sepia.

Concrete works „ . Sepia with darker mark-
ings.

Wrought iron Indigo.

Cast iron Payne's grey or neutral

tint.

Steel Pale indigo tinged with
lake.

Brass Gamboge or Roman
ochre.

Lead Pale Indian ink tinged

with indigo.

Clay or earth Burnt umber,
Slate Indigo and lake.

Thomson's Road Steamers.—The Oriental Coal
Company (Limited), into whose hands the ex-

tensive coal mines in the island of Labuan have
passed, are now working them successfully. In
anticipation of a great increase in the demand for

coal in the China seas on the opening of the Suez
Canal, it has been decided to supply coal at the fine

harbor of Victoria, which admits and shelters

vessels of the largest size at all times of the tides

and at all seasons, instead of at Coal Point, as at

present, where steamers can take in coal only in

comparatively fine weather. The distance from the

mines to Victoria harbor, where the Governor's

residence and all the public buildings are situated,

is about nine miles, and the coal is to be transported

by means of the patent road steamers, with india-

rubber tyres, of Mr. R. W. Thomson, C. E., of

Edinburgh. Two of these powerful engines and
sixteen wagons, to cany six tons each, are already

completed, and will be shipped direct to Labuan in

the company's new screw collier " the William
Miller." These road steamers appear to be exciting

great interest all over the world. The Government of

India have just ordered to be despatched overland
the first engine for a regular service, which they

intend establishing on the Grand Trunk Road, for
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the transport of troops, Government stores, and

general merchandise, in lieu of the miserably slow

and costly bullock-trains which now creep along

that fine road. The road steamers will, it is said,

run five or six miles per hour at far less cost than

the bullock hackeries, which cannot keep up a

third of that speed.

TO ESTIMATE THE FORCE OF THE TIDES, all that is

necessary is the consideration that the attrac-

tion of the sun and moon (principally of the latter),

acting in opposition to terrestrial gravitation, ele-

vates the surface of a large portion of the ocean,

nearly twice in 24 hours, to the mean height of

about two feet. The extent of surface thus raised

may be set down at 100,000,000 square miles, or

one-half of the surface of the earth, taking this at

200,000,000 of square miles, of which the ocean

occupies about th ^e-fourths, or 150,000,000.

Every square mile c water two feet thick contains

nearly 60,000,000 ibic feet, or 3,840,000.000

pounds of water, an this, multiplied by 100,000,

000, the number o quare miles affected by the

tide, gives the eno ious number of 768,000,000,

000,000,000 foot po ds exerted every twelve and

a-half hours, or 7' minutes, which gives, per

minute, a power o 100,000,000,000,000,000 foot

pounds. Dividing Is by 33.000, to reduce it to

horse-power, we o lin nearly 3,000,000,000,000

horse-power as tie )tal power of the tide-wave

over the whole sufal of the earth.

—

The Engineer.

Zinc Sheathim »r Ships.—There is nothing

novel in the Ja of preventing the oxidation

of iron ships byhj use of zinc. Several modes

of applying theuohave been suggested by vari-

ous inventive mis/ but, for some reason or other,

shipowners still yon paint to preserve their ships,

and do not st to have faith in the protective

power of elec&l action. The latest invention

for the protect of iron ships by this means is

that of MM. Dmce and Bertiu, who distribute

about the innei.eof the shell, tubular reservoirs,

made of zinc,ich are riveted to the plates, to

place the meta perfect communication with the

iron hull. Threservoirs are charged with sea

water, which ismged every day. Bands of zinc

carried in all dtions over the inner side of the

hull connect thrious reservoirs, and strips are

here and there ight to the outer side, and made
to communicat th the sea. We need not here

explain the aetvhich takes place. If the auth-

ors can be relioon, the success obtained is per-

fect. Experiml boats kept in very salt water

for a year, the^, do not exhibit a trace of oxi-

dation in any \—Mech. Magazine.

Apprentice em in the shops of the Penn-
sylvania lway.—Of the 4,087 names on

tne rolis of thtive Power and Mach. Dept. at

the beginningue year, 114 are designated as
" apprentices." to these we were to add such

as among the diousand skilled workmen have

risen to that chrough apprenticeship, the num-
ber would be iised perhaps three-fold or more.

Boys are takeieventeen years of age,—if pos-

sible on their l-day,—and are indentured for

four years, recg 75 cents per day for two years,

90 cents the tlear, and $1,00 the fourth. If

during this peif apprenticeship their conduct

and service hen satisfactory, they receive

$124 bonus on the cancellation of the indenture.
They afterwards receive, as skilled workmen, from
$1,50 to $2,90 per day. Work begins in the loco-
motive shops with vice-filing, from which the ap-
prentice passes, successively to machine work, run-
ning fouls, and setting up engines; in carpentry,
freight is followed by passenger car work. The
result is, in the case of a boy adapted to the work,
not only skill in the performance of the different

operations involved in car or locomotive building,
but a discipline, a system, which admirably fit him
to take charge of work; and, accordingly, we find

that many of the best foremen, to whose inventive-
ness and resources the Company owes much every
year, are from the class of apprentices who have
received technical education in the shops. The
system works satisfactorily in every respect. It is

sometimes the case that the apprentice, now become
an expert, seeks service elsewhere at the end of his

term; but with rare exceptions, such return in the
course of a year or two.— Chicago Railway Review.

rj^HE Albany Iron Works' Axles.— The car

J_ axles made by Messrs. Erastus Corning & Co.,

and which have deservedly attained to a great ce-
lebrity on the many railways where they are used,
are made as follows : Selected scrap or selected

puddle-bar made from charcoal (20 per cent) and
best anthracite pig, is rolled into 2 by 1 in. bars.

These bars are made into a pile 8 in. square with %
in. top and bottom made of finished bars. The pile

is reheated and rolled to 7 in. round, and this is re-

heated, forged down and finished under the trip

hammer. It is not surprising that these axles never
break in service.

Our Index.—Those who have occasion to refer to

the back volumes of Pmgineering periodicals,

will admit that, as a rule, the easiest way to find

any given article is to begin at page 1 and search

for it. Index making has been deemed merely
clerical work, as if no professional knowledge were
necessary in arranging subjects under the proper
headings. We believe the index presented here-

with will be found convenient and complete.

he India Rubber Manufacture.—The North
American Review states that there are now in

America and Europe, more than a hundred and
fifty manufactories of india-rubber articles, employ-
ing from four to five hundred operatives each, and
consuming more than ten millions of pounds of gum
per annum. The business, too, is considered to be
still in its infancy. Certainly it is increasing.

Nevertheless there is no possibility of the demand
exceeding the supply. The belt of land around the

globe, five hundred miles north and five hundred
miles south of the equator, abounds in trees pro-

ducing the gum; and they can be tapped, it is said,

for twenty successive seasons. Forty-three thou-
sand of these trees have been counted in a tract of

country thirty miles long and eight wide. Each
tree yields an average of three tablespoonfuls of sap

daily, but the trees are so close together that one
man can gather the sap of 80 in a day.

Lighthouses.—According to the Scientific Review,

a French writer calculated that, at the com-
mencement of 1867, there existed in the world 3814

lighthouses, or phares, of more or less importance,

viz : 1785 on the coast of Europe; 674 on those of

America; 162 in Asia; 100 in Oceania; and 93 in

Africa. As regards Europe, the best lighted coasts

are those of Belgium, France following immediately

T



1152 VAN NOSTRAND'S ENGINEERING MAGAZINE.

afterwards. Then come, in order in which their

names are given, Holland, England, Spain, Prussia,

Itlay, Sweden and Norway, Portugal, Denmark,
Austria, Turkey, Greece, and finally Eussia.

Besides Europe, the hest lighted coasts are those of

the United States, which have one light for every
twenty miles, whilst the Brazilian coast has only

one for every 87 miles. Of the 281-4 hi existence

at the commencement of 1867, about 2300 had been
established since 1830, while the power of the

greater part of those existing prior to 1830 has

increased.

The Steamship Adriatic.—This fine American
built vessel has been purchased by Messrs.

Bates & Co., of Liverpool, for the purpose of be-

ing converted into a sailing ship. The Adriatic

was originally one of the Collins' line of mail

steamers, and ran for a time between Liverpool and

New York. In 1861 she was purchased by the

Atlantic Royal Mail Company, and in the month of

April of that year was placed on their line between

Galway and New York. Towards the end of 1861

she was chartered by the government to convey
troops to Canada, and on her return she was again

fitted up as a passenger ship and placed on the Gal-

way line until the whole undertaking collapsed,

when she was taken round to Southampton Docks,

where she has remained unemployed until the pres-

ent time. The Adriatic is one of the largest pad-

dle steamers ever built, and her history has been

anything but an uneventful one. She was built

and fitted up at enormous expense, and now, after

lying idle for six years, she has changed hands at

very little more than her repairs and fittings have
cost. She will make a magnificent sailing vessel,

although not adapted for the Atlantic steam trade.

Oroide is the name of a new metallic composition

which resembles gold very closely. It was in-

vented in France, and is made by means of 100
parts of copper; 17 parts of tin or zinc; 6 parts of

magnesia; 3-6 parts of sal-ammoniac; 1-8 parts of

calcined lime and 9 parts of cream of tartar.

The copper is at first melted alone; then magnesia;

sal-ammoniac ; lime and cream tartar are added in

small portion* under continual stirring. This takes

half an hour, then tin or zinc is added, and mixed
with the copper by stirring. The crucible in which
these operations are prepared, is then covered up
and kept in the fire for 35 minutes. The product

is cast into bars, which can be rolled, hammered
and pressed. It is difficult to distinguish this com-
position from gold.

—

Steirm. Industrie u. Hand-
"!$hlnft.

The Vacuum Method of Making Ice.—An ice

and cold producing machine has been invented

by Herr Franz Windhausen Brunswick. The ac-

tion of the machine is based on the principle of

producing cold by the expansion of atmospheric

air, which is accomplished by means of mechanical

power. The machines require no chemicals, noth-

ing being used in them but water and atmospheric
air. They may be wrought by steam, water, or

wind, and they produce from 100 to 1,000 lbs. of

ice per hour, according to size, at a cost of from
2d. to 5d. per 100 lbs.; this difference resulting

from the varying prices of fuel and the mode of

working chosen. One of their uses is to cool

rooms, cellars, theaters, hospitals, compartments of

ships, etc.

—

Builder.

HP he Smoke Nuisance.—Dr. Angus Smith has
J- experimented on smoke of various degrees of
blackness and brownness, and he shows that the
difficulty of consuming smoke docs not commonly
arise from a deficiency of air in the furnace but
from the fact that a rapid draught often fails to al-
low time for proper combustion. It is now certain
that the black smoke prohibited by Act of Parlia-
ment contains carbonic oxide, one of the most
poisonous of gases. Carbonic oxide is only detect-
ed in smoke of the illegal density, and when we find
that this black smoke is really an expensive article
to produce we seem to be furnished with every rea-
son why such a nuisance should be prohibited.

The Bermuda Floating Dock.—Although pre-
dictions of disaster as to her voyage out were

plentiful, the great Bermuda dock has arrived
safely at the island. The pssage was made it

would appear, under favcable circumstances.
The absence of suitable doc accommodation at
Bermuda has long been felt, ad. now that this want
has been so well supplied, w; ships on the North
American and AVest Indianstations can be over-
hauled and repaired, instca of being sent home
for those purposes.

The Wire Tramway Com.ny have contracts at
present in execution in

1

ranee for about '25

miles of wire tramway, all f beet sugar makers.
Mr. Hodgson, the inventor,; afepresent engaged
constructing the line for the estuena Company in

the Alps ; besides this, the coipa'f have contracts
in Spain, Sweden and Austvi, Ad are shipping
lines to New Zealand and eru Several short
lines are in course of constrmtioiii England, and
the difficulty of obtaining right way is alone
preventing them doing a large siness in this
country.

Shape of Screw Taps.—-Mr. "$ A. Sweet of
Syracuse, informs us, referringan article we

translated on page 976, from a Gem Magazine,
that he commenced a lathe for theie purpose in

1864, that he then learned that Mes fm. Sellers

& Co. had the same idea, and thae has quite
recently seen at the works of Messienyon & Co.,

Steubenville, O., a lathe for cuttitaps on this

principle, made thirty years ago.l in use ever
since. In this lathe, however,

j groove has
a curved bottom which will not cl-a great im-
provement on the German idea.

The Largest Span of any truj-idge in the
United States is that of the giiridge across

the Ohio river at Louisville, whio. destined to

connect the Kentucky and India hores. Tbe
bridge itself will be, when finisheid the engi-

neer in charge expects to turn ove: contract for

the building some time in Noven, one of the

most splendid structures of the k i this or any
other country. This last span c< three hun-
dred and seventy feet, and is a ma)f engineer-

ing skill.

—

Engineer.

British Steam Vessels.—Arcial return

shows that down to the 1st auary, 1869,

there had been registered at them the United
Kingdom 2,916 steam vessels, theiegate regis-

tered tonnage being 904,191 tons their gross

tonnage 1,341,106 tons. The dat uild ranges

from 1823 to 1868; the oldest is ijnd Jane, of

Newcastle, of 27 tons.
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